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Lenzi, Chelsea

From: Board Letters
Subject: FW: Tuesday BofS Meeting Pertaining to the Fish Water Release Program
Attachments: ESAall.pdf; 97-21661.pdf; BiOp_Final_9.11.2000.pdf; gen_cdfg_shapovalovetal_1954.pdf; 

CachumaPhase2Exhibits-CT90.pdf

 
 

From: Jzaleski [mailto:Jvzaleski@att.net]  
Sent: Saturday, September 06, 2014 1:34 PM 
To: saludcarbajal@gmail.com 
Cc: Friedman, Eric; tom@montecitowater.com 
Subject: Tuesday BofS Meeting Pertaining to the Fish Water Release Program 
 
Hello Salud, 
 
Eric sent me the agenda for the Tuesday BofS meeting where the water release program for the fish will be 
discussed.  Unfortunately I am leaving tomorrow morning on a trip and will not be able to attend.  So instead I am 
sending you this which I hope will find its way into the proceedings. 
 
As the supervisor of the 1st district you are the representative of the people residing in the Montecito Water District, the 
district that is most severely impacted by the drought.  As such I implore you to spearhead an effort by the BofS to file 
for an emergency injunctive release to immediately relocate the Hilton Creek fish and stop the pumping of Cachuma 
water into the creek.  The BofS  should have its legal team prepare grounds for the injunction and have the pumping 
stopped while your appeal works its way through the courts.  
 
The National Marine Fisheries Service (NMFS) final ruling and the US Bureau of Reclamation Biological Opinion should be 
reviewed in detailed and challenged on the ground that they do not represent the intended purposes of the Endangered 
Species Act. 
 
Background 
Attached are some key documents: 
 

 Endangered Species Act, 1973 

 National Marine Fisheries Service (NMFS) Final Ruling, August, 1997 

 US Bureau of Reclamation (USBR) Biological Opinion, September, 2000 

 Life Histories of the Rainbow Steelhead Trout, Shapovalov & Taft, 1954  

 Written Testimony by Jim Edmonson to the USBR Water Rights Hearing, October, 2003 
 

Endangered Species Act 
Below is an excerpt from the Endangered Species Act of 1973.   
 
SEC. 2. (b) PURPOSES.—The purposes of this Act are to provide a means whereby the ecosystems 
upon which endangered species and threatened species depend may be conserved, 
to provide a program for the conservation of such endangered species and 
threatened species, and to take such steps as may be appropriate to achieve the 
purposes of the treaties and conventions set forth in subsection (a) of this section. 
SEC. 2. (c) POLICY.—(1) It is further declared to be the policy of Congress that all Federal departments  
and agencies shall seek to conserve endangered species and threatened species and shall utilize 
their authorities in furtherance of the purposes of this Act. 
(2) It is further declared to be the policy of Congress that Federal agencies shall 
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cooperate with State and local agencies to resolve water resource issues in concert 
with conservation of endangered species. 
 
This clearly states that the intention is to take steps as may be appropriate to achieve the purpose of the act and that 
the Federal agencies shall cooperate with State and Local agencies to resolve water resource issues.  I question whether 
the follow on actions taken by the NMFS or the USBR follow this guidance. 
 
National Marine Fisheries Service (NMFS) Final Ruling 
The NMFS divided the entire US west coast into 15 separate ESU’s (Evolutionary Significant Units) and then examined 
the fish population in each.  Of the 15 ESU’s 3 are classified as Threatened and 2 as Endangered.  Using this method the 
NMFS can carve out areas with minimal fish populations and enforce onerous conservation methods without regard for 
the fact the fish species is abundant and healthy in other ESU’s.  In the case of Santa Barbara county it was included in 
the southern most ESU which is considered an endangered ESU resulting in the follow on USBR Biological Opinion which 
forces the release of water from Cachuma lake.  If we were included in the ESU to our north where the fish are 
considered Threatened the water release wouldn’t be required.  I didn't see any scientific support called out as to why 
our area deserves to be a separate ESU.  There are criteria for being classified as a separate and distinct ESU but there 
was no backup provided in the final ruling as to how our area met those criteria.  And where in the original act does it 
say that a species has to be restored everywhere that it once existed?  How does the Act enable calling out separate 
ESU’s to be analyzed separately?   
 
There are millions and millions of steelhead trout up the US coast but we must release 2,000,000 gallons a day to 
preserve a few hundred trout in our ESU.  Since the last time there has been any runoff into Cachuma Lake (2 ½ years 
ago) almost 2 billion gallons of water have been released to keep a few hundred steelhead alive where as the steelhead 
trout are so plentiful that you can buy steelhead fillets in San Francisco fish markets for 
$17/pound.  http://www.giovannisfishmarket.com/fish/Steelhead‐Trout.aspx   
 
USBR Biological Opinion 
NMFS acknowledges that the fish population has always been sparse and that our ESU is drought prone and that puts 
pressure on the population.  But on the other hand the follow‐on USBR Biological Opinion makes no exception for 
drought conditions and enforces remedial action on our drought prone ESU that it applies to any other ESU.  So is our 
area different or not?  Why is it deemed different in evolutionary terms of the fish population but not deemed different 
in terms of the remedial methods required?  And how it is environmentally correct to artificially flood a creek that by 
nature should be dry as a bone in the third year of a historic drought?  What kind of pampered fish are being raised to 
propagate the gene pool?   
 
I have a ranch with the Sespe Creek flowing through it and for the first time last year the creek dried up.  All the alder 
trees along it died including 50’ trees with 12” trunk diameters.  And all the fish died too.  This spring one lucky 11” rain 
fall happened over two weeks and the fish are back.  Unfortunately the alders aren’t but the fish are and no one flooded 
the creek except mother nature.   
 
I understand that a new Biological Opinion is being developed and it will most likely come out with even more stringent 
requirements and the BofS must be participating in the deliberation and oppose it based on legal ground.  
 
Life Histories of the Rainbow Steelhead Trout, 1954 
I’ve included this as an attachment for interest and frankly did not review it for relevance or issues.  But it is an 
important scientific work that much of the follow on action is based. 
 
Jim Edmonson Testimony, October 2003 
Mr. Edmonson, an executive with California Trout provided written testimony for a hearing with the USBR water rights 
permit for the Cachuma water project.  It provides the history of the deliberations considering the Cachuma dam project 
on the Santa Ynez river fishery.  It provides lots of data and discussion of the impact of the Bradbury dam and 
acknowledges that the final Secretary of Interior report states that the water needs for irrigation and municipal uses 
took exclusive priority.  See the excerpt below.  Since then of course the original ruling is being “reinterpreted” at will. 
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Summary 
Almost 2 billion gallons of water have been released from our drought diminished water supply over the past 2 ½ years 
to keep a few hundred trout alive in Hilton Creek while they flourish in the millions up the west coast of the 
US.  Steelhead trout fillets can be purchased at the fish market in San Francisco for 17 bucks a pound.  The daily release 
of 2,000,000 gallons represents the personal essential daily use of 13,000 people based on the Montecito Water Districts 
definition of 300 HCF/year per household of 4.  This misguided program is due to overreach by the NMFS and USBR. 
 
a) Our Southern Cal ESU is one of 15 ESU's and is on the southern fringe of the steelhead habitat which was been 
historically challenged especially in time of drought like we are in now.  The ESU’s to the north of use are classified as 
threatened and 10 ESU’s have no classifications.  There are millions of trout surviving in the other ESU's and only 500 in 
our ESU, 200 of which are supposedly in the Santa Ynez river. 
 
b) The water release program has had no tangible positive results and it unlikely that it ever will.  So continued water 
release will not improve the situation.  Even in wet years with spillage over the dam where enormous amounts of water 
flow to the ocean did not help a comeback in those wet years.   
 
c) The arguments in the summary section (p 71) of the USBR Biological Opinion basically say the trout population in our 
ESU is minuscule in size and there is no evidence that the efforts expended are working but we should continue to try 
anyway. 
 
d) Despite opinions that artificially flooding a dry creek during a historic drought is necessary the question still needs to 
be asked, is this the right thing to do?  How far does one have to go?  Is this what the Endangered Species act 
intended?  Droughts and dried creeks are part of the natural cycle.  Are these extreme measures necessary in one 
historically drought challenged ESU while there are the other 14 ESU's that are much more viable than ours?  Perhaps 
reviewing the Congressional committee hearings leading up to the enactment of the Endangered Species Act would 
provide light on the intentions.   
 
It is yours and the boards’ responsibility to its citizens to file an emergency injunction in circuit court to immediately stop 
this pumping.  The fish can be captured and relocated to another active stream until the drought is over.   
 
And the county must have legal representation at the ongoing deliberations concerning an update to the existing USBR 
Biological Opinion letter that is underway to counter new, onerous requirements that are sure to come out of it. 
 
Please feel free to share this with other supervisors on the board. 
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Jim Zaleski 
1474 E. Mountain Drive 
Montecito   
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ENDANGERED SPECIES ACT OF 1973*

FINDINGS, PURPOSES, AND POLICY

SEC. 2. (a) FINDINGS.—The Congress finds and declares that—
(1) various species of fish, wildlife, and plants in the United States have

been rendered extinct as a consequence of economic growth and development
untempered by adequate concern and conservation;

(2) other species of fish, wildlife, and plants have been so depleted in num-
bers that they are in danger of or threatened with extinction;

(3) these species of fish, wildlife, and plants are of esthetic, ecological, edu-
cational, historical, recreational, and scientific value to the Nation and its
people;

(4) the United States has pledged itself as a sovereign state in the interna-
tional community to conserve to the extent practicable the various species of
fish or wildlife and plants facing extinction, pursuant to—

(A) migratory bird treaties with Canada and Mexico;
(B) the Migratory and Endangered Bird Treaty with Japan;
(C) the Convention on Nature Protection and Wildlife Preservation in

the Western Hemisphere;
(D) the International Convention for the Northwest Atlantic Fisheries;
(E) the International Convention for the High Seas Fisheries of the

North Pacific Ocean;
(F) the Convention on International Trade in Endangered Species of

Wild Fauna and Flora; and
(G) other international agreements; and

(5) encouraging the States and other interested parties, through Federal
financial assistance and a system of incentives, to develop and maintain con-
servation programs which meet national and international standards is a key
to meeting the Nation’s international commitments and to better safeguard-
ing, for the benefit of all citizens, the Nation’s heritage in fish, wildlife, and
plants.

(b) PURPOSES.—The purposes of this Act are to provide a means whereby the eco-
systems upon which endangered species and threatened species depend may be con-
served, to provide a program for the conservation of such endangered species and
threatened species, and to take such steps as may be appropriate to achieve the
purposes of the treaties and conventions set forth in subsection (a) of this section.
(c) POLICY.—(1) It is further declared to be the policy of Congress that all Federal

____________

*As amended by P.L. 94-325, June 30, 1976; P.L. 94-359, July 12, 1976; P.L. 95-212, December 19, 1977; P.L.
95-632, November 10, 1978; P.L. 96-159, December 28, 1979; P.L. 97-304, October 13, 1982; P.L. 98-327, June
25, 1984; and P.L. 100-478, October 7, 1988;  P.L. 107-171, May 13, 2002; P.L. 108-136, November 24, 2003.
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departments and agencies shall seek to conserve endangered species and threatened
species and shall utilize their authorities in furtherance of the purposes of this Act.

(2) It is further declared to be the policy of Congress that Federal agencies shall
cooperate with State and local agencies to resolve water resource issues in concert
with conservation of endangered species.

DEFINITIONS

SEC. 3. For the purposes of this Act—
(1) The term “alternative courses of action” means all alternatives and thus is

not limited to original project objectives and agency jurisdiction.
(2) The term “commercial activity” means all activities of industry and trade,

including, but not limited to, the buying or selling of commodities and activities
conducted for the purpose of facilitating such buying and selling: Provided,
however, That it does not include exhibition of commodities by museums or similar
cultural or historical organizations.

(3) The terms “conserve”, “conserving”, and “conservation” mean to use and the
use of all methods and procedures which are necessary to bring any endangered
species or threatened species to the point at which the measures provided pursuant
to this Act are no longer necessary.  Such methods and procedures include, but are
not limited to, all activities associated with scientific resources management such as
research, census, law enforcement, habitat acquisition and maintenance, propaga-
tion, live trapping, and transplantation, and, in the extraordinary case where popu-
lation pressures within a given ecosystem cannot be otherwise relieved, may include
regulated taking.

(4) The term “Convention” means the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora, signed on March 3, 1973, and the appen-
dices thereto.

(5)(A) The term “critical habitat” for a threatened or endangered species means—
(i) the specific areas within the geographical area occupied by the species,

at the time it is listed in accordance with the provisions of section 4 of this Act,
on which are found those physical or biological features (I) essential to the
conservation of the species and (II) which may require special management
considerations or protection; and

(ii) specific areas outside the geographical area occupied by the species at
the time it is listed in accordance with the provisions of section 4 of this Act,
upon a determination by the Secretary that such areas are essential for the
conservation of the species.

(B) Critical habitat may be established for those species now listed as threatened
or endangered species for which no critical habitat has heretofore been established
as set forth in subparagraph (A) of this paragraph.

(C) Except in those circumstances determined by the Secretary, critical habitat
shall not include the entire geographical area which can be occupied by the threat-
ened or endangered species.

(6) The term “endangered species” means any species which is in danger of ex-
tinction throughout all or a significant portion of its range other than a species of
the Class Insecta determined by the Secretary to constitute a pest whose protection
under the provisions of this Act would present an overwhelming and overriding risk
to man.
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(7) The term “Federal agency” means any department, agency, or instrumentality
of the United States.

(8) The term “fish or wildlife” means any member of the animal kingdom, includ-
ing without limitation any mammal, fish, bird (including any migratory, nonmigratory,
or endangered bird for which protection is also afforded by treaty or other interna-
tional agreement), amphibian, reptile, mollusk, crustacean, arthropod or other in-
vertebrate, and includes any part, product, egg, or offspring thereof, or the dead
body or parts thereof.

(9) The term “foreign commerce” includes, among other things, any transaction—
(A) between persons within one foreign country;
(B) between persons in two or more foreign countries;
(C) between a person within the United States and a person in a foreign coun-

try; or
(D) between persons within the United States, where the fish and wildlife in

question are moving in any country or countries outside the United States.
(10) The term “import” means to land on, bring into, or introduce into, or attempt

to land on, bring into, or introduce into, any place subject to the jurisdiction of the
United States, whether or not such landing, bringing, or introduction constitutes an
importation within the meaning of the customs laws of the United States.

(11) [Repealed]
(12) The term “permit or license applicant” means, when used with respect to an

action of a Federal agency for which exemption is sought under section 7, any per-
son whose application to such agency for a permit or license has been denied prima-
rily because of the application of section 7(a) to such agency action.

(13) The term “person” means an individual, corporation, partnership, trust, asso-
ciation, or any other private entity; or any officer, employee, agent, department, or
instrumentality of the Federal Government, of any State, municipality, or political
subdivision of a State, or of any foreign government; any State, municipality, or
political subdivision of a State; or any other entity subject to the jurisdiction of the
United States.

(14) The term “plant” means any member of the plant kingdom, including seeds,
roots and other parts thereof.

(15) The term “Secretary” means, except as otherwise herein provided, the Sec-
retary of the Interior or the Secretary of Commerce as program responsibilities are
vested pursuant to the provisions of Reorganization Plan Numbered 4 of 1970; ex-
cept that with respect to the enforcement of the provisions of this Act and the Con-
vention which pertain to the importation or exportation of terrestrial plants, the
term also means the Secretary of Agriculture.

(16) The term “species” includes any subspecies of fish or wildlife or plants, and
any distinct population segment of any species of vertebrate fish or wildlife which
interbreeds when mature.

(17) The term “State” means any of the several States, the District of Columbia,
the Commonwealth of Puerto Rico, American Samoa, the Virgin Islands, Guam, and
the Trust Territory of the Pacific Islands.

(18) the term “State agency” means any State agency, department, board, com-
mission, or other governmental entity which is responsible for the management and
conservation of fish, plant, or wildlife resources within a State.

(19) The term “take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct.
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(20) The term “threatened species” means any species which is likely to become an
endangered species within the foreseeable future throughout all or a significant por-
tion of its range.

(21) The term “United States,” when used in a geographical context, includes all
States.

DETERMINATION OF ENDANGERED SPECIES AND THREATENED SPECIES

SEC. 4. (a) GENERAL.—(1) The Secretary shall by regulation promulgated in accor-
dance with subsection (b) determine whether any species is an endangered species
or a threatened species because of any of the following factors:

(A) the present or threatened destruction, modification, or curtailment of
its habitat or range;

(B) overutilization for commercial, recreational, scientific, or educational
purposes;

(C) disease or predation;
(D) the inadequacy of existing regulatory mechanisms; or
(E) other natural or manmade factors affecting its continued existence.

(2) With respect to any species over which program responsibilities have been
vested in the Secretary of Commerce pursuant to Reorganization Plan Numbered 4
of 1970—

(A) in any case in which the Secretary of Commerce determines that such
species should—

(i) be listed as an endangered species or a threatened species, or
(ii) be changed in status from a threatened species to an endangered spe-

cies, he shall so inform the Secretary of the Interior, who shall list such
species in accordance with this section;
(B) in any case in which the Secretary of Commerce determines that such

species should—
(i) be removed from any list published pursuant to subsection (c) of this

section, or
(ii) be changed in status from an endangered species to a threatened spe-

cies, he shall recommend such action to the Secretary of the Interior, and
the Secretary of the Interior, if he concurs in the recommendation, shall
implement such action; an(C) the Secretary of the Interior may not list or
remove from any list any such species, and may not change the status of any
such species which are listed, without a prior favorable determination made
pursuant to this section by the Secretary of Commerce.

(3)(A) The Secretary, by regulation promulgated in accordance with subsection
(b) and to the maximum extent prudent and determinable—

(i) shall, concurrently with making a determination under paragraph (1)
that a species is an endangered species or a threatened species, designate any
habitat of such species which is then considered to be critical habitat; and

(ii) may, from time-to-time thereafter as appropriate, revise such designa-
tion.

(B)(i) The Secretary shall not designate as critical habitat any lands or other geo-
graphical areas owned or controlled by the Department of Defense, or designated
for its use, that are subject to an integrated natural resources management plan pre-
pared under section 101of the Sikes Act (16 U.S.C. 670a), if the Secretary determines
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in writing that such plan provides a benefit to the species for which critical habitat is
proposed for designation.

(ii) Nothing in this paragraph affects the requirement to consult under sec-
tion 7(a)(2) with respect to an agency action (as that term is defined in that
section).

(iii) Nothing in this paragraph affects the obligation of the Department of
Defense to comply with section 9, including the prohibition preventing extinc-
tion and taking of endangered species and threatened species.

(b) BASIS FOR DETERMINATIONS.—(1)(A) The Secretary shall make determinations
required by subsection (a)(1) solely on the basis of the best scientific and commer-
cial data available to him after conducting a review of the status of the species and
after taking into account those efforts, if any, being made by any State or foreign
nation, or any political subdivision of a State or foreign nation, to protect such spe-
cies, whether by predator control, protection of habitat and food supply, or other
conservation practices, within any area under its jurisdiction, or on the high seas.

(B) In carrying out this section, the Secretary shall give consideration to species
which have been—

(i) designated as requiring protection from unrestricted commerce by any
foreign nation, or pursuant to any international agreement; or

(ii) identified as in danger of extinction, or likely to become so within the
foreseeable future, by any State agency or by any agency of a foreign nation
that is responsible for the conservation of fish or wildlife or plants.

(2) The Secretary shall designate critical habitat, and make revisions thereto, un-
der subsection (a)(3) on the basis of the best scientific data available and after tak-
ing into consideration the economic impact, the impact on national security, and any
other relevant impact, of specifying any particular area as critical habitat. The Sec-
retary may exclude any area from critical habitat if he determines that the benefits
of such exclusion outweigh the benefits of specifying such area as part of the critical
habitat, unless he determines, based on the best scientific and commercial data avail-
able, that the failure to designate such area as critical habitat will result in the ex-
tinction of the species concerned.

(3)(A) To the maximum extent practicable, within 90 days after receiving the peti-
tion of an interested person under section 553(e) of title 5, United States Code, to
add a species to, or to remove a species from, either of the lists published under
subsection (c), the Secretary shall make a finding as to whether the petition pre-
sents substantial scientific or commercial information indicating that the petitioned
action may be warranted. If such a petition is found to present such information, the
Secretary shall promptly commence a review of the status of the species concerned.
The Secretary shall promptly publish each finding made under this subparagraph
in the Federal Register.

(B) Within 12 months after receiving a petition that is found under subparagraph
(A) to present substantial information indicating that the petitioned action may be
warranted, the Secretary shall make one of the following findings:

(i) The petitioned action is not warranted, in which case the Secretary shall
promptly publish such finding in the Federal Register.

(ii) The petitioned action is warranted, in which case the Secretary shall
promptly publish in the Federal Register a general notice and the complete
text of a proposed regulation to implement such action in accordance with para-
graph (5).
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(iii) The petitioned action is warranted, but that—
(I) the immediate proposal and timely promulgation of a final regula-

tion implementing the petitioned action in accordance with paragraphs
(5) and (6) is precluded by pending proposals to determine whether any
species is an endangered species or a threatened species, and

(II) expeditious progress is being made to add qualified species to ei-
ther of the lists published under subsection (c) and to remove from such
lists species for which the protections of the Act are no longer necessary,

in which case the Secretary shall promptly publish such finding in the Fed-
eral Register, together with a description and evaluation of the reasons and
data on which the finding is based.

(C)(i) A petition with respect to which a finding is made under subparagraph (B)(iii)
shall be treated as a petition that is resubmitted to the Secretary under subpara-
graph (A) on the date of such finding and that presents substantial scientific or
commercial information that the petitioned action may be warranted.

(ii) Any negative finding described in subparagraph (A) and any finding described
in subparagraph (B)(i) or (iii) shall be subject to judicial review.

(iii) The Secretary shall implement a system to monitor effectively the status of all
species with respect to which a finding is made under subparagraph (B)(iii) and
shall make prompt use of the authority under paragraph 7 to prevent a significant
risk to the well being of any such species.

(D)(i) To the maximum extent practicable, within 90 days after receiving the peti-
tion of an interested person under section 553(e) of title 5, United States Code, to
revise a critical habitat designation, the Secretary shall make a finding as to whether
the petition presents substantial scientific information indicating that the revision
may be warranted. The Secretary shall promptly publish such finding in the Fed-
eral Register.

(ii) Within 12 months after receiving a petition that is found under clause (i) to
present substantial information indicating that the requested revision may be war-
ranted, the Secretary shall determine how he intends to proceed with the requested
revision, and shall promptly publish notice of such intention in the Federal Register.

(4) Except as provided in paragraphs (5) and (6) of this subsection, the provisions
of section 553 of title 5, United States Code (relating to rulemaking procedures),
shall apply to any regulation promulgated to carry out the purposes of this Act.

(5) With respect to any regulation proposed by the Secretary to implement a de-
termination, designation, or revision referred to in subsection (a)(1) or (3), the Sec-
retary shall—

(A) not less than 90 days before the effective date of the regulation—
(i) publish a general notice and the complete text of the proposed regula-

tion in the Federal Register, and
(ii) give actual notice of the proposed regulation (including the complete

text of the regulation) to the State agency in each State in which the species
is believed to occur, and to each county or equivalent jurisdiction in which
the species is believed to occur, and invite the comment of such agency, and
each such jurisdiction, thereon;

(B) insofar as practical, and in cooperation with the Secretary of State, give
notice of the proposed regulation to each foreign nation in which the species is
believed to occur or whose citizens harvest the species on the high seas, and invite
the comment of such nation thereon;
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(C) give notice of the proposed regulation to such professional scientific orga-
nizations as he deems appropriate;

(D) publish a summary of the proposed regulation in a newspaper of general
circulation in each area of the United States in which the species is believed to
occur; and

(E) promptly hold one public hearing on the proposed regulation if any per-
son files a request for such a hearing within 45 days after the date of publication
of general notice.

(6)(A) Within the one-year period beginning on the date on which general notice is
published in accordance with paragraph (5)(A)(i) regarding a proposed regulation,
the Secretary shall publish in the Federal Register—

(i) if a determination as to whether a species is an endangered species or
a threatened species, or a revision of critical habitat, is involved, either—

(I) a final regulation to implement such determination,
(II) a final regulation to implement such revision or a finding that such

revision should not be made,
(III) notice that such one-year period is being extended under subpara-

graph (B)(i), or
(IV) notice that the proposed regulation is being withdrawn under sub-

paragraph (B)(ii), together with the finding on which such withdrawal is
based; or
(ii) subject to subparagraph (C), if a designation of critical habitat is in-

volved, either—
(I) a final regulation to implement such designation, or
(II) notice that such one-year period is being extended under such sub-

paragraph.
(B)(i) If the Secretary finds with respect to a proposed regulation referred to in

subparagraph (A)(i) that there is substantial disagreement regarding the sufficiency
or accuracy of the available data relevant to the determination or revision concerned,
the Secretary may extend the one-year period specified in subparagraph (A) for not
more than six months for purposes of soliciting additional data.

(ii) If a proposed regulation referred to in subparagraph (A)(i) is not promulgated
as a final regulation within such one-year period (or longer period if extension un-
der clause (i) applies) because the Secretary finds that there is not sufficient evi-
dence to justify the action proposed by the regulation, the Secretary shall immedi-
ately withdraw the regulation. The finding on which a withdrawal is based shall be
subject to judicial review. The Secretary may not propose a regulation that has pre-
viously been withdrawn under this clause unless he determines that sufficient new
information is available to warrant such proposal.

(iii) If the one-year period specified in subparagraph (A) is extended under clause
(i) with respect to a proposed regulation, then before the close of such extended
period the Secretary shall publish in the Federal Register either a final regulation
to implement the determination or revision concerned, a finding that the revision
should not be made, or a notice of withdrawal of the regulation under clause (ii),
together with the finding on which the withdrawal is based.

(C) A final regulation designating critical habitat of an endangered species or a
threatened species shall be published concurrently with the final regulation imple-
menting the determination that such species is endangered or threatened, unless the
Secretary deems that—
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(i) it is essential to the conservation of such species that the regulation imple-
menting such determination be promptly published; or

(ii) critical habitat of such species is not then determinable, in which case
the Secretary, with respect to the proposed regulation to designate such habi-
tat, may extend the one-year period specified in subparagraph (A) by not more
than one additional year, but not later than the close of such additional year
the Secretary must publish a final regulation, based on such data as may be
available at that time, designating, to the maximum extent prudent, such habi-
tat.

(7) Neither paragraph (4), (5), or (6) of this subsection nor section 553 of title 5,
United States Code, shall apply to any regulation issued by the Secretary in regard
to any emergency posing a significant risk to the well-being of any species of fish or
wildlife or plants, but only if—

(A) at the time of publication of the regulation in the Federal Register the
Secretary publishes therein detailed reasons why such regulation is neces-
sary; and

(B) in the case such regulation applies to resident species of fish or wildlife,
or plants, the Secretary gives actual notice of such regulation to the State
agency in each State in which such species is believed to occur.

Such regulation shall, at the discretion of the Secretary, take effect immediately
upon the publication of the regulation in the Federal Register. Any regulation pro-
mulgated under the authority of this paragraph shall cease to have force and effect
at the close of the 240-day period following the date of publication unless, during
such 240-day period, the rulemaking procedures which would apply to such regula-
tion without regard to this paragraph are complied with. If at any time after issuing
an emergency regulation the Secretary determines, on the basis of the best appro-
priate data available to him, that substantial evidence does not exist to warrant such
regulation, he shall withdraw it.

(8) The publication in the Federal Register of any proposed or final regulation
which is necessary or appropriate to carry out the purposes of this Act shall include
a summary by the Secretary of the data on which such regulation is based and shall
show the relationship of such data to such regulation; and if such regulation desig-
nates or revises critical habitat, such summary shall, to the maximum extent practi-
cable, also include a brief description and evaluation of those activities (whether
public or private) which, in the opinion of the Secretary, if undertaken may adversely
modify such habitat, or may be affected by such designation.

(c) LISTS.—(1) The Secretary of the Interior shall publish in the Federal Register
a list of all species determined by him or the Secretary of Commerce to be endan-
gered species and a list of all species determined by him or the Secretary of Com-
merce to be threatened species. Each list shall refer to the species contained therein
by scientific and common name or names, if any, specify with respect to each such
species over what portion of its range it is endangered or threatened, and specify
any critical habitat within such range. The Secretary shall from time to time revise
each list published under the authority of this subsection to reflect recent determi-
nations, designations, and revisions made in accordance with subsections (a) and
(b).

(2) The Secretary shall—
(A) conduct, at least once every five years, a review of all species included in
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a list which is published pursuant to paragraph (1) and which is in effect at the
time of such review; and

(B) determine on the basis of such review whether any such species should—
(i) be removed from such list;
(ii) be changed in status from an endangered species to a threatened

species; or
(iii) be changed in status from a threatened species to an endangered

species.
Each determination under subparagraph (B) shall be made in accordance with the
provisions of subsections (a) and (b).

(d) PROTECTIVE REGULATIONS.—Whenever any species is listed as a threatened spe-
cies pursuant to subsection (c) of this section, the Secretary shall issue such regula-
tions as he deems necessary and advisable to provide for the conservation of such
species. The Secretary may by regulation prohibit with respect to any threatened
species any act prohibited under section 9(a)(1), in the case of fish or wildlife, or
section 9(a)(2), in the case of plants, with respect to endangered species; except that
with respect to the taking of resident species of fish or wildlife, such regulations
shall apply in any State which has entered into a cooperative agreement pursuant to
section 6(c) of this Act only to the extent that such regulations have also been adopted
by such State.

(e) SIMILARITY OF APPEARANCE CASES.—The Secretary may, by regulation of com-
merce or taking, and to the extent he deems advisable, treat any species as an en-
dangered species or threatened species even though it is not listed pursuant to sec-
tion 4 of this Act if he finds that—

(A) such species so closely resembles in appearance, at the point in ques-
tion, a species which has been listed pursuant to such section that enforce-
ment personnel would have substantial difficulty in attempting to differenti-
ate between the listed and unlisted species;

(B) the effect of this substantial difficulty is an additional threat to an en-
dangered or threatened species; and

(C) such treatment of an unlisted species will substantially facilitate the en-
forcement and further the policy of this Act.

(f)(1)  RECOVERY PLANS.—The Secretary shall develop and implement plans (here-
inafter in this subsection referred to as “recovery plans”) for the conservation and
survival of endangered species and threatened species listed pursuant to this sec-
tion, unless he finds that such a plan will not promote the conservation of the spe-
cies. The Secretary, in developing and implementing recovery plans, shall, to the
maximum extent practicable—

(A) give priority to those endangered species or threatened species, without
regard to taxonomic classification, that are most likely to benefit from such
plans, particularly those species that are, or may be, in conflict with construc-
tion or other development projects or other forms of economic activity;

(B) incorporate in each plan—
(i) a description of such site-specific management actions as may be

necessary to achieve the plan’s goal for the conservation and survival of
the species;

(ii) objective, measurable criteria which, when met, would result in a
determination, in accordance with the provisions of this section, that the
species be removed from the list; and
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(iii) estimates of the time required and the cost to carry out those mea-
sures needed to achieve the plan’s goal and to achieve intermediate steps
toward that goal.

(2) The Secretary, in developing and implementing recovery plans, may procure
the services of appropriate public and private agencies and institutions, and other
qualified persons. Recovery teams appointed pursuant to this subsection shall not
be subject to the Federal Advisory Committee Act.

(3) The Secretary shall report every two years to the Committee on Environment
and Public Works of the Senate and the Committee on Merchant Marine and Fish-
eries of the House of Representatives on the status of efforts to develop and imple-
ment recovery plans for all species listed pursuant to this section and on the status
of all species for which such plans have been developed.

(4) The Secretary shall, prior to final approval of a new or revised recovery plan,
provide public notice and an opportunity for public review and comment on such
plan. The Secretary shall consider all information presented during the public com-
ment period prior to approval of the plan.

(5) Each Federal agency shall, prior to implementation of a new or revised recov-
ery plan, consider all information presented during the public comment period un-
der paragraph (4).

(g) MONITORING.—(1) The Secretary shall implement a system in cooperation with
the States to monitor effectively for not less than five years the status of all species
which have recovered to the point at which the measures provided pursuant to this
Act are no longer necessary and which, in accordance with the provisions of this
section, have been removed from either of the lists published under subsection (c).

(2) The Secretary shall make prompt use of the authority under paragraph 7 of
subsection (b) of this section to prevent a significant risk to the well being of any
such recovered species.

(h) AGENCY GUIDELINES.—The Secretary shall establish, and publish in the Fed-
eral Register, agency guidelines to insure that the purposes of this section are achieved
efficiently and effectively. Such guidelines shall include, but are not limited to—

(1) procedures for recording the receipt and the disposition of petitions sub-
mitted under subsection (b)(3) of this section;

(2) criteria for making the findings required under such subsection with
respect to petitions;

(3) a ranking system to assist in the identification of species that should
receive priority review under subsection (a)(1) of this section; and

(4) a system for developing and implementing, on a priority basis, recovery
plans under subsection (f) of this section. The Secretary shall provide to the
public notice of, and opportunity to submit written comments on, any guide-
line (including any amendment thereto) proposed to be established under this
subsection.

(i) If, in the case of any regulation proposed by the Secretary under the authority
of this section, a State agency to which notice thereof was given in accordance with
subsection (b)(5)(A)(ii) files comments disagreeing with all or part of the proposed
regulation, and the Secretary issues a final regulation which is in conflict with such
comments, or if the Secretary fails to adopt a regulation pursuant to an action peti-
tioned by a State agency under subsection (b)(3), the Secretary shall submit to the
State agency a written justification for his failure to adopt regulations consistent with
the agency’s comments or petition.
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LAND  ACQUISITION

SEC. 5. (a) PROGRAM.—The Secretary, and the Secretary of Agriculture with re-
spect to the National Forest System, shall establish and implement a program to
conserve fish, wildlife, and plants, including those which are listed as endangered
species or threatened species pursuant to section 4 of this Act. To carry out such a
program, the appropriate Secretary—

(1) shall utilize the land acquisition and other authority under the Fish and
Wildlife Act of 1956, as amended, the Fish and Wildlife Coordination Act, as
amended, and the Migratory Bird Conservation Act, as appropriate; and

(2) is authorized to acquire by purchase, donation, or otherwise, lands, wa-
ters, or interests therein, and such authority shall be in addition to any other
land acquisition authority vested in him.

(b) ACQUISITIONS.—Funds made available pursuant to the Land and Water Con-
servation Fund Act of 1965, as amended, may be used for the purpose of acquiring
lands, waters, or interest therein under subsection (a) of this section.

COOPERATION WITH THE STATES

SEC. 6. (a) GENERAL.—In carrying out the program authorized by this Act, the
Secretary shall cooperate to the maximum extent practicable with the States. Such
cooperation shall include consultation with the States concerned before acquiring
any land or water, or interest therein, for the purpose of conserving any endangered
species or threatened species.

(b) MANAGEMENT AGREEMENTS.—The Secretary may enter into agreements with
any State for the administration and management of any area established for the
conservation of endangered species or threatened species. Any revenues derived
from the administration of such areas under these agreements shall be subject to
the provisions of section 401 of the Act of June 15, 1935 (49 Stat.  383; 16 U.S.C.
715s).

(c) COOPERATIVE AGREEMENTS.—(1) In furtherance of the purposes of this Act, the
Secretary is authorized to enter into a cooperative agreement in accordance with
this section with any State which establishes and maintains an adequate and active
program for the conservation of endangered species and threatened species. Within
one hundred and twenty days after the Secretary receives a certified copy of such a
proposed State program, he shall make a determination whether such program is in
accordance with this Act. Unless he determines, pursuant to this paragraph that the
State program is not in accordance with this Act, he shall enter into a cooperative
agreement with the State for the purpose of assisting in implementation of the State
program. In order for a State program to be deemed an adequate and active pro-
gram for the conservation of endangered species and threatened species, the Secre-
tary must find, and annually thereafter reconfirm such finding, that under the State
program —

(A) authority resides in the State agency to conserve resident species of fish
or wildlife determined by the State agency or the Secretary to be endangered
or threatened;

(B) the State agency has established acceptable conservation programs, consis-
tent with the purposes and policies of this Act, for all resident species of fish or
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wildlife in the State which are deemed by the Secretary to be endangered or
threatened, and has furnished a copy of such plan and program together with
all pertinent details, information, and data requested to the Secretary;

(C) the State agency is authorized to conduct investigations to determine the
status and requirements for survival of resident species of fish and wildlife;

(D) the State agency is authorized to establish programs, including the acqui-
sition of land or aquatic habitat or interests therein, for the conservation of
resident endangered or threatened species of fish or wildlife; and

(E) provision is made for public participation in designating resident species
of fish or wildlife as endangered or threatened; or that under the State pro-
gram—

(i) the requirements set forth in subparagraphs (C), (D), and (E) of  this
paragraph are complied with, and

(ii) plans are included under which immediate attention will be given to
those resident species of fish and wildlife which are determined by the Sec-
retary or the State agency to be endangered or threatened and which the
Secretary and the State agency agree are most urgently in need of conser-
vation programs; except that a cooperative agreement entered into with a
State whose program is deemed adequate and active pursuant to clause (i)
and this clause shall not affect the applicability of prohibitions set forth in
or authorized pursuant to section 4(d) or section 9(a)(1) with respect to the
taking of any resident endangered or threatened species.

(2) In furtherance of the purposes of this Act, the Secretary is authorized to enter
into a cooperative agreement in accordance with this section with any State which
establishes and maintains an adequate and active program for the conservation of
endangered species and threatened species of plants. Within one hundred and twenty
days after the Secretary receives a certified copy of such a proposed State program,
he shall make a determination whether such program is in accordance with this Act.
Unless he determines, pursuant to this paragraph, that the State program is not in
accordance with this Act, he shall enter into a cooperative agreement with the State
for the purpose of assisting in implementation of the State program. In order for a
State program to be deemed an adequate and active program for the conservation
of endangered species of plants and threatened species of plants, the Secretary must
find, and annually thereafter reconfirm such finding, that under the State program—

(A) authority resides in the State agency to conserve resident species of plants
determined by the State agency or the Secretary to be endangered or threat-
ened;

(B) the State agency has established acceptable conservation programs, con-
sistent with the purposes and policies of this Act, for all resident species of plants
in the State which are deemed by the Secretary to be endangered or threat-
ened, and has furnished a copy of such plan and program together with all per-
tinent details, information, and data requested to the Secretary;

(C) the State agency is authorized to conduct investigations to determine the
status and requirements for survival of resident species of plants; and

(D) provision is made for public participation in designating resident species
of plants as endangered or threatened; or that under the State program—

(i) the requirements set forth in subparagraphs (C) and (D) of this para-
graph are complied with, and

(ii) plans are included under which immediate attention will be given to
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those resident species of plants which are determined by the Secretary or the
State agency to be endangered or threatened and which the Secretary and
the State agency agree are most urgently in need of conservation programs;
except that a cooperative agreement entered into with a State whose pro-
gram is deemed adequate and active pursuant to clause (i) and this clause
shall not affect the applicability of prohibitions set forth in or authorized
pursuant to section 4(d) or section 9(a)(1) [16 USCS § § 1533(d), 1538(a)(1)]
with respect to the taking of any resident endangered or threatened spe-
cies.

(d) ALLOCATION OF FUNDS.—(1) The Secretary is authorized to provide financial
assistance to any State, through its respective State agency, which has entered into
a cooperative agreement pursuant to subsection (c) of this section to assist in devel-
opment of programs for the conservation of endangered and threatened species or
to assist in monitoring the status of candidate species pursuant to subparagraph (C)
of section 4(b)(3) and recovered species pursuant to section 4(g). The Secretary shall
allocate each annual appropriation made in accordance with the provisions of sub-
section (i) of this section to such States based on consideration of—

(A) the international commitments of the United States to protect endangered
species or threatened species;

(B) the readiness of a State to proceed with a conservation program consis-
tent with the objectives and purposes of this Act;

(C) the number of endangered species and threatened species within a State;
(D) the potential for restoring endangered species and threatened species

within a State;
(E) the relative urgency to initiate a program to restore and protect an en-

dangered species or threatened species in terms of survival of the species;
(F) the importance of monitoring the status of candidate species within a State

to prevent a significant risk to the well being of any such species; and
(G) the importance of monitoring the status of recovered species within a State

to assure that such species do not return to the point at which the measures
provided pursuant to this Act are again necessary.

So much of the annual appropriation made in accordance with provisions of sub-
section (i) of this section allocated for obligation to any State for any fiscal year as
remains unobligated at the close thereof is authorized to be made available to that
State until the close of the succeeding fiscal year. Any amount allocated to any State
which is unobligated at the end of the period during which it is available for expen-
diture is authorized to be made available for expenditure by the Secretary in con-
ducting programs under this section.

(2) Such cooperative agreements shall provide for (A) the actions to be taken by
the Secretary and the States; (B) the benefits that are expected to be derived in
connection with the conservation of endangered or threatened species; (C) the esti-
mated cost of these actions; and (D) the share of such costs to be borne by the Fed-
eral Government and by the States; except that—

(i) the Federal share of such program costs shall not exceed 75 percent of the
estimated program cost stated in the agreement; and

(ii) the Federal share may be increased to 90 percent whenever two or more
States having a common interest in one or more endangered or threatened spe-
cies, the conservation of which may be enhanced by cooperation of such States,
enter jointly into an agreement with the Secretary.
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The Secretary may, in his discretion, and under such rules and regulations as he
may prescribe, advance funds to the State for financing the United States pro rata
share agreed upon in the cooperative agreement. For the purposes of this section,
the non-Federal share may, in the discretion of the Secretary, be in the form of money
or real property, the value of which will be determined by the Secretary, whose deci-
sion shall be final.

(e) REVIEW OF STATE PROGRAMS.—Any action taken by the Secretary under this
section shall be subject to his periodic review at no greater than annual intervals.

(f) CONFLICTS BETWEEN FEDERAL AND STATE LAWS.—Any State law or regulation
which applies with respect to the importation or exportation of, or interstate or for-
eign commerce in, endangered species or threatened species is void to the extent
that it may effectively (1) permit what is prohibited by this Act or by any regulation
which implements this Act, or (2) prohibit what is authorized pursuant to an exemp-
tion or permit provided for in this Act or in any regulation which implements this
Act. This Act shall not otherwise be construed to void any State law or regulation
which is intended to conserve migratory, resident, or introduced fish or wildlife, or
to permit or prohibit sale of such fish or wildlife. Any State law or regulation re-
specting the taking of an endangered species or threatened species may be more
restrictive than the exemptions or permits provided for in this Act or in any regula-
tion which implements this Act but not less restrictive than the prohibitions so de-
fined.

(g) TRANSITION.—(1) For purposes of this subsection, the term “establishment pe-
riod” means, with respect to any State, the period beginning on the date of enact-
ment of this Act and ending on whichever of the following dates first occurs: (A) the
date of the close of the 120-day period following the adjournment of the first regular
session of the legislature of such State which commences after such date of enact-
ment, or (B) the date of the close of the 15-month period following such date of
enactment.

(2) The prohibitions set forth in or authorized pursuant to sections 4(d) and
9(a)(1)(B) of this Act shall not apply with respect to the taking of any resident en-
dangered species or threatened species (other than species listed in Appendix I to
the Convention or otherwise specifically covered by any other treaty or Federal
law) within any state—

(A) which is then a party to a cooperative agreement with the Secretary pur-
suant to section 6(c) of this Act (except to the extent that the taking of any such
species is contrary to the law of such State); or

(B) except for any time within the establishment period when—
(i) the Secretary applies such prohibition to such species at the request of

the State, or
(ii) the Secretary applies such prohibition after he finds, and publishes

his finding, that an emergency exists posing a significant risk to the well-
being of such species and that the prohibition must be applied to protect
such species. The Secretary’s finding and publication may be made without
regard to the public hearing or comment provisions of section 553 of title 5,
United States Code, or any other provision of this Act; but such prohibition
shall expire 90 days after the date of its imposition unless the Secretary fur-
ther extends such prohibition by publishing notice and a statement of justifi-
cation of such extension.
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(h) REGULATIONS.—The Secretary is authorized to promulgate such regulations as
may be appropriate to carry out the provisions of this section relating to financial
assistance to States.

(i) APPROPRIATIONS.—(1) To carry out the provisions of this section for fiscal years
after September 30, 1988, there shall be deposited into a special fund known as the
cooperative endangered species conservation fund, to be administered by the Sec-
retary, an amount equal to 5 percent of the combined amounts covered each fiscal
year into the Federal aid to wildlife restoration fund under section 3 of the Act of
September 2, 1937, and paid, transferred, or otherwise credited each fiscal year to
the Sport Fishing Restoration Account established under 1016 of the Act of July 18,
1984.

(2) Amounts deposited into the special fund are authorized to be appropriated
annually and allocated in accordance with subsection (d) of this section.

INTERAGENCY COOPERATION

SEC. 7. (a) FEDERAL AGENCY ACTIONS AND CONSULTATIONS.—(1) The Secretary shall
review other programs administered by him and utilize such programs in further-
ance of the purposes of this Act. All other Federal agencies shall, in consultation
with and with the assistance of the Secretary, utilize their authorities in furtherance
of the purposes of this Act by carrying out programs for the conservation of endan-
gered species and threatened species listed pursuant to section 4 of this Act.

(2) Each Federal agency shall, in consultation with and with the assistance of the
Secretary, insure that any action authorized, funded, or carried out by such agency
(hereinafter in this section referred to as an “agency action”) is not likely to jeopar-
dize the continued existence of any endangered species or threatened species or
result in the destruction or adverse modification of habitat of such species which is
determined by the Secretary, after consultation as appropriate with affected States,
to be critical, unless such agency has been granted an exemption for such action by
the Committee pursuant to subsection (h) of this section. In fulfilling the require-
ments of this paragraph each agency shall use the best scientific and commercial
data available.

(3) Subject to such guidelines as the Secretary may establish, a Federal agency
shall consult with the Secretary on any prospective agency action at the request of,
and in cooperation with, the prospective permit or license applicant if the applicant
has reason to believe that an endangered species or a threatened species may be
present in the area affected by his project and that implementation of such action
will likely affect such species.

(4) Each Federal agency shall confer with the Secretary on any agency action
which is likely to jeopardize the continued existence of any species proposed to be
listed under section 4 or result in the destruction or adverse modification of critical
habitat proposed to be designated for such species. This paragraph does not require
a limitation on the commitment of resources as described in subsection (d).

(b) OPINION OF SECRETARY.—(1)(A) Consultation under subsection (a)(2) with re-
spect to any agency action shall be concluded within the 90-day period beginning on
the date on which initiated or, subject to subparagraph (B), within such other period
of time as is mutually agreeable to the Secretary and the Federal agency.

(B) In the case of an agency action involving a permit or license applicant, the Sec-
retary and the Federal agency may not mutually agree to conclude consultation within
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a period exceeding 90 days unless the Secretary, before the close of the 90th day re-
ferred to in subparagraph (A)—

(i) if the consultation period proposed to be agreed to will end before the 150th
day after the date on which consultation was initiated, submits to the applicant
a written statement setting forth—

(I) the reasons why a longer period is required,
(II) the information that is required to complete the consultation, and
(III) the estimated date on which consultation will be completed; or

(ii) if the consultation period proposed to be agreed to will end 150 or more
days after the date on which consultation was initiated, obtains the consent of
the applicant to such period.

The Secretary and the Federal agency may mutually agree to extend a consultation
period established under the preceding sentence if the Secretary, before the close of
such period, obtains the consent of the applicant to the extension.

(2) Consultation under subsection (a)(3) shall be concluded within such period as is
agreeable to the Secretary, the Federal agency, and the applicant concerned.

(3)(A) Promptly after conclusion of consultation under paragraph (2) or (3) of sub-
section (a), the Secretary shall provide to the Federal agency and the applicant, if
any, a written statement setting forth the Secretary’s opinion, and a summary of the
information on which the opinion is based, detailing how the agency action affects
the species or its critical habitat. If jeopardy or adverse modification is found, the
Secretary shall suggest those reasonable and prudent alternatives which he believes
would not violate subsection (a)(2) and can be taken by the Federal agency or appli-
cant in implementing the agency action.

(B) Consultation under subsection (a)(3), and an opinion issued by the Secretary
incident to such consultation, regarding an agency action shall be treated respec-
tively as a consultation under subsection (a)(2), and as an opinion issued after con-
sultation under such subsection, regarding that action if the Secretary reviews the
action before it is commenced by the Federal agency and finds, and notifies such
agency, that no significant changes have been made with respect to the action and
that no significant change has occurred regarding the information used during the
initial consultation.

(4) If after consultation under subsection (a)(2), the Secretary concludes that—
(A) the agency action will not violate such subsection, or offers reasonable and

prudent alternatives which the Secretary believes would not violate such sub-
section;

(B) the taking of an endangered species or a threatened species incidental to
the agency action will not violate such subsection; and

(C) if an endangered species or threatened species of a marine mammal is
involved, the taking is authorized pursuant to section 101(a)(5) of the Marine
Mammal Protection Act of 1972;

the Secretary shall provide the Federal agency and the applicant concerned, if any,
with a written statement that—

(i) specifies the impact of such incidental taking on the species,
(ii) specifies those reasonable and prudent measures that the Secretary consid-

ers necessary or appropriate to minimize such impact,
(iii) in the case of marine mammals, specifies those measures that are neces-

sary to comply with section 101(a)(5) of the Marine Mammal Protection Act of
1972 with regard to such taking, and
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(iv) sets forth the terms and conditions (including, but not limited to, reporting
requirements) that must be complied with by the Federal agency or applicant (if
any), or both, to implement the measures specified under clauses (ii) and (iii).

(c) BIOLOGICAL ASSESSMENT.—(1) To facilitate compliance with the requirements
of subsection (a)(2), each Federal agency shall, with respect to any agency action of
such agency for which no contract for construction has been entered into and for
which no construction has begun on the date of enactment of the Endangered Spe-
cies Act Amendments of 1978, request of the Secretary information whether any
species which is listed or proposed to be listed may be present in the area of such
proposed action. If the Secretary advises, based on the best scientific and commer-
cial data available, that such species may be present, such agency shall conduct a
biological assessment for the purpose of identifying any endangered species or threat-
ened species which is likely to be affected by such action. Such assessment shall be
completed within 180 days after the date on which initiated (or within such other
period as is mutually agreed to by the Secretary and such agency, except that if a
permit or license applicant is involved, the 180-day period may not be extended
unless such agency provides the applicant, before the close of such period, with a
written statement setting forth the estimated length of the proposed extension and
the reasons therefor) and, before any contract for construction is entered into and
before construction is begun with respect to such action. Such assessment may be
undertaken as part of a Federal agency’s compliance with the requirements of sec-
tion 102 of the National Environmental Policy Act of 1969 (42 U.S.C. 4332).

(2) Any person who may wish to apply for an exemption under subsection (g) of
this section for that action may conduct a biological assessment to identify any en-
dangered species or threatened species which is likely to be affected by such action.
Any such biological assessment must, however, be conducted in cooperation with the
Secretary and under the supervision of the appropriate Federal agency.

(d) LIMITATION ON COMMITMENT OF RESOURCES.—After initiation of consultation re-
quired under subsection (a)(2), the Federal agency and the permit or license appli-
cant shall not make any irreversible or irretrievable commitment of resources with
respect to the agency action which has the effect of foreclosing the formulation or
implementation of any reasonable and prudent alternative measures which would
not violate subsection (a)(2).

(e)(1) ESTABLISHMENT OF COMMITTEE.—There is established a committee to be
known as the Endangered Species Committee (hereinafter in this section referred
to as the “Committee”).

(2) The Committee shall review any application submitted to it pursuant to this
section and determine in accordance with subsection (h) of this section whether or
not to grant an exemption from the requirements of subsection (a)(2) of this section
for the action set forth in such application.

(3) The Committee shall be composed of seven members as follows:
(A) The Secretary of Agriculture.
(B) The Secretary of the Army.
(C) The Chairman of the Council of Economic Advisors.
(D) The Administrator of the Environmental Protection Agency.
(E) The Secretary of the Interior.
(F) The Administrator of the National Oceanic and Atmospheric Administra-

tion.
(G) The President, after consideration of any recommendations received pur-
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suant to subsection (g)(2)(B) shall appoint one individual from each affected State,
as determined by the Secretary, to be a member of the Committee for the con-
sideration of the application for exemption for an agency action with respect to
which such recommendations are made, not later than 30 days after an applica-
tion is submitted pursuant to this section.

(4)(A) Members of the Committee shall receive no additional pay on account of
their service on the Committee.

(B) While away from their homes or regular places of business in the performance
of services for the Committee, members of the Committee shall be allowed travel
expenses, including per diem in lieu of subsistence, in the same manner as persons
employed intermittently in the Government service are allowed expenses under sec-
tion 5703 of title 5 of the United States Code.

(5)(A) Five members of the Committee or their representatives shall constitute a
quorum for the transaction of any function of the Committee, except that, in no case
shall any representative be considered in determining the existence of a quorum for
the transaction of any function of the Committee if that function involves a vote by
the Committee on any matter before the Committee.

(B) The Secretary of the Interior shall be the Chairman of the Committee.
(C) The Committee shall meet at the call of the Chairman or five of its members.
(D) All meetings and records of the Committee shall be open to the public.
(6) Upon request of the Committee, the head of any Federal agency is authorized

to detail, on a nonreimbursable basis, any of the personnel of such agency to the
Committee to assist it in carrying out its duties under this section.

(7)(A) The Committee may for the purpose of carrying out its duties under this
section hold such hearings, sit and act at such times and places, take such testimony,
and receive such evidence, as the Committee deems advisable.

(B) When so authorized by the Committee, any member or agent of the Commit-
tee may take any action which the Committee is authorized to take by this para-
graph.

(C) Subject to the Privacy Act, the Committee may secure directly from any Fed-
eral agency information necessary to enable it to carry out its duties under this
section. Upon request of the Chairman of the Committee, the head of such Federal
agency shall furnish such information to the Committee.

(D) The Committee may use the United States mails in the same manner and upon
the same conditions as a Federal agency.

(E) The Administrator of General Services shall provide to the Committee on a
reimbursable basis such administrative support services as the Committee may re-
quest.

(8) In carrying out its duties under this section, the Committee may promulgate
and amend such rules, regulations, and procedures, and issue and amend such or-
ders as it deems necessary.

(9) For the purpose of obtaining information necessary for the consideration of an
application for an exemption under this section the Committee may issue subpoenas
for the attendance and testimony of witnesses and the production of relevant papers,
books, and documents.

(10) In no case shall any representative, including a representative of a member
designated pursuant to paragraph (3)(G) of this subsection, be eligible to cast a vote
on behalf of any member.

(f) REGULATIONS.—Not later than 90 days after the date of enactment of the En-
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dangered Species Act Amendments of 1978, the Secretary shall promulgate regula-
tions which set forth the form and manner in which applications for exemption shall
be submitted to the Secretary and the information to be contained in such applica-
tions. Such regulations shall require that information submitted in an application by
the head of any Federal agency with respect to any agency action include, but not be
limited to —

(1) a description of the consultation process carried out pursuant to subsec-
tion (a)(2) of this section between the head of the Federal agency and the Secre-
tary; and

(2) a statement describing why such action cannot be altered or modified to
conform with the requirements of subsection (a)(2) of this section.

(g) APPLICATION FOR EXEMPTION AND REPORT TO THE COMMITTEE.—(1) A Federal
agency, the Governor of the State in which an agency action will occur, if any, or a
permit or license applicant may apply to the Secretary for an exemption for an
agency action of such agency if, after consultation under subsection (a)(2), the
Secretary’s opinion under subsection (b) indicates that the agency action would vio-
late subsection (a)(2). An application for an exemption shall be considered initially
by the Secretary in the manner provided for in this subsection, and shall be consid-
ered by the Committee for a final determination under subsection (h) after a report
is made pursuant to paragraph (5). The applicant for an exemption shall be referred
to as the “exemption applicant” in this section.

(2)(A) An exemption applicant shall submit a written application to the Secretary,
in a form prescribed under subsection (f), not later than 90 days after the comple-
tion of the consultation process; except that, in the case of any agency action involv-
ing a permit or license applicant, such application shall be submitted not later than
90 days after the date on which the Federal agency concerned takes final agency
action with respect to the issuance of the permit or license. For purposes of the
preceding sentence, the term “final agency action” means (i) a disposition by an
agency with respect to the issuance of a permit or license that is subject to adminis-
trative review, whether or not such disposition is subject to judicial review; or (ii) if
administrative review is sought with respect to such disposition, the decision result-
ing after such review. Such application shall set forth the reasons why the exemp-
tion applicant considers that the agency action meets the requirements for an ex-
emption under this subsection.

(B) Upon receipt of an application for exemption for an agency action under para-
graph (1), the Secretary shall promptly (i) notify the Governor of each affected State,
if any, as determined by the Secretary, and request the Governors so notified to
recommend individuals to be appointed to the Endangered Species Committee for
consideration of such application; and (ii) publish notice of receipt of the application
in the Federal Register, including a summary of the information contained in the
application and a description of the agency action with respect to which the applica-
tion for exemption has been filed.

(3) The Secretary shall within 20 days after the receipt of an application for exemp-
tion, or within such other period of time as is mutually agreeable to the exemption
applicant and the Secretary—

(A) determine that the Federal agency concerned and the exemption applicant
have—

(i) carried out the consultation responsibilities described in subsection (a)
in good faith and made a reasonable and responsible effort to develop and
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fairly consider modifications or reasonable and prudent alternatives to the
proposed agency action which would not violate subsection (a)(2);

(ii) conducted any biological assessment required by subsection (c); and
(iii) to the extent determinable within the time provided herein, refrained

from making any irreversible or irretrievable commitment of resources pro-
hibited by subsection (d); or

(B) deny the application for exemption because the Federal agency concerned
or the exemption applicant have not met the requirements set forth in subpara-
graph (A)(i), (ii), and (iii).

The denial of an application under subparagraph (B) shall be considered final agency
action for purposes of chapter 7 of title 5, United States Code.

(4) If the Secretary determines that the Federal agency concerned and the ex-
emption applicant have met the requirements set forth in paragraph (3)(A)(i), (ii),
and (iii) he shall, in consultation with the Members of the Committee, hold a hearing
on the application for exemption in accordance with sections 554, 555, and 556 (other
than subsection (b)(1) and (2) thereof) of title 5, United States Code, and prepare
the report to be submitted pursuant to paragraph (5).

(5) Within 140 days after making the determinations under paragraph (3) or within
such other period of time as is mutually agreeable to the exemption applicant and
the Secretary, the Secretary shall submit to the Committee a report discussing—

(A) the availability of reasonable and prudent alternatives to the agency ac-
tion, and the nature and extent of the benefits of the agency action and of alter-
native courses of action consistent with conserving the species or the critical
habitat;

(B) a summary of the evidence concerning whether or not the agency action is
in the public interest and is of national or regional significance;

(C) appropriate reasonable mitigation and enhancement measures which
should be considered by the Committee; and

(D) whether the Federal agency concerned and the exemption applicant re-
frained from making any irreversible or irretrievable commitment of resources
prohibited by subsection (d).

(6) To the extent practicable within the time required for action under subsection
(g) of this section, and except to the extent inconsistent with the requirements of this
section, the consideration of any application for an exemption under this section and
the conduct of any hearing under this subsection shall be in accordance with sec-
tions 554, 555, and 556 (other than subsection (b)(3) of section 556) of title 5, United
States Code.

(7) Upon request of the Secretary, the head of any Federal agency is authorized to
detail, on a nonreimbursable basis, any of the personnel of such agency to the Secre-
tary to assist him in carrying out his duties under this section.

(8) All meetings and records resulting from activities pursuant to this subsection
shall be open to the public.

(h) EXEMPTION.—(1) The Committee shall make a final determination whether or
not to grant an exemption within 30 days after receiving the report of the Secretary
pursuant to subsection (g)(5). The Committee shall grant an exemption from the re-
quirements of subsection (a)(2) for an agency action if, by a vote of not less than five of
its members voting in person—

(A) it determines on the record, based on the report of the Secretary, the
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record of the hearing held under subsection (g)(4) and on such other testimony or
evidence as it may receive, that—

(i) there are no reasonable and prudent alternatives to the agency action;
(ii) the benefits of such action clearly outweigh the benefits of alternative

courses of action consistent with conserving the species or its critical habi-
tat, and such action is in the public interest;

(iii) the action is of regional or national significance; and
(iv) neither the Federal agency concerned nor the exemption applicant

made any irreversible or irretrievable commitment of resources prohibited
by subsection (d); and

(B) it establishes such reasonable mitigation and enhancement measures, in-
cluding, but not limited to, live propagation, transplantation, and habitat acqui-
sition and improvement, as are necessary and appropriate to minimize the ad-
verse effects of the agency action upon the endangered species, threatened species,
or critical habitat concerned.

Any final determination by the Committee under this subsection shall be consid-
ered final agency action for purposes of chapter 7 of title 5 of the United States
Code.

(2)(A) Except as provided in subparagraph (B), an exemption for an agency action
granted under paragraph (1) shall constitute a permanent exemption with respect
to all endangered or threatened species for the purposes of completing such agency
action—

(i) regardless whether the species was identified in the biological assessment;
and

(ii) only if a biological assessment has been conducted under subsection (c)
with respect to such agency action.

(B) An exemption shall be permanent under subparagraph (A) unless—
(i) the Secretary finds, based on the best scientific and commercial data avail-

able, that such exemption would result in the extinction of a species that was not
the subject of consultation under subsection (a)(2) or was not identified in any
biological assessment conducted under subsection (c), and

(ii) the Committee determines within 60 days after the date of the Secretary’s
finding that the exemption should not be permanent.

If the Secretary makes a finding described in clause (i), the Committee shall meet
with respect to the matter within 30 days after the date of the finding.

(i) REVIEW BY SECRETARY OF STATE.—Notwithstanding any other provision of this
Act, the Committee shall be prohibited from considering for exemption any applica-
tion made to it, if the Secretary of State, after a review of the proposed agency
action and its potential implications, and after hearing, certifies, in writing, to the
Committee within 60 days of any application made under this section that the grant-
ing of any such exemption and the carrying out of such action would be in violation
of an international treaty obligation or other international obligation of the United
States. The Secretary of State shall, at the time of such certification, publish a copy
thereof in the Federal Register.

(j) Notwithstanding any other provision of this Act, the Committee shall grant an
exemption for any agency action if the Secretary of Defense finds that such exemp-
tion is necessary for reasons of national security.

(k) SPECIAL PROVISIONS.—An exemption decision by the Committee under this
section shall not be a major Federal action for purposes of the National Environ-
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mental Policy Act of 1969 (42 U.S.C. 4321 et seq.): Provided, That an environmental
impact statement which discusses the impacts upon endangered species or threat-
ened species or their critical habitats shall have been previously prepared with
respect to any agency action exempted by such order.

(l) COMMITTEE ORDERS.—(1) If the Committee determines under subsection (h)
that an exemption should be granted with respect to any agency action, the
Committee shall issue an order granting the exemption and specifying the mitiga-
tion and enhancement measures established pursuant to subsection (h) which shall
be carried out and paid for by the exemption applicant in implementing the
agency action. All necessary mitigation and enhancement measures shall be
authorized prior to the implementing of the agency action and funded concur-
rently with all other project features.

(2) The applicant receiving such exemption shall include the costs of such
mitigation and enhancement measures within the overall costs of continuing the
proposed action. Notwithstanding the preceding sentence the costs of such
measures shall not be treated as project costs for the purpose of computing
benefit-cost or other ratios for the proposed action. Any applicant may request
the Secretary to carry out such mitigation and enhancement measures. The costs
incurred by the Secretary in carrying out any such measures shall be paid by the
applicant receiving the exemption. No later than one year after the granting of an
exemption, the exemption applicant shall submit to the Council on Environmental
Quality a report describing its compliance with the mitigation and enhancement
measures prescribed by this section. Such a report shall be submitted annually
until all such mitigation and enhancement measures have been completed. Notice
of the public availability of such reports shall be published in the Federal Register
by the Council on Environmental Quality.

(m) NOTICE.—The 60-day notice requirement of section 11(g) of this Act shall not
apply with respect to review of any final determination of the Committee under
subsection (h) of this section granting an exemption from the requirements of sub-
section (a)(2) of this section.

(n) JUDICIAL REVIEW. —Any person, as defined by section 3(13) of this Act, may
obtain judicial review, under chapter 7 of title 5 of the United States Code, of any
decision of the Endangered Species Committee under subsection (h) in the United
States Court of Appeals for (1) any circuit wherein the agency action concerned will
be, or is being, carried out, or (2) in any case in which the agency action will be, or is
being, carried out outside of any circuit, the District of Columbia, by filing in such
court within 90 days after the date of issuance of the decision, a written petition for
review. A copy of such petition shall be transmitted by the clerk of the court to the
Committee and the Committee shall file in the court the record in the proceeding, as
provided in section 2112, of title 28, United States Code. Attorneys designated by
the Endangered Species Committee may appear for, and represent the Committee
in any action for review under this subsection.

(o) Notwithstanding sections 4(d) and 9(a)(1)(B) and (C), sections 101 and 102 of
the Marine Mammal Protection Act of 1972, or any regulation promulgated to imple-
ment any such section—

(1) any action for which an exemption is granted under subsection (h) shall not
be considered to be a taking of any endangered species or threatened species with
respect to any activity which is necessary to carry out such action; and

(2) any taking that is in compliance with the terms and conditions specified in



23

a written statement provided under subsection (b)(4)(iv) shall not be considered
to be a prohibited taking of the species concerned.

(p) EXEMPTIONS IN PRESIDENTIALLY DECLARED DISASTER AREAS.—In any area which
has been declared by the President to be a major disaster area under the Disaster
Relief and Emergency Assistance Act, the President is authorized to make the de-
terminations required by subsections (g) and (h) of this section for any project for
the repair or replacement of a public facility substantially as it existed prior to the
disaster under section 405 or 406 of the Disaster Relief and Emergency Assistance
Act, and which the President determines (1) is necessary to prevent the recurrence
of such a natural disaster and to reduce the potential loss of human life, and (2) to
involve an emergency situation which does not allow the ordinary procedures of this
section to be followed. Notwithstanding any other provision of this section, the Com-
mittee shall accept the determinations of the President under this subsection.

INTERNATIONAL COOPERATION

SEC. 8. (a) FINANCIAL ASSISTANCE.—As a demonstration of the commitment of the
United States to the worldwide protection of endangered species and threatened
species, the President may, subject to the provisions of section 1415 of the Supple-
mental Appropriation Act, 1953 (31 U.S.C. 724), use foreign currencies accruing to
the United States Government under the Agricultural Trade Development and As-
sistance Act of 1954 or any other law to provide to any foreign country (with its
consent) assistance in the development and management of programs in that coun-
try which the Secretary determines to be necessary or useful for the conservation of
any endangered species or threatened species listed by the Secretary pursuant to
section 4 of this Act. The President shall provide assistance (which includes, but is
not limited to, the acquisition, by lease or otherwise, of lands, waters, or interests
therein) to foreign countries under this section under such terms and conditions as
he deems appropriate. Whenever foreign currencies are available for the provision
of assistance under this section, such currencies shall be used in preference to funds
appropriated under the authority of section 15 of this Act.

(b) ENCOURAGEMENT OF FOREIGN PROGRAMS.—In order to carry out further the
provisions of this Act, the Secretary, through the Secretary of State, shall encour-
age—

(1) foreign countries to provide for the conservation of fish or wildlife and
plants including endangered species and threatened species listed pursuant to
section 4 of this Act;

(2) the entering into of bilateral or multilateral agreements with foreign coun-
tries to provide for such conservation; and

(3) foreign persons who directly or indirectly take fish or wildlife or plants in
foreign countries or on the high seas for importation into the United States for
commercial or other purposes to develop and carry out with such assistance as
he may provide, conservation practices designed to enhance such fish or wildlife
or plants and their habitat.

(c) PERSONNEL.—After consultation with the Secretary of State, the Secretary may—
(1) assign or otherwise make available any officer or employee of his depart-

ment for the purpose of cooperating with foreign countries and international or-
ganizations in developing personnel resources and programs which promote the
conservation of fish or wildlife or plants; and
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(2) conduct or provide financial assistance for the educational training of for-
eign personnel, in this country or abroad, in fish, wildlife, or plant management,
research and law enforcement and to render professional assistance abroad in
such matters.

(d) INVESTIGATIONS.—After consultation with the Secretary of State and the Sec-
retary of the Treasury, as appropriate, the Secretary may conduct or cause to be
conducted such law enforcement investigations and research abroad as he deems
necessary to carry out the purposes of this Act.

CONVENTION IMPLEMENTATION

SEC. 8A. (a) MANAGEMENT AUTHORITY AND SCIENTIFIC AUTHORITY.—The Secretary
of the Interior (hereinafter in this section referred to as the “Secretary”) is desig-
nated as the Management Authority and the Scientific Authority for purposes of the
Convention and the respective functions of each such Authority shall be carried out
through the United States Fish and Wildlife Service.

(b) MANAGEMENT AUTHORITY FUNCTIONS.—The Secretary shall do all things neces-
sary and appropriate to carry out the functions of the Management Authority un-
der the Convention.

(c) SCIENTIFIC AUTHORITY FUNCTIONS.—(1) The Secretary shall do all things neces-
sary and appropriate to carry out the functions of the Scientific Authority under the
Convention.

(2) The Secretary shall base the determinations and advice given by him under
Article IV of the Convention with respect to wildlife upon the best available biologi-
cal information derived from professionally accepted wildlife management practices;
but is not required to make, or require any State to make, estimates of population
size in making such determinations or giving such advice.

(d) RESERVATIONS BY THE UNITED STATES UNDER CONVENTION.—If the United States
votes against including any species in Appendix I or II of the Convention and does
not enter a reservation pursuant to paragraph (3) of Article XV of the Convention
with respect to that species, the Secretary of State, before the 90th day after the last
day on which such a reservation could be entered, shall submit to the Committee on
Merchant Marine and Fisheries of the House of Representatives, and to the Com-
mittee on the Environment and Public Works of the Senate, a written report setting
forth the reasons why such a reservation was not entered.

(e) WILDLIFE PRESERVATION IN WESTERN HEMISPHERE.—(1) The Secretary of the
Interior (hereinafter in this subsection referred to as the “Secretary”), in coopera-
tion with the Secretary of State, shall act on behalf of, and represent, the United
States in all regards as required by the Convention on Nature Protection and Wild-
life Preservation in the Western Hemisphere (56 Stat. 1354, T.S. 982, hereinafter in
this subsection referred to as the “Western Convention”). In the discharge of these
responsibilities, the Secretary and the Secretary of State shall consult with the Secre-
tary of Agriculture, the Secretary of Commerce, and the heads of other agencies with
respect to matters relating to or affecting their areas of responsibility.

(2) The Secretary and the Secretary of State shall, in cooperation with the con-
tracting parties to the Western Convention and, to the extent feasible and appropri-
ate, with the participation of State agencies, take such steps as are necessary to imple-
ment the Western Convention. Such steps shall include, but not be limited to—

(A) cooperation with contracting parties and international organizations for



25

the purpose of developing personnel resources and programs that will facilitate
implementation of the Western Convention.

(B) identification of those species of birds that migrate between the United
States and other contracting parties, and the habitats upon which those species
depend, and the implementation of cooperative measures to ensure that such
species will not become endangered or threatened; and

(C) identification of measures that are necessary and appropriate to imple-
ment those provisions of the Western Convention which address the protection
of wild plants.

(3) No later than September 30, 1985, the Secretary and the Secretary of State
shall submit a report to Congress describing those steps taken in accordance with
the requirements of this subsection and identifying the principal remaining actions
yet necessary for comprehensive and effective implementation of the Western Con-
vention.

(4) The provisions of this subsection shall not be construed as affecting the au-
thority, jurisdiction, or responsibility of the several States to manage, control, or
regulate resident fish or wildlife under State law or regulations.

PROHIBITED ACTS

SEC. 9. (a) GENERAL.—(1) Except as provided in sections 6(g)(2) and 10 of this Act,
with respect to any endangered species of fish or wildlife listed pursuant to section 4
of this Act it is unlawful for any person subject to the jurisdiction of the United
States to—

(A) import any such species into, or export any such species from the United
States;

(B) take any such species within the United States or the territorial sea of the
United States;

(C) take any such species upon the high seas;
(D) possess, sell, deliver, carry, transport, or ship, by any means whatsoever,

any such species taken in violation of subparagraphs (B) and (C);
(E) deliver, receive, carry, transport, or ship in interstate or foreign commerce,

by any means whatsoever and in the course of a commercial activity, any such
species;

(F) sell or offer for sale in interstate or foreign commerce any such species; or
(G) violate any regulation pertaining to such species or to any threatened spe-

cies of fish or wildlife listed pursuant to section 4 of this Act and promulgated by
the Secretary pursuant to authority provided by this Act.

(2) Except as provided in sections 6(g)(2) and 10 of this Act, with respect to any
endangered species of plants listed pursuant to section 4 of this Act, it is unlawful for
any person subject to the jurisdiction of the United States to—

(A) import any such species into, or export any such species from, the United
States;

(B) remove and reduce to possession any such species from areas under Federal
jurisdiction; maliciously damage or destroy any such species on any such area; or
remove, cut, dig up, or damage or destroy any such species on any other area in
knowing violation of any law or regulation of any State or in the course of any
violation of a State criminal trespass law;
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(C) deliver, receive, carry, transport, or ship in interstate or foreign commerce,
by any means whatsoever and in the course of a commercial activity, any such
species;

(D) sell or offer for sale in interstate or foreign commerce any such species; or
(E) violate any regulation pertaining to such species or to any threatened

species of plants listed pursuant to section 4 of this Act and promulgated by the
Secretary pursuant to authority provided by this Act.

(b)(1) SPECIES HELD IN CAPTIVITY OR CONTROLLED ENVIRONMENT.—The provisions
of subsections (a)(1)(A) and (a)(1)(G) of this section shall not apply to any fish or
wildlife which was held in captivity or in a controlled environment on (A) December
28, 1973, or (B) the date of the publication in the Federal Register of a final regula-
tion adding such fish or wildlife species to any list published pursuant to subsection
(c) of section 4 of this Act: Provided, That such holding and any subsequent holding
or use of the fish or wildlife was not in the course of a commercial activity. With
respect to any act prohibited by subsections (a)(1)(A) and (a)(1)(G) of this section
which occurs after a period of 180 days from (i) December 28, 1973, or (ii) the date of
publication in the Federal Register of a final regulation adding such fish or wildlife
species to any list published pursuant to subsection (c) of section 4 of this Act, there
shall be a rebuttable presumption that the fish or wildlife involved in such act is not
entitled to the exemption contained in this subsection.

(2)(A) The provisions of subsection (a)(1) shall not apply to—
(i) any raptor legally held in captivity or in a controlled environment on the

effective date of the Endangered Species Act Amendments of 1978; or
(ii) any progeny of any raptor described in clause (i); until such time as any

such raptor or progeny is intentionally returned to a wild state.
(B) Any person holding any raptor or progeny described in subparagraph (A)

must be able to demonstrate that the raptor or progeny does, in fact, qualify under
the provisions of this paragraph, and shall maintain and submit to the Secretary, on
request, such inventories, documentation, and records as the Secretary may by regu-
lation require as being reasonably appropriate to carry out the purposes of this
paragraph. Such requirements shall not unnecessarily duplicate the requirements
of other rules and regulations promulgated by the Secretary.

(c) VIOLATION OF CONVENTION.—(1) It is unlawful for any person subject to the
jurisdiction of the United States to engage in any trade in any specimens contrary
to the provisions of the Convention, or to possess any specimens traded contrary to
the provisions of the Convention, including the definitions of terms in article I thereof.

(2) Any importation into the United States of fish or wildlife shall, if —
(A) such fish or wildlife is not an endangered species listed pursuant to section

4 of this Act but is listed in Appendix II to the Convention,
(B) the taking and exportation of such fish or wildlife is not contrary to the

provisions of the Convention and all other applicable requirements of the Con-
vention have been satisfied,

(C) the applicable requirements of subsections (d), (e), and (f) of this section
have been satisfied, and

(D) such importation is not made in the course of a commercial activity, be
presumed to be an importation not in violation of any provision of this Act or any
regulation issued pursuant to this Act.

(d) IMPORTS AND EXPORTS.—
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(1) IN GENERAL.—It is unlawful for any person, without first having obtained
permission from the Secretary, to engage in business—

(A) as an importer or exporter of fish or wildlife (other than shellfish and
fishery products which (i) are not listed pursuant to section 4 of this Act as
endangered species or threatened species, and (ii) are imported for pur-
poses of human or animal consumption or taken in waters under the juris-
diction of  the United States or on the high seas for recreational purposes)
or plants; or

(B) as an importer or exporter of any amount of raw or worked African
elephant ivory.

(2) REQUIREMENTS.—Any person required to obtain permission under para-
graph (1) of this subsection shall—

(A) keep such records as will fully and correctly disclose each importation
or exportation of fish, wildlife, plants, or African elephant ivory made by
him and the subsequent disposition made by him with respect to such fish,
wildlife, plants, or ivory;

(B) at all reasonable times upon notice by a duly authorized representa-
tive of the Secretary, afford such representative access to his place of busi-
ness, an opportunity to examine his inventory of imported fish, wildlife,
plants, or African elephant ivory and the records required to be kept under
subparagraph (A) of this paragraph, and to copy such records; and

(C) file such reports as the Secretary may require.
(3) REGULATIONS.—The Secretary shall prescribe such regulations as are nec-

essary and appropriate to carry out the purposes of this subsection.
(4) RESTRICTION ON CONSIDERATION OF VALUE OR AMOUNT OF AFRICAN ELEPHANT

IVORY IMPORTED OR EXPORTED.—In granting permission under this subsection
for importation or exportation of African elephant ivory, the Secretary shall not
vary the requirements for obtaining such permission on the basis of the value or
amount of ivory imported or exported under such permission.

(e) REPORTS.—It is unlawful for any person importing or exporting fish or wildlife
(other than shellfish and fishery products which (1) are not listed pursuant to sec-
tion 4 of this Act as endangered or threatened species, and (2) are imported for
purposes of human or animal consumption or taken in waters under the jurisdiction
of the United States or on the high seas for recreational purposes) or plants to fail to
file any declaration or report as the Secretary deems necessary to facilitate enforce-
ment of this Act or to meet the obligations of the Convention.

(f) DESIGNATION OF PORTS.— (1) It is unlawful for any person subject to the juris-
diction of the United States to import into or export from the United States any fish
or wildlife (other than shellfish and fishery products which (A) are not listed pursu-
ant to section 4 of this Act as endangered species or threatened species, and (B) are
imported for purposes of human or animal consumption or taken in waters under
the jurisdiction of the United States or on the high seas for recreational purposes)
or plants, except at a port or ports designated by the Secretary of the Interior. For
the purpose of facilitating enforcement of this Act and reducing the costs thereof, the
Secretary of the Interior, with approval of the Secretary of the Treasury and after
notice and opportunity for public hearing, may, by regulation, designate ports and
change such designations. The Secretary of the Interior, under such terms and condi-
tions as he may prescribe, may permit the importation or exportation at nondesignated
ports in the interest of the health or safety of the fish or wildlife or plants, or for other
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reasons if, in his discretion, he deems it appropriate and consistent with the purpose
of this subsection.

(2) Any port designated by the Secretary of the Interior under the authority of
section 4(d) of the Act of December 5, 1969 (16 U.S.C. 666cc-4(d)), shall, if such
designation is in effect on the day before the date of the enactment of this Act, be
deemed to be a port designated by the Secretary under paragraph (1) of this sub-
section until such time as the Secretary otherwise provides.

(g) VIOLATIONS.—It is unlawful for any person subject to the jurisdiction of the
United States to attempt to commit, solicit another to commit, or cause to be com-
mitted, any offense defined in this section.

EXCEPTIONS

SEC. 10. (a) PERMITS.—(1) The Secretary may permit, under such terms and con-
ditions as he shall prescribe—

(A) any act otherwise prohibited by section 9 for scientific purposes or to en-
hance the propagation or survival of the affected species, including, but not lim-
ited to, acts necessary for the establishment and maintenance of experimental
populations pursuant to subsection (j); or

(B) any taking otherwise prohibited by section 9(a)(1)(B) if such taking is inci-
dental to, and not the purpose of, the carrying out of an otherwise lawful activ-
ity.

(2)(A) No permit may be issued by the Secretary authorizing any taking referred
to in paragraph (1)(B) unless the applicant therefor submits to the Secretary a con-
servation plan that specifies—

(i) the impact which will likely result from such taking;
(ii) what steps the applicant will take to minimize and mitigate such impacts,

and the funding that will be available to implement such steps;
(iii) what alternative actions to such taking the applicant considered and the

reasons why such alternatives are not being utilized; and
(iv) such other measures that the Secretary may require as being necessary

or appropriate for purposes of the plan.
(B) If the Secretary finds, after opportunity for public comment, with respect to a

permit application and the related conservation plan that—
(i) the taking will be incidental;
(ii) the applicant will, to the maximum extent practicable, minimize and miti-

gate the impacts of such taking;
(iii) the applicant will ensure that adequate funding for the plan will be pro-

vided;
(iv) the taking will not appreciably reduce the likelihood of the survival and

recovery of the species in the wild; and
(v) the measures, if any, required under subparagraph (A)(iv) will be met;

and he has received such other assurances as he may require that the plan will be
implemented, the Secretary shall issue the permit. The permit shall contain such terms
and conditions as the Secretary deems necessary or appropriate to carry out the pur-
poses of this paragraph, including, but not limited to, such reporting requirements as
the Secretary deems necessary for determining whether such terms and conditions
are being complied with.
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(C) The Secretary shall revoke a permit issued under this paragraph if he finds that
the permittee is not complying with the terms and conditions of the permit.

(b) HARDSHIP EXEMPTIONS.—(1) If any person enters into a contract with respect
to a species of fish or wildlife or plant before the date of the publication in the Fed-
eral Register of notice of consideration of that species as an endangered species and
the subsequent listing of that species as an endangered species pursuant to section
4 of this Act will cause undue economic hardship to such person under the contract,
the Secretary, in order to minimize such hardship, may exempt such person from
the application of section 9(a) of this Act to the extent the Secretary deems appro-
priate if such person applies to him for such exemption and includes with such appli-
cation such information as the Secretary may require to prove such hardship; ex-
cept that (A) no such exemption shall be for a duration of more than one year from
the date of publication in the Federal Register of notice of consideration of the spe-
cies concerned, or shall apply to a quantity of fish or wildlife or plants in excess of
that specified by the Secretary; (B) the one-year period for those species of fish or
wildlife listed by the Secretary as endangered prior to the effective date of this Act
shall expire in accordance with the terms of section 3 of the Act of December 5, 1969
(83 Stat. 275); and (C) no such exemption may be granted for the importation or
exportation of a specimen listed in Appendix I of the Convention which is to be used
in a commercial activity.

(2) As used in this subsection, the term “undue economic hardship” shall include,
but not be limited to:

(A) substantial economic loss resulting from inability caused by this Act to
perform contracts with respect to species of fish and wildlife entered into prior
to the date of publication in the Federal Register of a notice of consideration of
such species as an endangered species;

(B) substantial economic loss to persons who, for the year prior to the notice
of consideration of such species as an endangered species, derived a substantial
portion of their income from the lawful taking of any listed species, which tak-
ing would be made unlawful under this Act; or

(C) curtailment of subsistence taking made unlawful under this Act by per-
sons (i) not reasonably able to secure other sources of subsistence; and (ii) de-
pendent to a substantial extent upon hunting and fishing for subsistence; and
(iii) who must engage in such curtailed taking for subsistence purposes.

(3) The Secretary may make further requirements for a showing of undue eco-
nomic hardship as he deems fit. Exceptions granted under this section may be lim-
ited by the Secretary in his discretion as to time, area, or other factor of applicabil-
ity.

(c) NOTICE AND REVIEW.—The Secretary shall publish notice in the Federal Regis-
ter of each application for an exemption or permit which is made under this section.
Each notice shall invite the submission from interested parties, within thirty days
after the date of the notice, of written data, views, or arguments with respect to the
application; except that such thirty-day period may be waived by the Secretary in
an emergency situation where the health or life of an endangered animal is threat-
ened and no reasonable alternative is available to the applicant, but notice of any such
waiver shall be published by the Secretary in the Federal Register within ten days
following the issuance of the exemption or permit. Information received by the Sec-
retary as a part of any application shall be available to the public as a matter of public
record at every stage of the proceeding.
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(d) PERMIT AND EXEMPTION POLICY.—The Secretary may grant exceptions under
subsections (a)(1)(A) and (b) of this section only if he finds and publishes his finding
in the Federal Register that (1) such exceptions were applied for in good faith, (2) if
granted and exercised will not operate to the disadvantage of such endangered spe-
cies, and (3) will be consistent with the purposes and policy set forth in section 2 of
this Act.

(e) ALASKA NATIVES.—(1) Except as provided in paragraph (4) of this subsection
the provisions of this Act shall not apply with respect to the taking of any endan-
gered species or threatened species, or the importation of any such species taken
pursuant to this section, by—

(A) any Indian, Aleut, or Eskimo who is an Alaskan Native who resides in
Alaska; or

(B) any non-native permanent resident of an Alaskan native village;
if such taking is primarily for subsistence purposes. Non-edible byproducts of spe-
cies taken pursuant to this section may be sold in interstate commerce when made
into authentic native articles of handicrafts and clothing; except that the provisions
of this subsection shall not apply to any non-native resident of an Alaskan native
village found by the Secretary to be not primarily dependent upon the taking of fish
and wildlife for consumption or for the creation and sale of authentic native articles
of handicrafts and clothing.

(2) Any taking under this subsection may not be accomplished in a wasteful man-
ner.

(3) As used in this subsection—
(i) The term “subsistence” includes selling any edible portion of fish or wild-

life in native villages and towns in Alaska for native consumption within native
villages or towns; and

(ii) The term “authentic native articles of handicrafts and clothing” means
items composed wholly or in some significant respect of natural materials, and
which are produced, decorated, or fashioned in the exercise of traditional native
handicrafts without the use of pantographs, multiple carvers, or other mass
copying devices. Traditional native handicrafts include, but are not limited to,
weaving, carving, stitching, sewing, lacing, beading, drawing, and painting.

(4) Notwithstanding the provisions of paragraph (1) of this subsection, whenever
the Secretary determines that any species of fish or wildlife which is subject to tak-
ing under the provisions of this subsection is an endangered species or threatened
species, and that such taking materially and negatively affects the threatened or
endangered species, he may prescribe regulations upon the taking of such species
by any such Indian, Aleut, Eskimo, or non-Native Alaskan resident of an Alaskan
native village. Such regulations may be established with reference to species, geo-
graphical description of the area included, the season for taking, or any other fac-
tors related to the reason for establishing such regulations and consistent with the
policy of this Act. Such regulations shall be prescribed after a notice and hearings in
the affected judicial districts of Alaska and as otherwise required by section 103 of
the Marine Mammal Protection Act of 1972, and shall be removed as soon as the Sec-
retary determines that the need for their impositions has disappeared.

(f)(1) As used in this subsection—
(A) The term “pre-Act endangered species part” means—

(i) any sperm whale oil, including derivatives thereof, which was lawfully
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held within the United States on December 28, 1973, in the course of a commer-
cial activity; or

(ii) any finished scrimshaw product, if such product or the raw material for
such product was lawfully held within the United States on December 28,
1973, in the course of a commercial activity.
(B) The term “scrimshaw product” means any art form which involves the

substantial etching or engraving of designs upon, or the substantial carving of
figures, patterns, or designs from, any bone or tooth of any marine mammal of
the order Cetacea. For purposes of this subsection, polishing or the adding of
minor superficial markings does not constitute substantial etching, engraving,
or carving.

(2) The Secretary, pursuant to the provisions of this subsection, may exempt, if
such exemption is not in violation of the Convention, any pre-Act endangered spe-
cies part from one or more of the following prohibitions:

(A) The prohibition on exportation from the United States set forth in section
9(a)(1)(A) of this Act.

(B) Any prohibition set forth in section 9(a)(1)(E) or (F) of this Act.
(3) Any person seeking an exemption described in paragraph (2) of this subsec-

tion shall make application therefor to the Secretary in such form and manner as he
shall prescribe, but no such application may be considered by the Secretary unless
the application—

(A) is received by the Secretary before the close of the one-year period begin-
ning on the date on which regulations promulgated by the Secretary to carry
out this subsection first take effect;

(B) contains a complete and detailed inventory of all pre-Act endangered spe-
cies parts for which the applicant seeks exemption;

(C) is accompanied by such documentation as the Secretary may require to
prove that any endangered species part or product claimed by the applicant to
be a pre-Act endangered species part is in fact such a part; and

(D) contains such other information as the Secretary deems necessary and
appropriate to carry out the purposes of this subsection.

(4) If the Secretary approves any application for exemption made under this sub-
section, he shall issue to the applicant a certificate of exemption which shall specify—

(A) any prohibition in section 9(a) of this Act which is exempted;
(B) the pre-Act endangered species parts to which the exemption applies;
(C) the period of time during which the exemption is in effect, but no exemp-

tion made under this subsection shall have force and effect after the close of the
three-year period beginning on the date of issuance of the certificate unless
such exemption is renewed under paragraph (8); and

(D) any term or condition prescribed pursuant to paragraph (5)(A) or (B), or
both, which the Secretary deems necessary or appropriate.

(5) The Secretary shall prescribe such regulations as he deems necessary and
appropriate to carry out the purposes of this subsection. Such regulations may set
forth—

(A) terms and conditions which may be imposed on applicants for exemptions
under this subsection (including, but not limited to, requirements that applicants
register inventories, keep complete sales records, permit duly authorized agents
of the Secretary to inspect such inventories and records, and periodically file ap-
propriate reports with the Secretary); and
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(B) terms and conditions which may be imposed on any subsequent purchaser
of any pre-Act endangered species part covered by an exemption granted un-
der this subsection;

to insure that any such part so exempted is adequately accounted for and not dis-
posed of contrary to the provisions of this Act. No regulation prescribed by the
Secretary to carry out the purposes of this subsection shall be subject to section
4(f)(2)(A)(i) of this Act.

(6)(A) Any contract for the sale of pre-Act endangered species parts which is en-
tered into by the Administrator of General Services prior to the effective date of this
subsection and pursuant to the notice published in the Federal Register on January
9, 1973, shall not be rendered invalid by virtue of the fact that fulfillment of such
contract may be prohibited under section 9(a)(1)(F).

(B) In the event that this paragraph is held invalid, the validity of the remainder of
the Act, including the remainder of this subsection, shall not be affected.

(7) Nothing in this subsection shall be construed to—
(A) exonerate any person from any act committed in violation of paragraphs

(1)(A), (1)(E), or (1)(F) of section 9(a)  prior to the date of enactment of this
subsection; or

(B) immunize any person from prosecution for any such act.
(8)(A)(i) Any valid certificate of exemption which was renewed after October 13,

1982, and was in effect on March 31, 1988, shall be deemed to be renewed for a six-
month period beginning on the date of enactment of the Endangered Species Act
Amendments of 1988. Any person holding such a certificate may apply to the Secre-
tary for one additional renewal of such certificate for a period not to exceed 5 years
beginning on the date of such enactment.

(B) If the Secretary approves any application for renewal of an exemption under
this paragraph, he shall issue to the applicant a certificate of renewal of such exemp-
tion which shall provide that all terms, conditions, prohibitions, and other regula-
tions made applicable by the previous certificate shall remain in effect during the
period of the renewal.

(C) No exemption or renewal of such exemption made under this subsection shall
have force and effect after the expiration date of the certificate of renewal of such
exemption issued under this paragraph.

(D) No person may, after January 31, 1984, sell or offer for sale in interstate or
foreign commerce, any pre-Act finished scrimshaw product unless such person holds
a valid certificate of exemption issued by the Secretary under this subsection, and
unless such product or the raw material for such product was held by such person on
October 13, 1982.

(g) In connection with any action alleging a violation of section 9, any person claim-
ing the benefit of any exemption or permit under this Act shall have the burden of
proving that the exemption or permit is applicable, has been granted, and was valid
and in force at the time of the alleged violation.

(h) CERTAIN ANTIQUE ARTICLES.—(1) Sections 4(d), 9(a), and 9(c) do not apply to
any article which—

(A) is not less than 100 years of age;
(B) is composed in whole or in part of any endangered species or threatened

species listed under section 4;
(C) has not been repaired or modified with any part of any such species on or

after the date of the enactment of this Act; and
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(D) is entered at a port designated under paragraph (3).
(2) Any person who wishes to import an article under the exception provided by

this subsection shall submit to the customs officer concerned at the time of entry of
the article such documentation as the Secretary of the Treasury, after consultation
with the Secretary of the Interior, shall by regulation require as being necessary to
establish that the article meets the requirements set forth in paragraph (1)(A), (B),
and (C).

(3) The Secretary of the Treasury, after consultation with the Secretary of the
Interior, shall designate one port within each customs region at which articles de-
scribed in paragraph (1)(A), (B), and (C) must be entered into the customs territory
of the United States.

(4) Any person who imported, after December 27, 1973, and on or before the date
of the enactment of the Endangered Species Act Amendments of 1978, any article
described in paragraph (1) which—

(A) was not repaired or modified after the date of importation with any part
of any endangered species or threatened species listed under section 4;

(B) was forfeited to the United States before such date of the enactment, or is
subject to forfeiture to the United States on such date of enactment, pursuant to
the assessment of a civil penalty under section 11; and

(C) is in the custody of the United States on such date of enactment;
may, before the close of the one-year period beginning on such date of enactment,
make application to the Secretary for return of the article. Application shall be made
in such form and manner, and contain such documentation, as the Secretary pre-
scribes. If on the basis of any such application which is timely filed, the Secretary is
satisfied that the requirements of this paragraph are met with respect to the article
concerned, the Secretary shall return the article to the applicant and the importa-
tion of such article shall, on and after the date of return, be deemed to be a lawful
importation under this Act.

(i) NONCOMMERCIAL TRANSSHIPMENTS.—Any importation into the United States of
fish or wildlife shall, if—

(1) such fish or wildlife was lawfully taken and exported from the country of
origin and country of reexport, if any;

(2) such fish or wildlife is in transit or transshipment through any place sub-
ject to the jurisdiction of the United States en route to a country where such fish
or wildlife may be lawfully imported and received;

(3) the exporter or owner of such fish or wildlife gave explicit instructions not
to ship such fish or wildlife through any place subject to the jurisdiction of the
United States, or did all that could have reasonably been done to prevent trans-
shipment, and the circumstances leading to the transshipment were beyond the
exporter’s or owner’s control;

(4) the applicable requirements of the Convention have been satisfied; and
(5) such importation is not made in the course of a commercial activity,

be an importation not in violation of any provision of this Act or any regulation issued
pursuant to this Act while such fish or wildlife remains in the control of the United
States Customs Service.

(j) EXPERIMENTAL POPULATIONS.—(1) For purposes of this subsection, the term “ex-
perimental population” means any population (including any offspring arising solely
therefrom) authorized by the Secretary for release under paragraph (2), but only when,
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and at such times as, the population is wholly separate geographically from
nonexperimental populations of the same species.

(2)(A) The Secretary may authorize the release (and the related transportation) of
any population (including eggs, propagules, or individuals) of an endangered species
or a threatened species outside the current range of such species if the Secretary
determines that such release will further the conservation of such species.

(B) Before authorizing the release of any population under subparagraph (A), the
Secretary shall by regulation identify the population and determine, on the basis of
the best available information, whether or not such population is essential to the
continued existence of an endangered species or a threatened species.

(C) For the purposes of this Act, each member of an experimental population shall
be treated as a threatened species; except that—

(i) solely for purposes of section 7 (other than subsection (a)(1) thereof), an
experimental population determined under subparagraph (B) to be not essen-
tial to the continued existence of a species shall be treated, except when it oc-
curs in an area within the National Wildlife Refuge System or the National Park
System, as a species proposed to be listed under section 4; and

(ii) critical habitat shall not be designated under this Act for any experimental
population determined under subparagraph (B) to be not essential to the con-
tinued existence of a species.

(3) The Secretary, with respect to populations of endangered species or threat-
ened species that the Secretary authorized, before the date of the enactment of this
subsection, for release in geographical areas separate from the other populations of
such species, shall determine by regulation which of such populations are an experi-
mental population for the purposes of this subsection and whether or not each is
essential to the continued existence of an endangered species or a threatened spe-
cies.

PENALTIES AND ENFORCEMENT

SEC. 11. (a) CIVIL PENALTIES.— (1) Any person who knowingly violates, and any
person engaged in business as an importer or exporter of fish, wildlife, or plants
who violates, any provision of this Act, or any provision of any permit or certificate
issued hereunder, or of any regulation issued in order to implement subsection
(a)(1)(A), (B), (C), (D), (E), or (F), (a)(2)(A), (B), (C), or (D), (c), (d) (other than regu-
lation relating to recordkeeping or filing of reports), (f) or (g) of section 9 of this Act,
may be assessed a civil penalty by the Secretary of not more than $ 25,000 for each
violation. Any person who knowingly violates, and any person engaged in business
as an importer or exporter of fish, wildlife, or plants who violates, any provision of
any other regulation issued under this Act may be assessed a civil penalty by the
Secretary of not more than $ 12,000 for each such violation. Any person who other-
wise violates any provision of this Act, or any regulation, permit, or certificate is-
sued hereunder, may be assessed a civil penalty by the Secretary of not more than $
500 for each such violation. No penalty may be assessed under this subsection unless
such person is given notice and opportunity for a hearing with respect to such viola-
tion. Each violation shall be a separate offense. Any such civil penalty may be remit-
ted or mitigated by the Secretary. Upon any failure to pay a penalty assessed under
this subsection, the Secretary may request the Attorney General to institute a civil
action in a district court of the United States for any district in which such person is
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found, resides, or transacts business to collect the penalty and such court shall have
jurisdiction to hear and decide any such action. The court shall hear such action on
the record made before the Secretary and shall sustain his action if it is supported
by substantial evidence on the record considered as a whole.

(2) Hearings held during proceedings for the assessment of civil penalties autho-
rized by paragraph (1) of this subsection shall be conducted in accordance with sec-
tion 554 of title 5, United States Code. The Secretary may issue subpoenas for the
attendance and testimony of witnesses and the production of relevant papers, books,
and documents, and administer oaths. Witnesses summoned shall be paid the same
fees and mileage that are paid to witnesses in the courts of the United States. In
case of contumacy or refusal to obey a subpoena served upon any person pursuant
to this paragraph, the district court of the United States for any district in which
such person is found or resides or transacts business, upon application by the United
States and after notice to such person, shall have jurisdiction to issue an order re-
quiring such person to appear and give testimony before the Secretary or to appear
and produce documents before the Secretary, or both, and any failure to obey such
order of the court may be punished by such court as a contempt thereof.

(3) Notwithstanding any other provision of this Act, no civil penalty shall be im-
posed if it can be shown by a preponderance of the evidence that the defendant
committed an act based on a good faith belief that he was acting to protect himself
or herself, a member of his or her family, or any other individual from bodily harm,
from any endangered or threatened species.

(b) CRIMINAL VIOLATIONS.—(1) Any person who knowingly violates any provision
of this Act, of any permit or certificate issued hereunder, or of any regulation issued
in order to implement subsection (a)(1)(A), (B), (C), (D), (E), or (F); (a)(2)(A), (B),
(C), or (D), (c), (d) (other than a regulation relating to recordkeeping, or filing of
reports), (f), or (g) of section 9 of this Act shall, upon conviction, be fined not more
than $ 50,000 or imprisoned for not more than one year, or both. Any person who
knowingly violates any provision of any other regulation issued under this Act shall,
upon conviction, be fined not more than $ 25,000 or imprisoned for not more than six
months, or both.

(2) The head of any Federal agency which has issued a lease, license, permit, or
other agreement authorizing a person to import or export fish, wildlife, or plants, or
to operate a quarantine station for imported wildlife, or authorizing the use of Fed-
eral lands, including grazing of domestic livestock, to any person who is convicted of
a criminal violation of this Act or any regulation, permit, or certificate issued here-
under may immediately modify, suspend, or revoke each lease, license, permit, or
other agreement. The Secretary shall also suspend for a period of up to one year, or
cancel, any Federal hunting or fishing permits or stamps issued to any person who
is convicted of a criminal violation of any provision of this Act or any regulation,
permit, or certificate issued hereunder. The United States shall not be liable for the
payments of any compensation, reimbursement, or damages in connection with the
modification, suspension, or revocation of any leases, licenses, permits, stamps, or
other agreements pursuant to this section.

(3) Notwithstanding any other provision of this Act, it shall be a defense to prosecu-
tion under this subsection if the defendant committed the offense based on a good
faith belief that he was acting to protect himself or herself, a member of his or her
family, or any other individual, from bodily harm from any endangered or threatened
species.
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(c) DISTRICT COURT JURISDICTION.—The several district courts of the United States,
including the courts enumerated in section 460 of title 28, United States Code, shall
have jurisdiction over any actions arising under this Act. For the purpose of this Act,
American Samoa shall be included within the judicial district of the District Court of
the United States for the District of Hawaii.

(d) REWARDS AND CERTAIN INCIDENTAL EXPENSES.—The Secretary or the Secre-
tary of the Treasury shall pay, from sums received as penalties, fines, or forfeitures
of property for any violation of this Act or any regulation issued hereunder (1) a
reward to any person who furnishes information which leads to an arrest, a criminal
conviction, civil penalty assessment, or forfeiture of property for any violation of
this Act or any regulation issued hereunder, and (2) the reasonable and necessary
costs incurred by any person in providing temporary care for any fish, wildlife, or
plant pending the disposition of any civil or criminal proceeding alleging a violation
of this Act with respect to that fish, wildlife, or plant. The amount of the reward, if
any, is to be designated by the Secretary or the Secretary of the Treasury, as appro-
priate. Any officer or employee of the United States or any State or local govern-
ment who furnishes information or renders service in the performance of his official
duties is ineligible for payment under this subsection. Whenever the balance of sums
received under this section and section 6(d) of the Act of November 16, 1981 (16
U.S.C. 3375(d)), as penalties or fines, or from forfeitures of property, exceed $ 500,000,
the Secretary of the Treasury shall deposit an amount equal to such excess balance
in the cooperative endangered species conservation fund established under section
6(i) of this Act.

(e) ENFORCEMENT.—(1) The provisions of this Act and any regulations or permits
issued pursuant thereto shall be enforced by the Secretary, the Secretary of the
Treasury, or the Secretary of the Department in which the Coast Guard is operat-
ing, or all such Secretaries. Each such Secretary may utilize by agreement, with or
without reimbursement, the personnel, services, and facilities of any other Federal
agency or any State agency for purposes of enforcing this Act.

(2) The judges of the district courts of the United States and the United States
magistrates may, within their respective jurisdictions, upon proper oath or affirma-
tion showing probable cause, issue such warrants or other process as may be re-
quired for enforcement of this Act and any regulation issued thereunder.

(3) Any person authorized by the Secretary, the Secretary of the Treasury, or the
Secretary of the Department in which the Coast Guard is operating, to enforce this
Act may detain for inspection and inspect any package, crate, or other container,
including its contents, and all accompanying documents, upon importation or expor-
tation. Such person may make arrests without a warrant for any violation of this Act
if he has reasonable grounds to believe that the person to be arrested is committing
the violation in his presence or view, and may execute and serve any arrest warrant,
search warrant, or other warrant or civil or criminal process issued by any officer or
court of competent jurisdiction for enforcement of this Act. Such person so autho-
rized may search and seize, with or without a warrant, as authorized by law. Any
fish, wildlife, property, or item so seized shall be held by any person authorized by
the Secretary, the Secretary of the Treasury, or the Secretary of the Department in
which the Coast Guard is operating pending disposition of civil or criminal proceed-
ings, or the institution of an action in rem for forfeiture of such fish, wildlife, prop-
erty, or item pursuant to paragraph (4) of this subsection; except that the Secretary
may, in lieu of holding such fish, wildlife, property, or item, permit the owner or con-
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signee to post a bond or other surety satisfactory to the Secretary, but upon forfeiture
of any such property to the United States, or the abandonment or waiver of any claim
to any such property, it shall be disposed of (other than by sale to the general public)
by the Secretary in such a manner, consistent with the purposes of this Act, as the
Secretary shall by regulation prescribe.

(4)(A) All fish or wildlife or plants taken, possessed, sold, purchased, offered for
sale or purchase, transported, delivered, received, carried, shipped, exported, or
imported contrary to the provisions of this Act, any regulation made pursuant thereto,
or any permit or certificate issued hereunder shall be subject to forfeiture to the
United States.

(B) All guns, traps, nets, and other equipment, vessels, vehicles, aircraft, and other
means of transportation used to aid the taking, possessing, selling, purchasing, of-
fering for sale or purchase, transporting, delivering, receiving, carrying, shipping,
exporting, or importing of any fish or wildlife or plants in violation of this Act, any
regulation made pursuant thereto, or any permit or certificate issued thereunder
shall be subject to forfeiture to the United States upon conviction of a criminal vio-
lation pursuant to section 11(b)(1) of this Act.

(5) All provisions of law relating to the seizure, forfeiture, and condemnation of a
vessel for violation of the customs laws, the disposition of such vessel or the proceeds
from the sale thereof, and the remission or mitigation of such forfeiture, shall apply
to the seizures and forfeitures incurred, or alleged to have been incurred, under the
provisions of this Act, insofar as such provisions of law are applicable and not incon-
sistent with the provisions of this Act; except that all powers, rights, and duties
conferred or imposed by the customs laws upon any officer or employee of the Trea-
sury Department shall, for the purposes of this Act, be exercised or performed by
the Secretary or by such persons as he may designate.

(6) The Attorney General of the United States may seek to enjoin any person who
is alleged to be in violation of any provision of this Act or regulation issued under
authority thereof.

(f) REGULATIONS.—The Secretary, the Secretary of the Treasury, and the Secre-
tary of the Department in which the Coast Guard is operating, are authorized to
promulgate such regulations as may be appropriate to enforce this Act, and charge
reasonable fees for expenses to the Government connected with permits or certifi-
cates authorized by this Act including processing applications and reasonable in-
spections, and with the transfer, board, handling, or storage of fish or wildlife or
plants and evidentiary items seized and forfeited under this Act. All such fees col-
lected pursuant to this subsection shall be deposited in the Treasury to the credit of
the appropriation which is current and chargeable for the cost of furnishing the
services. Appropriated funds may be expended pending reimbursement from par-
ties in interest.

(g) CITIZEN SUITS.—(1) Except as provided in paragraph (2) of this subsection any
person may commence a civil suit on his own behalf—

(A) to enjoin any person, including the United States and any other governmental
instrumentality or agency (to the extent permitted by the eleventh amendment
to the Constitution), who is alleged to be in violation of any provision of this Act
or regulation issued under the authority thereof; or

(B) to compel the Secretary to apply, pursuant to section 6(g)(2)(B)(ii) of this
Act, the prohibitions set forth in or authorized pursuant to section 4(d) or section
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9(a)(1)(B) of this Act with respect to the taking of any resident endangered spe-
cies or threatened species within any State; or

(C) against the Secretary where there is alleged a failure of the Secretary to
perform any act or duty under section 4 which is not discretionary with the
Secretary.

The district courts shall have jurisdiction, without regard to the amount in contro-
versy or the citizenship of the parties, to enforce any such provision or regulation, or
to order the Secretary to perform such act or duty, as the case may be. In any civil
suit commenced under subparagraph (B) the district court shall compel the Secre-
tary to apply the prohibition sought if the court finds that the allegation that an
emergency exists is supported by substantial evidence.

(2)(A) No action may be commenced under subparagraph (1)(A) of this
section—

(i) prior to sixty days after written notice of the violation has been given to the
Secretary, and to any alleged violator of any such provision or regulation;

(ii) if the Secretary has commenced action to impose a penalty pursuant to
subsection (a) of this section; or

(iii) if the United States has commenced and is diligently prosecuting a crimi-
nal action in a court of the United States or a State to redress a violation of any
such provision or regulation.

(B) No action may be commenced under subparagraph (1)(B) of this section—
(i) prior to sixty days after written notice has been given to the Secretary

setting forth the reasons why an emergency is thought to exist with respect to
an endangered species or a threatened species in the State concerned; or

(ii) if the Secretary has commenced and is diligently prosecuting action under
section 6(g)(2)(B)(ii) of this Act to determine whether any such emergency ex-
ists.

(C) No action may be commenced under subparagraph (1)(C) of this section prior
to sixty days after written notice has been given to the Secretary; except that such
action may be brought immediately after such notification in the case of an action
under this section respecting an emergency posing a significant risk to the well-
being of any species of fish or wildlife or plants.

(3)(A) Any suit under this subsection may be brought in the judicial district in
which the violation occurs.

(B) In any such suit under this subsection in which the United States is not a party,
the Attorney General, at the request of the Secretary, may intervene on behalf of
the United States as a matter of right.

(4) The court, in issuing any final order in any suit brought pursuant to paragraph
(1) of this subsection, may award costs of litigation (including reasonable attorney
and expert witness fees) to any party, whenever the court determines such award is
appropriate.

(5) The injunctive relief provided by this subsection shall not restrict any right
which any person (or class of persons) may have under any statute or common law
to seek enforcement of any standard or limitation or to seek any other relief (includ-
ing relief against the Secretary or a State agency).

(h) COORDINATION WITH OTHER LAWS.—The Secretary of Agriculture and the Sec-
retary shall provide for appropriate coordination of the administration of this Act
with the administration of the animal quarantine laws (as defined in section 2509(f)
of the Food, Agriculture, Conservation, and Trade Act of 1990 (21 U.S.C. 136a(f)) and
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section 306 of the Tariff Act of 1930 (19 U.S.C. 1306). Nothing in this Act or any amend-
ment made by this Act shall be construed as superseding or limiting in any manner
the functions of the Secretary of Agriculture under any other law relating to prohib-
ited or restricted importations or possession of animals and other articles and no pro-
ceeding or determination under this Act shall preclude any proceeding or be consid-
ered determinative of any issue of fact or law in any proceeding under any Act
administered by the Secretary of Agriculture. Nothing in this Act shall be construed
as superseding or limiting in any manner the functions and responsibilities of the
Secretary of the Treasury under the Tariff Act of 1930, including, without limitation,
section 527 of that Act (19 U.S.C. 1527), relating to the importation of wildlife taken,
killed, possessed, or exported to the United States in violation of the laws or regula-
tions of a foreign country.

ENDANGERED PLANTS

SEC. 12. The Secretary of the Smithsonian Institution, in conjunction with other
affected agencies, is authorized and directed to review (1) species of plants which
are now or may become endangered or threatened and (2) methods of adequately
conserving such species, and to report to Congress, within one year after the date of
the enactment of this Act, the results of such review including recommendations for
new legislation or the amendment of existing legislation.

CONFORMING AMENDMENTS

SEC. 13. (a) Subsection 4(c) of the Act of October 15, 1966 (80 Stat. 928, 16 U.S.C.
668dd(c)), is further amended by revising the second sentence thereof to read as
follows: “With the exception of endangered species and threatened species listed by
the Secretary pursuant to section 4 of the Endangered Species Act of 1973 in States
wherein a cooperative agreement does not exist pursuant to section 6(c) of that Act,
nothing in this Act shall be construed to authorize the Secretary to control or regu-
late hunting or fishing of resident fish and wildlife on lands not within the system.”

(b) Subsection 10(a) of the Migratory Bird Conservation Act (45 Stat. 1224, 16
U.S.C. 715i(a)), and subsection 401(a) of the Act of June 15, 1935 (49 Stat. 383, 16
U.S.C. 715s(a)), are each amended by striking out “threatened with extinction,” and
inserting in lieu thereof the following: “listed pursuant to section 4 of the Endan-
gered Species Act of 1973 as endangered species or threatened species”.

(c) Section 7(a)(1) of the Land and Water Conservation Fund Act of 1965 (16 U.S.C.
4601-9(a)(1)) is amended by striking out:

“THREATENED SPECIES.—For any national area which may be authorized for
the preservation of species of fish or wildlife that are threatened with extinc-
tion.” and inserting in lieu thereof the following:

“ENDANGERED SPECIES AND THREATENED SPECIES.—For lands, waters, or in-
terests therein, the acquisition of which is authorized under section 5(a) of the
Endangered Species Act of 1973, needed for the purpose of conserving endan-
gered or threatened species of fish or wildlife or plants.”

(d) The first sentence of section 2 of the Act of September 28, 1962, as amended (76
Stat. 653, 16 U.S.C. 460k-1), is amended to read as follows:

“The Secretary is authorized to acquire areas of land, or interests therein, which
are suitable for—
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“(1) incidental fish and wildlife-oriented recreational development,
“(2) the protection of natural resources,
“(3) the conservation of endangered species or threatened species listed by

the Secretary pursuant to section 4 of the Endangered Species Act of 1973, or
“(4) carrying out two or more of the purposes set forth in paragraphs (1)

through (3) of this section, and are adjacent to, or within, the said conservation
areas, except that the acquisition of any land or interest therein pursuant to this
section shall be accomplished only with such funds as may be appropriated there-
for by the Congress or donated for such purposes, but such property shall not
be acquired with funds obtained from the sale of Federal migratory bird hunt-
ing stamps.”

(e) The Marine Mammal Protection Act of 1972 (16 U.S.C. 1361 - 1407) is amended—
(1) by striking out “Endangered Species Conservation Act of 1969” in section

3(l)(B) thereof and inserting in lieu thereof the following: “Endangered Species
Act of 1973”;

(2) by striking out “pursuant to the Endangered Species Conservation Act of
1969” in section 101(a)(3)(B) thereof and inserting in lieu thereof the following:
“or threatened species pursuant to the Endangered Species Act of 1973”;

(3) by striking out “endangered under the Endangered Species Conservation
Act of 1969” in section 102(b)(3) thereof and inserting in lieu thereof the follow-
ing: “an endangered species or threatened species pursuant to the Endangered
Species Act of 1973”; and

(4) by striking out “of the Interior such revisions of the Endangered Species
List, authorized by the Endangered Species Conservation Act of 1969,” in sec-
tion 202(a)(6) thereof and inserting in lieu thereof the following: “such revisions
of the endangered species list and threatened species list published pursuant to
section 4(c)(1) of the Endangered Species Act of 1973”.

(f) Section 2(1) of the Federal Environmental Pesticide Control Act of 1972 (Public
Law 92-516) is amended by striking out the words “by the Secretary of the Interior
under Public Law 91-135” and inserting in lieu thereof the words “or threatened by
the Secretary pursuant to the Endangered Species Act of 1973”.

REPEALER

SEC. 14. The Endangered Species Conservation Act of 1969 (sections 1 through 3
of the Act of October 15, 1966, and sections 1 through 6 of the Act of December 5,
1969; 16 U.S.C. 668aa—668cc-6), is repealed.

AUTHORIZATION OF APPROPRIATIONS

SEC. 15. (a) IN GENERAL.—Except as provided in subsections (b), (c), and (d), there
are authorized to be appropriated—

(1) not to exceed $ 35,000,000 for fiscal year 1988, $ 36,500,000 for fiscal year
1989, $38,000,000 for fiscal year 1990, $ 39,500,000 for fiscal year 1991, and
$ 41,500,000 for fiscal year 1992 to enable the Department of the Interior to carry
out such functions and responsibilities as it may have been given under this Act;

(2) not to exceed $ 5,750,000 for fiscal year 1988, $ 6,250,000 for each of fiscal
years 1989 and 1990, and $ 6,750,000 for each of fiscal years 1991 and 1992 to en-
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able the Department of Commerce to carry out such functions and responsibili-
ties as it may have been given under this Act; and

(3) not to exceed $ 2,200,000 for fiscal year 1988, $ 2,400,000 for each of fiscal
years 1989 and 1990, and $ 2,600,000 for each of fiscal years 1991 and 1992, to
enable the Department of Agriculture to carry out its functions and responsi-
bilities with respect to the enforcement of this Act and the Convention which
pertain to the importation or exportation of plants.

(b) EXEMPTIONS FROM ACT.—There are authorized to be appropriated to the Sec-
retary to assist him and the Endangered Species Committee in carrying out their
functions under sections 7(e), (g), and (h) not to exceed $ 600,000 for each of fiscal
years 1988, 1989, 1990, 1991, and 1992.

(c) CONVENTION IMPLEMENTATION.—There are authorized to be appropriated to the
Department of the Interior for purposes of carrying out section 8A(e) not to exceed
$ 400,000 for each of fiscal years 1988, 1989, and 1990, and $ 500,000 for each of fiscal
years 1991 and 1992, and such sums shall remain available until expended.

EFFECTIVE  DATE

SEC. 16. This Act shall take effect on the date of its enactment.

MARINE MAMMAL PROTECTION ACT OF 1972

SEC. 17. Except as otherwise provided in this Act, no provision of this Act shall
take precedence over any more restrictive conflicting provision of the Marine Mam-
mal Protection Act of 1972.

ANNUAL COST ANALYSIS BY THE FISH AND WILDLIFE SERVICE

SEC. 18. Notwithstanding section 3003 of Public Law 104-66 (31 U.S.C. 1113 note;
109 Stat. 734), on or before January 15, 1990, and each January 15 thereafter, the
Secretary of the Interior, acting through the Fish and Wildlife Service, shall submit
to the Congress an annual report covering the preceding fiscal year which shall
contain—

(1) an accounting on a species by species basis of all reasonably identifiable
Federal expenditures made primarily for the conservation of endangered or
threatened species pursuant to this Act; and

(2) an accounting on a species by species basis of all reasonably identifiable
expenditures made primarily for the conservation of endangered or threatened
species pursuant to this Act by States receiving grants under section 6.
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(ii) Provid er or supp lier n ot su bject to 
add ition al requ irem en ts. For a p rovid er 
or supp lier th at is n ot su bject to 
add ition al requ irem en ts, th e effective 
d ate is th e d ate of th e p rovid er’s or 
supp lier’s in itial requ est for 
p articip ation if on th at d ate th e p rovid er 
or supp lier m et all Fed eral 
requ irem en ts. 

(2) Sp ecial ru le: Retroactive effective 
d ate. If a p rovid er or supp lier m eets th e 
requ irem en ts of p aragraph s (d )(1) and  
(d )(1)(i) or (d )(1)(ii) of th is section , th e 
effective d ate m ay be retroactive for up 
to on e year to en comp ass d ates on 
wh ich th e p rovid er or supp lier 
fu rn ish ed , to a Med icare ben eficiary, 
covered services for wh ich it h as n ot 
been p aid . 

4. Section 489.53 is am end ed to revise 
th e h ead in g of p aragraph (b) and  
p aragraph s (c)(1) and (c)(2) to read as 
follow s: 

 
§ 489.53   Termination by HCFA. 
* * * * * 

(b) T erm in ation of agreem en ts w ith 
certain h osp itals. *  *  * 

(c) N otice of term in ation —(1) T im in g: 
Basic ru le. Excep t as p rovid ed in 
p aragraph (c)(2) of th is section , HCFA 
gives th e p rovid er n otice of term in ation 
at least 15 d ays before th e effective d ate 
of term in ation of th e p rovid er 
agreem en t. 

(2) T im in g ex cep tion s: Im m ed iate 
jeop ard y situ ation s—(i) Hosp ital w ith 
em ergen cy d ep artm en t. If HCFA find s 
th at a h osp ital w ith an em ergen cy 
d ep artm en t is in violation of § 489.24, 
p aragraph s (a) th rou gh (e), and HCFA 
d eterm in es th at th e violation p oses 
imm ed iate jeop ard y to th e h ealth or 
safety of ind ividu als wh o p resen t 
th em selves to th e h osp ital for 
em ergen cy services, HCFA— 

(A) Gives th e h osp ital a p relim in ary 
n otice ind icatin g th at its p rovid er 
agreem en t w ill be term in ated in 23 d ays 
if it d oes n ot correct th e id en tified 
d eficien cies or refu te th e find in g; and  

(B) Gives a fin al n otice of term in ation , 
and con cu rren t n otice to th e pu blic, at 
least 2 , bu t n ot m ore th an 4, d ays before 
th e effective d ate of term in ation of th e 
p rovid er agreem en t. 

(ii) Sk illed nu rsin g facilities (SN Fs). 
For an SNF w ith d eficien cies th at p ose 
imm ed iate jeop ard y to th e h ealth or 
safety of resid en ts, HCFA gives n otice at 
least 2 d ays before th e effective d ate of 
term in ation of th e p rovid er agreem en t. 
* * * * * 

 

PART 498—APPEALS PROCEDURES 
FOR DETERMINATIONS THAT AFFECT 
PARTICIPATION IN THE MEDICARE 
PROGRAM AND FOR 
DETERMINATIONS THAT AFFECT THE 
PARTICIPATION OF CERTAIN ICFs/MR 
AND CERTAIN NFs IN THE MEDICAID 
PROGRAM 

 

E. Part 498 is am end ed as set forth 
below . 

1. Th e au th ority citation for p art 498 
con tinu es to read as follow s: 

Authority: Secs. 1102, and 1871 of th e 
Social Secu rity Act (42 U.S.C. 1302 and 
1395hh ). 

2. Section 498.3 is am end ed to revise 
p aragraph (a), repu blish th e 
in trodu ctory text of p aragrap h (b) and 
add a p aragraph (b)(14), revise th e 
in trodu ctory text of p aragrap h (d ) and 
add n ew p aragraph s (d )(14) and (d )(15), 
to read as follow s: 

 

§ 498.3   Scope and applicability. 
(a) S cop e. Th is p art sets forth 

p rocedu res for review in g in itial 
d eterm in ation s th at HCFA m akes w ith 
resp ect to th e m atters sp ecified in 
p aragraph (b) of th is section , and th at 
th e OIG m akes w ith resp ect to th e 
m atters sp ecified in p aragraph (c) of th is 
section . It also sp ecifies, in p aragraph  
(d) ) of th is section , adm in istrative 
action s th at are n ot su bject to app eal 
und er th is p art. 

(b) In itial d eterm in ation s by HCFA . 
HCFA m akes in itial d eterm in ation s w ith 
resp ect to th e follow in g m atters: 
* * * * * 

(14) Th e effective d ate of a Med icare 
p rovid er agreem en t or supp lier 
app roval. 
* * * * * 

(d ) A d m in istrative action s th at are n ot 
in itial d eterm in ation s. Adm in istrative 
action s th at are n ot in itial d eterm in ation 
(and th erefore n ot su bject to app eal 
und er th is p art) in clud e bu t are n ot 
lim ited to th e follow in g: 
* * * * * 

(14) Th e ch oice of altern ative san ction 
or rem ed y to be imp osed on a p rovid er 
or supp lier. 

(15) A d ecision by th e State su rvey 
agen cy as to wh en to condu ct an in itial 
su rvey of a p rosp ective p rovid er or 
supp lier. 
* * * * * 

F. Techn ical correction . 
 

§ 489.1   [Amended] 
In § 489.11(c), th e follow in g ch an ges 

are m ad e: 
a. At th e end of p aragraph (c)(1), th e 

w ord ‘‘and ’’ is add ed . 
b. At th e end of p aragraph (c)(2), ‘‘; 

and ’’ is rem oved and a p eriod is 
in serted in its p lace. 

(Catalog of Fed eral Dom estic Assistan ce 
Program No. 93.773, Med icare—Hosp ital 
In su ran ce; Program No. 93.774, Med icare— 
Supp lem en tary Med ical In su ran ce; and  
Program No. 93.778, Med ical Assistan ce.) 

Dated : Sep tem ber 20, 1996. 
Bruce C. Vladeck, 
A d m in istrator, Health Care Fin an cin g 
A d m in istration . 

 

Dated : Decem ber 27, 1996. 
Donna E. Shalala, 
S ecretary. 
[FR Doc. 97–21731 Filed 8–15–97; 8:45 am ] 
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Endangered and Threatened Species: 
Listing of Several Evolutionary 
Significant Units (ESUs) of West Coast 
Steelhead 

 

AGENCY: Nation al Marin e Fish eries 
Service (NMFS), Nation al Ocean ic and 
Atm osph eric Ad m in istration (NOAA), 
Comm erce. 
ACTION: Fin al ru le. 

 

SUMMARY: On Au gu st 9, 1996, NMFS 
comp leted a comp reh en sive statu s 
review of w est coast steelh ead 
(On corh yn chu s m yk iss, or O. m yk iss) 
p opu lation s in Wash in gton , Oregon , 
Id ah o, and Californ ia, and id en tified 15 
Evolu tion arily Sign ifican t Un its (ESUs) 
w ith in th is ran ge. NMFS is n ow issu in g 
a fin al ru le to list tw o ESUs as 
end an gered and th ree ESUs as 
th reaten ed und er th e End an gered 
Sp ecies Act (ESA). Th e end an gered 
steelh ead ESUs are located in Californ ia 
(Sou th ern Californ ia) and Wash in gton 
(Upp er Colum bia River). Th e th reaten ed 
steelh ead ESUs are located in Californ ia 
(Cen tral Californ ia Coast and Sou th - 
Cen tral Californ ia Coast) and Id ah o, 
Wash in gton , and Oregon (Sn ake River 
Basin ). For th e end an gered ESUs, 
section 9(a) p roh ibition s w ill be 
effective 60 d ays from th e pu blication of 
th is fin al ru le. For th e th reaten ed ESUs, 
NMFS w ill issu e sh ortly p rotective 
regu lation s und er section 4(d ) of th e 
ESA, wh ich w ill app ly section 9(a) 
p roh ibition s w ith certain excep tion s. 

NMFS h as exam in ed th e relation sh ip 
betw een h atch ery and n atu ral 
p opu lation s of steelh ead in th ese ESUs, 
and h as assessed wh eth er an y h atch ery 



43938 Federal  Register  /  Vol. 62, No. 159  /  Mond ay, Au gu st  18, 1997  /  Ru les  and  Regu lation s  
 

p opu lation s are essen tial for th eir 
recovery. On ly th e Wells Hatch ery stock 
in th e Upp er Colum bia River ESU is 
essen tial for recovery and in clud ed in 
th is listin g. Asid e from th e Wells 
Hatch ery stock, on ly n atu rally sp awn ed 
p opu lation s of steelh ead (and th eir 
p rogen y) resid in g below lon g-term , 
n atu rally and m an -m ad e imp assable 
barriers (i.e., d am s) are listed in all five 
ESUs id en tified as th reaten ed or 
end an gered . 

At th is tim e, NMFS is listin g on ly 
an ad rom ou s life form s of O. m yk iss. 
DATES: Effective October 17, 1997. 
ADDRESSES: Protected Resou rces 
Division , NMFS, Northw est Region , 525 
NE Oregon Street, Su ite 500, Portland , 
OR 97232–2737. 
FOR FURTHER INFORMATION CONTACT: 
Garth Griffin , 503–231–2005, Craig 
Win gert, 562–980–4021, or Joe Blum , 
301–713–1401. 
SUPPLEMENTARY  INFORMATION: 
Species Background 

On corh yn chu s m yk iss exh ibit on e of 
th e m ost comp lex su ites of life h istory 
traits of an y salm on id sp ecies. 
On corh yn chu s m yk iss m ay exh ibit 
an ad rom y (m ean in g th ey m igrate as 
ju ven iles from fresh w ater to th e ocean , 
and th en retu rn to sp awn in fresh w ater) 
or fresh w ater resid en cy (m ean in g th ey 
resid e th eir en tire life in fresh w ater). 
Resid en t form s are u su ally referred to as 
‘‘rain bow ’’ or ‘‘red band ’’ trou t, wh ile 
an ad rom ou s life form s are term ed 
‘‘steelh ead .’’ Few d etailed stud ies h ave 
been condu cted regard in g th e 
relation sh ip betw een resid en t and  
an ad rom ou s O. m yk iss and as a resu lt, 
th e relation sh ip betw een th ese tw o life 
form s is p oorly und erstood . Recen tly 
th e scien tific n am e for th e biological 
sp ecies th at in clud es both steelh ead and 
rain bow trou t w as ch an ged from S alm o 
gairdn eri to O. m yk iss. Th is ch an ge 
reflects th e p rem ise th at all trou ts from 
w estern North Am erica sh are a comm on 
lin eage w ith Pacific salm on . 

Steelh ead typ ically m igrate to m arin e 
w aters after sp end in g 2 years in fresh 
w ater. Th ey th en resid e in m arin e 
w aters for typ ically 2 or 3 years p rior to 
retu rn in g to th eir n atal stream to sp awn 
as 4-or 5-year-old s. Un like Pacific 
salm on , steelh ead are iterop arou s, 
m ean in g th ey are cap able of sp awn in g 
m ore th an on ce before th ey d ie. 
How ever, it is rare for steelh ead to  
sp awn m ore th an tw ice before d yin g; 
m ost th at d o so are fem ales. Steelh ead 
adu lts typ ically sp awn betw een 
Decem ber and Jun e (Bell, 1990; Bu sby et 
al., 1996). Dep end in g on w ater 
temp eratu re, steelh ead eggs m ay 
in cu bate in ‘‘redd s’’ (n estin g gravels) for 

1.5 to 4 m on th s before h atch in g as 
‘‘alevin s’’ (a larval life stage d ep end en t 
on food stored in a yolk sac). Follow in g 
yolk sac absorp tion , youn g ju ven iles or 
‘‘fry’’ em erge from th e gravel and begin 
actively feed in g. Ju ven iles rear in fresh 
w ater from 1 to 4 years, th en m igrate to 
th e ocean as ‘‘sm olts.’’ 

Biologically, steelh ead can be d ivid ed 
in to tw o rep rodu ctive ecotyp es, based 
on th eir state of sexu al m atu rity at th e 
tim e of river en try and th e du ration of 
th eir sp awn in g m igration . Th ese tw o 
ecotyp es are term ed ‘‘stream m atu rin g’’ 
and ‘‘ocean m atu rin g.’’ Stream m atu rin g 
steelh ead en ter fresh w ater in a sexu ally 
imm atu re cond ition and requ ire several 
m on th s to m atu re and sp awn . Ocean 
m atu rin g steelh ead en ter fresh w ater 
w ith w ell-d evelop ed gon ad s and sp awn 
sh ortly after river en try. Th ese tw o 
rep rodu ctive ecotyp es are m ore 
comm on ly referred to by th eir season of 
fresh w ater en try (e.g., summ er and  
w in ter steelh ead ). 

Tw o m ajor gen etic group s or 
‘‘su bsp ecies’’ of steelh ead occu r on th e 
w est coast of th e Un ited States: a coastal 
group and an in land group , sep arated in 
th e Fraser and Colum bia River Basin s 
app roxim ately by th e Cascad e crest 
(Hu zyk & Tsu yu ki, 1974; Allend orf, 
1975; Utter & Allend orf, 1977; Okazaki, 
1984; Parkin son , 1984; Sch reck et al., 
1986; Reisen bich ler et al., 1992). Behn ke 
(1992) p rop osed to classify th e coastal  
su bsp ecies as O. m . irid eu s and th e 
in land su bsp ecies as O. m . gairdn eri. 
Th ese gen etic group in gs app ly to both 
an ad rom ou s and n on -an ad rom ou s form s 
of O. m yk iss. Both coastal and in land  
steelh ead occu r in Wash in gton and 
Oregon . Californ ia is th ou gh t to h ave 
on ly coastal steelh ead wh ile Id ah o h as 
on ly in land steelh ead . 

Historically, steelh ead w ere 
d istribu ted th rou gh ou t th e North Pacific 
Ocean from th e Kam ch atka Pen in su la in 
Asia to th e n orth ern Baja Pen in su la. 
Presen tly, th e sp ecies d istribu tion 
extend s from th e Kam ch atka Pen in su la, 
east and sou th alon g th e Pacific coast of 
North Am erica, to at least Malibu Creek 
in sou th ern Californ ia. Th ere are 
in frequ en t an ecd otal rep orts of 
steelh ead occu rrin g as far sou th as th e 
San ta Margarita River in San Diego 
Coun ty (McEw an & Jackson , 1996). 
Historically, steelh ead likely inh abited 
m ost coastal stream s in Wash in gton , 
Oregon , and Californ ia as w ell as m an y 
in land stream s in th ese states and Id ah o. 
How ever, du rin g th is cen tu ry, over 23 
ind igen ou s, n atu rally-rep rodu cin g 
stocks of steelh ead are believed to h ave 
been extirp ated , and m an y m ore are 
th ou gh t to be in d eclin e in num erou s 
coastal and in land stream s in 
Wash in gton , Oregon , Id ah o, and  

Californ ia. Forty-th ree stocks h ave been 
id en tified by Neh lsen et al. (1991) as 
bein g at m od erate or h igh risk of 
extin ction . 
Previous Federal ESA Actions Related 
to West Coast Steelhead 

Th e h istory of p etition s received 
regard in g w est coast steelh ead is 
summ arized in th e p rop osed ru le 
pu blish ed on Au gu st 9, 1996 (61 FR 
56138). Th e m ost comp reh en sive 
p etition w as su bm itted by Oregon 
Natu ral Resou rces Coun cil and 15 co- 
p etition ers on Febru ary 16, 1994. In 
resp on se to th is p etition , NMFS 
assessed th e best available scien tific and 
comm ercial d ata, in clud in g techn ical 
in form ation from Pacific Salm on 
Biological Techn ical Comm ittees 
(PSBTCs) and in terested p arties in 
Wash in gton , Oregon , Id ah o, and 
Californ ia. Th e PSBTCs con sisted 
p rim arily of scien tists (from Fed eral, 
state, and local resou rce agen cies, 
Ind ian tribes, indu stries, un iversities, 
p rofession al societies, and pu blic 
in terest group s) p ossessin g techn ical 
exp ertise relevan t to steelh ead and th eir 
h abitats. A total of seven PSBTC 
m eetin gs w ere h eld in th e states of 
Wash in gton , Oregon , Id ah o, and  
Californ ia du rin g th e cou rse of th e w est 
coast steelh ead statu s review . NMFS 
also establish ed a Biological Review 
Team (BRT), comp osed of staff from 
NMFS’ Northw est and Sou thw est 
Fish eries Scien ce Cen ters and  
Sou thw est Region al Office, as w ell as a 
rep resen tative of th e Nation al Biological 
Service, wh ich condu cted a coastw id e 
statu s review for w est coast steelh ead 
(Bu sby et al., 1996). 

Based on th e resu lts of th e BRT 
rep ort, and after con sid erin g oth er 
in form ation and existin g con servation 
m easu res, NMFS pu blish ed a p rop osed 
listin g d eterm in ation (61 FR 56138, 
Au gu st 9, 1996) th at id en tified 15 ESUs 
of steelh ead in th e states of Wash in gton , 
Oregon , Id ah o, and Californ ia. Ten of 
th ese ESUs w ere p rop osed for listin g as 
th reaten ed or end an gered sp ecies, fou r 
w ere found n ot w arran ted for listin g, 
and on e w as id en tified as a cand id ate 
for listin g. 

NMFS h as n ow an alyzed n ew 
in form ation and pu blic comm en ts 
received in resp on se to th e Au gu st 9, 
1996, p rop osed ru le. NMFS’ BRT h as 
likew ise an alyzed th is n ew in form ation 
and h as upd ated its con clu sion s 
accord in gly (NMFS, 1997a). Cop ies of 
th e BRT’s upd ated con clu sion s, en titled 
‘‘Statu s Review Upd ate for West Coast 
Steelh ead from Wash in gton , Id ah o, 
Oregon , and Californ ia,’’ are available 
up on requ est (see ADDRESSEES). Th is 
fin al ru le id en tifies five ESUs of w est 
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coast steelh ead in th e fou r states th at 
cu rren tly w arran t listin g as th reaten ed 
or end an gered sp ecies und er th e ESA. 

Summary of Comments Received in 
Response to the Proposed Rule 

NMFS h eld 16 pu blic h earin gs in 
Californ ia, Oregon , Id ah o, and  
Wash in gton to solicit comm en ts on th e 
p rop osed ru le. On e hund red and eigh ty- 
eigh t ind ividu als p resen ted testim on y at 
th e pu blic h earin gs. Du rin g th e 90-d ay 
pu blic comm en t p eriod , NMFS received 
939 w ritten comm en ts on th e p rop osed 
ru le from Fed eral, state, and local 
govern m en t agen cies, Ind ian tribes, n on - 
govern m en tal organ ization s, th e 
scien tific commun ity, and oth er 
ind ividu als. A num ber of comm en ts 
add ressed sp ecific techn ical issu es 
p ertain in g to a p articu lar geograph ic 
region or O. m yk iss p opu lation . Th ese 
techn ical comm en ts w ere con sid ered by 
NMFS’ BRT in its re-evalu ation of ESU 
bound aries and statu s and are d iscu ssed 
in th e upd ated Statu s Review d ocum en t 
(NMFS, 1997a). 

On Ju ly 1, 1994, NMFS, join tly w ith 
U.S. Fish and Wild life Service (FWS), 
pu blish ed a series of p olicies regard in g 
listin gs und er th e ESA, in clud in g a 
p olicy for p eer review of scien tific d ata 
(59 FR 34270). In accord an ce w ith th is 
p olicy, NMFS solicited 22 ind ividu als 
to take p art in a p eer review of its w est 
coast steelh ead p rop osed ru le. All 
ind ividu als solicited are recogn ized 
exp erts in th e field of steelh ead biology 
and rep resen t a broad ran ge of in terests, 
in clud in g Fed eral, state, and tribal 
resou rce m an agers, p rivate indu stry 
con su ltan ts, and acad em ia. Eigh t 
ind ividu als took p art in th e p eer review 
of th is action ; comm en ts from p eer 
review ers w ere con sid ered by NMFS’ 
BRT and are su mm arized in th e upd ated 
Statu s Review d ocum en t (NMFS, 
1997a). 

A su mm ary of comm en ts received in 
resp on se to th e p rop osed ru le is 
p resen ted below . 

Issu e 1: Su fficien cy and A ccu racy of 
S cien tific In form ation and A n alysis 

Com m en t: Num erou s comm en ters 
d ispu ted th e su fficien cy and accu racy of 
d ata wh ich NMFS emp loyed in its 
p rop osed ru le to list ten steelh ead ESUs 
as eith er th reaten ed or end an gered 
und er th e ESA. Several comm en ters 
u rged NMFS to d elay an y ESA listin g 
d ecision s for steelh ead un til add ition al 
scien tific in form ation is available 
con cern in g th is sp ecies. 

Resp on se: Section 4(b)(1)(A) of th e 
ESA requ ires th at NMFS m ake its listin g 
d eterm in ation s solely on th e basis of th e 
best available scien tific and comm ercial 
d ata after review in g th e statu s of th e 

sp ecies. NMFS believes th at in form ation 
con tain ed in th e agen cy’s statu s review 
(Bu sby et al., 1996), togeth er w ith m ore 
recen t in form ation obtain ed in resp on se 
to th e p rop osed ru le (NMFS, 1997a), 
rep resen t th e best scien tific in form ation 
p resen tly available for th e steelh ead 
ESUs add ressed in th is fin al ru le. NMFS 
h as condu cted an exh au stive review of 
all available in form ation relevan t to th e 
statu s of th is sp ecies. NMFS h as also 
solicited in form ation and op in ion from 
all in terested p arties, in clud in g p eer 
review ers as d escribed above. If in th e 
fu tu re n ew d ata becom e available to 
ch an ge th ese con clu sion s, NMFS w ill 
act accord in gly. 

Section 4(b)(6) of th e ESA requ ires 
NMFS to pu blish a fin al d eterm in ation 
wh eth er a sp ecies w arran ts listin g as 
th reaten ed or end an gered w ith in 1 year 
from pu blish in g a p rop osed 
d eterm in ation . If su ch a fin al listin g is 
n ot w arran ted , NMFS mu st w ithd raw 
th e p rop osed regu lation . In certain cases 
wh ere NMFS con clud es th at su bstan tial 
d isagreem en t exists regard in g th e 
su fficien cy or accu racy of available d ata 
relevan t to its d eterm in ation s, NMFS 
m ay extend th is 1-year p eriod by n ot 
m ore th an 6 m on th s for th e pu rp oses of 
solicitin g add ition al d ata. (ESA 
§ 4(b)(6)(B)(i)). 

With resp ect to th ose steelh ead ESUs 
add ressed in th is fin al ru le, NMFS 
con clud es n o basis exists to d elay fin al 
ESA listin gs. State resou rce agen cies, 
p eer review ers, and oth er 
kn ow led geable p arties are in gen eral 
agreem en t th at steelh ead stocks in th ese 
areas are at risk. As d escribed in a 
sep arate Federal Register n otice, 
h ow ever, NMFS h as d eterm in ed a 6- 
m on th exten sion is w arran ted for five 
rem ain in g ESUs of w est coast steelh ead . 
Th ese ESUs in clud e th e follow in g: 
Low er Colum bia River, Oregon Coast, 
Klam ath Moun tain s Provin ce, North ern 
Californ ia, and th e Cen tral Valley of 
Californ ia. For th ese p articu lar ESUs, 
NMFS con clud es th at su bstan tial 
d isagreem en t exists regard in g th e 
su fficien cy and accu racy of th e d ata. 
Several efforts are und erw ay th at m ay 
resolve scien tific d isagreem en t 
regard in g th e su fficien cy and accu racy 
of d ata relevan t to th ese ESUs. NMFS 
h as und ertaken an in ten sive effort to 
an alyze th e d ata received du rin g and 
after th e comm en t p eriod on th e 
p rop osed ESUs from th e States of 
Wash in gton , Oregon , and Californ ia, as 
w ell as from p eer review ers. Th is w ork 
w ill in clud e evalu atin g th e Oregon 
Dep artm en t of Fish and Wild life 
(ODFW) m od els, an alyzin g p opu lation 
abund an ce trend s wh ere n ew d ata are 
available, and exam in in g n ew gen etic 
d ata relative to th e relation sh ip betw een 

w in ter and summ er steelh ead and  
betw een h atch ery and w ild fish . In ligh t 
of th ese d isagreem en ts and th e fact th at 
m ore d ata are forth com in g, NMFS 
extend s th e fin al d eterm in ation 
d ead lin e for th ese ESUs for 6 m on th s, 
un til Febru ary 9, 1998. 
Issu e 2: Descrip tion and S tatu s of 
S teelh ead ES Us 

Com m en t: A few comm en ters 
d ispu ted NMFS’ con clu sion s regard in g 
th e geograph ic bound aries for som e of 
th e ESUs and qu estion ed NMFS’ basis 
for d eterm in in g th ese bound aries. Most 
of th ese comm en ts p ertain ed to th e 
ESUs sou th of San Fran cisco Bay, 
su ggestin g p articu lar river system s be 
exclud ed from listin g du e to h istorical 
or occasion al absen ce of steelh ead or 
rain bow trou t. 

Resp on se: NMFS h as pu blish ed a 
p olicy d escribin g h ow it w ill app ly th e 
ESA d efin ition of ‘‘sp ecies’’ to 
an ad rom ou s salm on id sp ecies (56 FR 
58612, Novem ber 20, 1991). More 
recen tly, NMFS and FWS pu blish ed a 
join t p olicy, con sisten t w ith NMFS’ 
p olicy, regard in g th e d efin ition of 
‘‘d istin ct p opu lation segm en ts’’ (61 FR 
4722, Febru ary 7, 1996). Th e earlier 
p olicy is m ore d etailed and app lies 
sp ecifically to Pacific salm on id s and , 
th erefore, w as u sed for th is 
d eterm in ation . Th is p olicy in d icates 
th at on e or m ore n atu rally rep rodu cin g 
salm on id p opu lation s w ill be 
con sid ered to be d istin ct and , h en ce, 
sp ecies und er th e ESA, if th ey rep resen t 
an ESU of th e biological sp ecies. To be 
con sid ered an ESU, a p opu lation mu st 
satisfy tw o criteria: (1) It mu st be 
rep rodu ctively isolated from oth er 
p opu lation un its of th e sam e sp ecies; 
and (2) it mu st rep resen t an imp ortan t 
comp on en t in th e evolu tion ary legacy of 
th e biological sp ecies. Th e first 
criterion , rep rodu ctive isolation , n eed 
n ot be absolu te bu t mu st h ave been 
stron g en ou gh to p erm it evolu tion arily 
imp ortan t d ifferen ces to occu r in 
d ifferen t p opu lation un its. Th e second 
criterion is m et if th e p opu lation 
con tribu tes su bstan tially to th e 
ecological or gen etic d iversity of th e 
sp ecies as a wh ole. Gu id an ce on 
app lyin g th is p olicy is con tain ed in a 
scien tific p ap er en titled : ‘‘Pacific 
Salm on (On corh yn chu s spp .) and th e 
Defin ition of ‘Sp ecies’ und er th e 
End an gered Sp ecies Act.’’ It is also 
found in a NOAA Techn ical 
Mem orandu m : ‘‘Defin ition of ‘Sp ecies’ 
Und er th e End an gered Sp ecies Act: 
App lication to Pacific Salm on ’’ (Wap les, 
1991). A m ore d etailed d iscu ssion of 
ind ividu al ESU bound aries is p rovid ed 
below und er ‘‘Summ ary of Con clu sion s 
Regard in g Listed ESUs.’’ 
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Com m en t: Several comm en ters 
qu estion ed NMFS’ m eth od ology for 
d eterm in in g wh eth er a given steelh ead 
ESU w arran ted listin g. In m ost cases, 
su ch comm en ters also exp ressed 
op in ion s regard in g wh eth er listin g w as 
w arran ted for a p articu lar steelh ead 
ESU. A few comm en ters p rovid ed 
su bstan tive n ew in form ation relevan t to 
m akin g risk assessm en ts. 

Resp on se: Section 3 of th e ESA 
d efin es th e term ‘‘end an gered sp ecies’’ 
as ‘‘an y sp ecies wh ich is in d an ger of 
extin ction th rou gh ou t all or a sign ifican t 
p ortion of its ran ge.’’ Th e term 
‘‘th reaten ed sp ecies’’ is d efin ed as ‘‘an y 
sp ecies wh ich is likely to becom e an 
end an gered sp ecies w ith in th e 
foreseeable fu tu re th rou gh ou t all or a 
sign ifican t p ortion of its ran ge.’’ NMFS 
h as id en tified a num ber of factors th at 
sh ou ld be con sid ered in evalu atin g th e 
level of risk faced by an ESU, in clud in g: 
(1) Absolu te num bers of fish and th eir 
sp atial and temp oral d istribu tion ; (2) 
cu rren t abund an ce in relation to 
h istorical abund an ce and cu rren t 
carryin g cap acity of th e h abitat; (3) 
trend s in abund an ce; (4) n atu ral and 
hum an -in flu en ced factors th at cau se 
variability in su rvival and abund an ce; 
(5) p ossible th reats to gen etic in tegrity 
(e.g., from strays or ou tp lan ts from 
h atch ery p rogram s); and (6) recen t 
even ts (e.g., a d rou gh t or ch an ges in 
h arvest m an agem en t) th at h ave 
p red ictable sh ort-term con sequ en ces for 
abund an ce of th e ESU. A m ore d etailed 
d iscu ssion of statu s of ind ividu al ESUs 
is p rovid ed below und er ‘‘Summ ary of 
Con clu sion s Regard in g Listed ESUs.’’ 

 

Issu e 3: Factors Con tribu tin g to th e 
Declin e of W est Coast S teelh ead 

Com m en t: Man y comm en ters 
id en tified factors th ey believe h ave 
con tribu ted to th e d eclin e of w est coast 
steelh ead . Factors id en tified in clud e 
overh arvest by recreation al fish eries, 
p red ation by p inn ip ed s and p iscivorou s 
fish sp ecies, effects of artificial 
p rop agation , and th e d eterioration or 
loss of fresh w ater and m arin e h abitats. 

Resp on se: NMFS agrees th at m an y 
factors, p ast and p resen t, h ave 
con tribu ted to th e d eclin e of w est coast 
steelh ead . NMFS also recogn izes th at 
n atu ral en vironm en tal flu ctu ation s h ave 
likely p layed a role in th e sp ecies’ 
recen t d eclin es. How ever, NMFS 
believes oth er hum an -indu ced imp acts 
(e.g., in cid en tal catch in certain 
fish eries, h atch ery p ractices, and h abitat 
m od ification ) h ave p layed an equ ally 
sign ifican t role in th is sp ecies’ d eclin e. 
Moreover, th ese hum an -indu ced 
imp acts h ave likely redu ced th e sp ecies’ 
resilien cy to n atu ral factors for d eclin e 

su ch as d rou gh t, p oor ocean cond ition s, 
and p red ation (NMFS, 1996a). 

Sin ce th e tim e of th is p rop osed 
listin g, NMFS h as pu blish ed a rep ort 
d escribin g th e imp acts of Californ ia Sea 
Lion s and Pacific Harbor Seals up on 
salm on id s and on th e coastal 
ecosystem s of Wash in gton , Oregon , and 
Californ ia (NMFS, 1997b). Th is rep ort 
con clud es th at in certain cases wh ere 
p inn ip ed p opu lation s co-exist w ith 
d ep ressed salm on id p opu lation s, 
salm on p opu lation s m ay exp erien ce 
severe imp acts du e to p red ation . An 
examp le of su ch a situ ation is Ballard 
Locks, WA, wh ere sea lion s are kn own  
to con sum e sign ifican t num bers of adu lt 
w in ter steelh ead . Th is stud y fu rth er 
con clud es th at d ata regard in g p inn ip ed 
p red ation is qu ite lim ited and th at 
su bstan tial add ition al research is 
n eed ed to fu lly add ress th is issu e. For 
add ition al in form ation on th is issu e see 
th e ‘‘Summ ary of Factors Affectin g 
Steelh ead ’’ below . 

Com m en t: On e p eer review er and  
several comm en ters stated th at NMFS’ 
assessm en t und erestim ated th e 
sign ifican t in flu en ce of n atu ral 
en vironm en tal flu ctu ation s on salm on id 
p opu lation s. Several comm en ters stated 
th at ocean cond ition s are on e of th e 
p rim ary factors for d eclin e. Th ese 
comm en ters su ggested th at an y listin g 
activity sh ou ld be p ostp on ed un til th e 
comp lete ocean ograph ic cycle can be 
observed . 

Resp on se: En vironm en tal ch an ges in 
both m arin e and fresh w ater h abitats can 
h ave imp ortan t imp acts on steelh ead 
abund an ce. For examp le, a p attern of 
relatively h igh abund an ce in th e m id - 
1980s follow ed by (often sh arp ) d eclin es 
over th e n ext d ecad e occu rred in 
steelh ead p opu lation s from m ost 
geograph ic region s of th e Pacific 
Northw est. Th is resu lt is m ost p lau sibly 
exp lain ed by broad -scale ch an ges in 
ocean p rodu ctivity. Sim ilarly, 6 to 8 
years of d rou gh t in th e late 1980s and 
early 1990s ad versely affected m an y 
fresh w ater h abitats for steelh ead 
th rou gh ou t th e region . Th ese n atu ral 
ph en om en a pu t in creasin g p ressu re on 
n atu ral p opu lation s alread y stressed by 
an th rop ogen ic factors su ch as h abitat 
d egrad ation , blockage of m igratory 
rou tes, and h arvest (NMFS, 1996a). 

Imp rovem en t of cyclic or ep isod ic 
en vironm en tal cond ition s (for examp le, 
in creases in ocean p rodu ctivity or sh ifts 
from d rou gh t to w etter cond ition s) can  
h elp alleviate extin ction risk to 
steelh ead p opu lation s. How ever, NMFS 
cann ot reliably p red ict fu tu re 
en vironm en tal cond ition s, m akin g it 
un reason able to assum e imp rovem en ts 
in abund an ce as a resu lt of 
imp rovem en ts in su ch cond ition s. 

Fu rth erm ore, steelh ead and oth er 
sp ecies of Pacific salm on h ave evolved 
over th e cen tu ries w ith su ch cyclical 
en vironm en tal stresses. Th is sp ecies h as 
p ersisted th rou gh tim e in th e face of 
th ese cond ition s largely du e to th e 
p resen ce of fresh w ater and estu arin e 
refu gia. As th ese refu gia are altered and 
d egrad ed , Pacific salm on sp ecies are 
m ore vu ln erable to ep isod ic even ts su ch 
as sh ifts in ocean p rodu ctivity and  
d rou gh t cycles (NMFS, 1996a). 

 

Issu e 4: Con sid eration of Ex istin g 
Con servation Measu res 

 

Com m en t: Several comm en ters argu ed 
th at NMFS h ad n ot con sid ered existin g 
con servation p rogram s d esign ed to 
enh an ce steelh ead stocks w ith in a 
p articu lar ESU. Som e comm en ters 
p rovid ed sp ecific in form ation on som e 
of th ese p rogram s to NMFS con cern in g 
th e efficacy of existin g con servation 
p lan s. 

Resp on se: NMFS h as review ed 
existin g con servation p lan s and  
m easu res relevan t to th e five ESUs 
add ressed in th is fin al ru le and  
con clud es th at existin g con servation 
efforts in th ese areas are n ot su fficien t 
to p reclud e listin g of ind ividu al ESUs at 
th is tim e. Several of th e p lan s add ressed 
in comm en ts sh ow p rom ise of 
am elioratin g th e risks facin g steelh ead . 
How ever, in m ost cases, m easu res 
d escribed in comm en ts h ave n ot been 
imp lem en ted or are in th eir early stages 
of imp lem en tation and h ave n ot yet 
d em on strated su ccess. Som e of th ese 
m easu res are also geograph ically lim ited 
to ind ividu al river basin s or p olitical 
su bd ivision s, th ereby imp rovin g 
cond ition s for on ly a sm all p ortion of 
th e en tire ESU. 

Wh ile existin g con servation efforts 
and p lan s are n ot su fficien t to p reclud e 
th e n eed for listin gs at th is tim e, th ey 
are n everth eless valu able for imp rovin g 
w atersh ed h ealth and restorin g fish ery 
resou rces. In th ose cases wh ere w ell 
d evelop ed , reliable con servation p lan s 
exist, NMFS m ay ch oose to in corp orate 
th em in to th e recovery p lann in g 
p rocess. In th e case of th reaten ed 
sp ecies, NMFS also h as flexibility und er 
section 4(d ) to tailor section 9 take 
regu lation s based on th e con ten ts of 
available con servation m easu res. NMFS 
fu lly in tend s to recogn ize local 
con servation efforts to th e fu llest exten t 
p ossible. End an gered Sp ecies Act listin g 
sh ou ld n ot be view ed as th e failu re of 
su ch p lan s; rath er, it sh ou ld be view ed 
as a ch allen ge to better coord in ate 
existin g con servation efforts to add ress 
th e und erlyin g p roblem s of w atersh ed 
d egrad ation and sp ecies h ealth . 
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Issu e 5: S teelh ead Biology and Ecology 
Com m en t: Several comm en ters and a 

p eer review er asserted th at resid en t 
rain bow trou t sh ou ld be in clud ed in 
listed steelh ead ESUs. Several 
comm en ters also stated th at NMFS and 
FWS sh ou ld add ress h ow th e p resen ce 
of rain bow trou t p opu lation s m ay 
am eliorate risks facin g an ad rom ou s 
p opu lation s w ith in listed ESUs. 

Resp on se: In its Au gu st 9, 1996, 
p rop osed ru le, NMFS stated th at based 
on available gen etic in form ation , it w as 
th e con sen su s of NMFS scien tists, as 
w ell as region al fish ery biologists, th at 
resid en t fish sh ou ld gen erally be 
con sid ered p art of th e steelh ead ESUs. 
How ever, NMFS con clud ed th at 
available d ata w ere in con clu sive 
regard in g th e relation sh ip of resid en t 
rain bow trou t and steelh ead . NMFS 
requ ested add ition al d ata in th e 
p rop osed ru le to clarify th is relation sh ip 
and d eterm in e if resid en t rain bow trou t 
sh ou ld be in clud ed in listed steelh ead 
ESUs. 

In resp on se to th is requ est for 
add ition al in form ation , m an y group s 
and ind ividu als exp ressed op in ion s 
regard in g th is issu e. In m ost cases th ese 
op in ion s w ere n ot supp orted by n ew 
in form ation th at resolves existin g 
un certain ty. Tw o state fish ery 
m an agem en t agen cies (Californ ia 
Dep artm en t of Fish and Gam e and 
Wash in gton Dep artm en t of Fish and 
Wild life) and on e p eer review er 
p rovid ed comm en ts and in form ation 
supp ortin g th e in clu sion of resid en t 
rain bow trou t in listed steelh ead ESUs. 
In gen eral, th ese p arties also felt th at 
rain bow trou t m ay serve as an imp ortan t 
reservoir of gen etic m aterial for at risk 
steelh ead stocks. 

Wh ile con clu sive evid en ce d oes n ot 
yet exist regard in g th e relation sh ip of 
resid en t and an ad rom ou s O. m yk iss, 
NMFS believes available evid en ce 
su ggests th at resid en t rain bow trou t 
sh ou ld be in clud ed in listed steelh ead 
ESUs in certain cases. Su ch cases 
in clud e: (1) Wh ere resid en t O. m yk iss  
h ave th e opp ortun ity to in terbreed w ith 
an ad rom ou s fish below n atu ral or m an - 
m ad e barriers; or (2) wh ere resid en t fish 
of n ative lin eage on ce h ad th e ability to 
in terbreed w ith an ad rom ou s fish bu t n o 
lon ger d o becau se th ey are cu rren tly 
above hum an -m ad e barriers, and th ey 
are con sid ered essen tial for recovery of 
th e ESU. Wh eth er resid en t fish th at 
exist above an y p articu lar m an -m ad e 
barrier m eet th ese criteria, mu st be 
review ed on a case-by-case basis by 
NMFS. NMFS recogn izes th at th ere m ay 
be m an y su ch cases in Californ ia alon e. 
Resid en t fish above lon g-stand in g 
n atu ral barriers, and th ose th at are 
d erived from th e in trodu ction of n on - 

n ative rain bow trou t, w ou ld n ot be 
con sid ered p art of an y ESU. 

Several lin es of evid en ce exist to 
supp ort th is con clu sion . Und er certain 
cond ition s, an ad rom ou s and resid en t O. 
m yk iss are app aren tly cap able n ot on ly 
of in terbreed in g, bu t also of h avin g  
offsp rin g th at exp ress th e altern ate life 
h istory form , th at is, an ad rom ou s fish 
can p rodu ce n on an ad rom ou s offsp rin g, 
and vice versa (Sh ap ovalov and Taft, 
1954; Bu rgn er et al., 1992). Mu llan et al. 
(1992) found evid en ce th at in very cold 
stream s, ju ven ile steelh ead h ad 
d ifficu lty attain in g ‘‘m ean th resh old size 
for sm oltification ’’ and con clud ed th at 
‘‘[m ]ost fish h ere [Meth ow River, WA] 
th at d o n ot em igrate d own stream early 
in life are th erm ally-fated to a resid en t 
life h istory regard less of wh eth er th ey 
w ere th e p rogen y of an ad rom ou s or 
resid en t p aren ts.’’ Add ition ally, 
Sh ap ovalov and Taft (1954) rep orted 
evid en ce of O. m yk iss m atu rin g in fresh 
w ater and sp awn in g p rior to th eir first 
ocean m igration ; th is life h istory 
variation h as also been found in 
cu tth roat trou t (O. clark i) and Atlan tic 
salm on (S alm o salar). 

NMFS believes resid en t fish can h elp 
bu ffer extin ction risks to an an ad rom ou s 
p opu lation by m itigatin g d ep en satory 
effects in sp awn in g p opu lation s (e.g., 
in ability of sp awn in g adu lts to find  
m ates du e to low p opu lation sizes), by 
p rovid in g offsp rin g th at m igrate to th e 
ocean and en ter th e breed in g p opu lation 
of steelh ead , and by p rovid in g a 
‘‘reserve’’ gen e p ool in fresh w ater th at 
m ay p ersist th rou gh tim es of 
un favorable cond ition s for an ad rom ou s 
fish . In sp ite of th ese p oten tial ben efits, 
p resen ce of resid en t p opu lation s is n ot 
a su bstitu te for con servation of 
an ad rom ou s p opu lation s. A p articu lar 
con cern is isolation of resid en t 
p opu lation s by hum an -cau sed barriers 
to m igration . Th is in terrup ts n orm al 
p opu lation d yn am ics and p opu lation 
gen etic p rocesses and can lead to loss of 
a gen etically based trait (an ad rom y). As 
d iscu ssed in NMFS’ ‘‘sp ecies 
id en tification ’’ p ap er (Wap les 1991), th e 
p oten tial loss of an ad rom y in d istin ct 
p opu lation segm en ts m ay in and of 
itself w arran t listin g th e sp ecies as a 
wh ole. 

On Febru ary 7, 1996, FWS and NMFS 
ad op ted a join t p olicy to clarify th eir 
in terp retation of th e ph rase ‘‘d istin ct 
p opu lation segm en t (DPS) of an y 
sp ecies of vertebrate fish or w ild life’’ for 
th e pu rp oses of listin g, d elistin g, and  
reclassifyin g sp ecies und er th e ESA (61 
FR 4722). DPSs are ‘‘sp ecies’’ pu rsu an t 
to section 3(15) of th e ESA. Previou sly, 
NMFS h ad d evelop ed a p olicy for stocks 
of Pacific salm on wh ere an ESU of a 
biological sp ecies is con sid ered 
‘‘d istin ct’’ (and h en ce a sp ecies) if it is 

su bstan tially rep rodu ctively isolated 
from oth er con sp ecific p opu lation un its, 
and it rep resen ts an imp ortan t 
comp on en t in th e evolu tion ary legacy of 
th e sp ecies (Novem ber 20, 1991, 56 FR 
58612). NMFS believes available d ata 
su ggest th at resid en t rain bow trou t are 
in m an y cases p art of steelh ead ESUs. 
How ever, th e FWS, wh ich h as ESA 
au th ority for resid en t fish , m ain tain s 
th at beh avioral form s can be regard ed as 
sep arate DPSs (e.g., w estern sn ow y 
p lover) and th at absen t evid en ce 
su ggestin g resid en t rain bow trou t n eed 
ESA p rotection , th e FWS con clud es th at 
on ly th e an ad rom ou s form s of each ESU 
sh ou ld be listed und er th e ESA (DOI, 
1997; FWS, 1997). 

In its review of w est coast steelh ead , 
th e NMFS BRT stated th at rain bow trou t 
and steelh ead in th e sam e area m ay 
sh are a comm on gen e p ool, at least over 
evolu tion ary tim e p eriod s (NMFS, 
1997a). Th e imp ortan ce of an y recovery 
action is m easu red in term s of its ability 
to recover th e listed sp ecies in th e 
foreseeable fu tu re. Th e FWS believes 
th at steelh ead recovery w ill n ot rely on 
th e in term itten t exch an ge of gen etic 
m aterial betw een resid en t and  
an ad rom ou s form s (FWS, 1997). As a 
resu lt, w ith ou t a clear d em on stration of 
an y risks to resid en t rain bow trou t or  
th e n eed to p rotect rain bow trou t to 
recover steelh ead in th e foreseeable 
fu tu re, th e FWS con clud es th at on ly th e 
an ad rom ou s form s of O. m yk iss sh ou ld 
be in clud ed in th e listed steelh ead ESUs 
at th is tim e (FWS 1997). Moreover, 
in clud in g resid en t form s of O. m yk iss in 
an y fu tu re listin g action und er th e ESA 
w ou ld n ecessitate th at th e tw o form s 
com bin ed m eet th e d efin ition of an 
end an gered or th reaten ed sp ecies (FWS, 
1997). 

Summary of Factors Affecting the 
Species 

Section 4(a)(1) of th e ESA and th e 
listin g regu lation s (50 CFR p art 424) set 
forth p rocedu res for listin g sp ecies. Th e 
Secretary of Comm erce (Secretary) mu st 
d eterm in e, th rou gh th e regu latory 
p rocess, if a sp ecies is end an gered or 
th reaten ed based up on an y on e or a 
com bin ation of th e follow in g factors: (1) 
Th e p resen t or th reaten ed d estru ction , 
m od ification , or cu rtailm en t of its 
h abitat or ran ge; (2) overu tilization for 
comm ercial, recreation al, scien tific, or 
edu cation al pu rp oses; (3) d isease or 
p red ation ; (4) in ad equ acy of existin g 
regu latory m ech an ism s; or (5) oth er 
n atu ral or hum an -m ad e factors affectin g 
its con tinu ed existen ce. 

As n oted earlier, NMFS received 
num erou s comm en ts regard in g th e 
relative imp ortan ce of variou s factors 
con tribu tin g to th e d eclin e of w est coast 
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steelh ead . Several recen t d ocum en ts 
d escribe in m ore d etail th e imp acts of 
variou s factors con tribu tin g to th e 
d eclin e of steelh ead and oth er 
salm on id s (e.g., NMFS, 1997c). Relative 
to w est coast steelh ead , NMFS h as 
p rep ared a supp ortin g d ocum en t th at 
add resses th e factors lead in g to th e 
d eclin e of th is sp ecies en titled ‘‘Factors 
for Declin e: A supp lem en t to th e n otice 
of d eterm in ation for w est coast 
steelh ead ’’ (NMFS, 1996a). Th is rep ort, 
available up on requ est (see ADDRESSES), 
con clud es th at all of th e factors 
id en tified in section 4(a)(1) of th e ESA 
h ave p layed a role in th e d eclin e of th e 
sp ecies. Th e rep ort id en tifies 
d estru ction and m od ification of h abitat, 
overu tilization for recreation al 
pu rp oses, and n atu ral and hum an -m ad e 
factors as bein g th e p rim ary reason s for 
th e d eclin e of w est coast steelh ead . Th e 
follow in g d iscu ssion briefly su mm arizes 
find in gs regard in g factors for d eclin e 
across th e ran ge of w est coast steelh ead . 
Wh ile th ese factors h ave been treated 
h ere in gen eral term s, it is imp ortan t to 
und erscore th at imp acts from certain 
factors are m ore acu te for sp ecific ESUs. 
For examp le, imp acts from h yd rop ow er 
d evelopm en t are m ore p ervasive for 
ESUs in th e Upp er Colum bia River and 
Sn ake River ESUs th an for som e coastal 
ESUs. 
A . Th e Presen t or Th reaten ed 
Destru ction , Mod ification , or 
Cu rtailm en t of its Habitat or Ran ge 

Steelh ead on th e w est coast of th e 
Un ited States h ave exp erien ced d eclin es 
in abund an ce in th e p ast several 
d ecad es as a resu lt of n atu ral and  
hum an factors. Forestry, agricu ltu re, 
m in in g, and u rban ization h ave 
d egrad ed , simp lified , and fragm en ted 
h abitat. Water d iversion s for agricu ltu re, 
flood con trol, d om estic, and  
h yd rop ow er pu rp oses (esp ecially in th e 
Colum bia River and Sacram en to-San 
Joaqu in Basin s) h ave greatly redu ced or 
elim in ated h istorically accessible 
h abitat. Stud ies estim ate th at du rin g th e 
last 200 years, th e low er 48 states h ave 
lost app roxim ately 53 p ercen t of all 
w etland s and th e m ajority of th e rest are 
severely d egrad ed (Dah l, 1990; Tin er, 
1991). Wash in gton and Oregon ’s 
w etland s are estim ated to h ave 
d im in ish ed by on e-th ird , wh ile 
Californ ia h as exp erien ced a 91-p ercen t 
loss of its w etland h abitat (Dah l, 1990; 
Jen sen et al., 1990; Barbou r et al., 1991; 
Reyn old s et al., 1993). Loss of h abitat 
comp lexity h as also con tribu ted to th e 
d eclin e of steelh ead . For examp le, in 
n ation al forests in Wash in gton , th ere 
h as been a 58-p ercen t redu ction in large, 
d eep p ools du e to sed im en tation and  
loss of p ool-form in g stru ctu res su ch as 

bou ld ers and large w ood (FEMAT, 
1993). Sim ilarly, in Oregon , th e 
abund an ce of large, d eep p ools on 
p rivate coastal land s h as d ecreased by 
as mu ch as 80 p ercen t (FEMAT, 1993). 
Sed im en tation from land u se activities 
is recogn ized as a p rim ary cau se of 
h abitat d egrad ation in th e ran ge of w est 
coast steelh ead . 
B. Overu tiliz ation for Com m ercial, 
Recreation al, S cien tific, or Edu cation al 
Pu rp oses 

Steelh ead supp ort an imp ortan t 
recreation al fish ery th rou gh ou t th eir 
ran ge. Du rin g p eriod s of d ecreased 
h abitat availability (e.g., d rou gh t 
cond ition s or summ er low flow wh en 
fish are con cen trated ), th e imp acts of 
recreation al fish in g on n ative 
an ad rom ou s stocks m ay be h eigh ten ed . 
NMFS h as review ed and evalu ated th e 
imp acts of recreation al fish in g on w est 
coast steelh ead p opu lation s (NMFS, 
1996a). Steelh ead are n ot gen erally 
targeted in comm ercial fish eries. High 
seas d riftn et fish eries in th e p ast m ay 
h ave con tribu ted sligh tly to a d eclin e of 
th is sp ecies in local areas, bu t cou ld n ot 
be solely resp on sible for th e large 
d eclin es in abund an ce observed alon g 
m ost of th e Pacific coast over th e p ast 
several d ecad es. 

A p articu lar p roblem occu rs in th e 
m ain stem of th e Colum bia River wh ere 
listed steelh ead from th e Upp er 
Colum bia and Sn ake River Basin ESUs 
m igrate at th e sam e tim e and are su bject 
to th e sam e fish eries as un listed , 
h atch ery-p rodu ced steelh ead , ch in ook 
and coh o salm on . In cid en tal h arvest 
m ortality in m ixed -stock sp ort and  
comm ercial fish eries m ay exceed 30 
p ercen t of listed p opu lation s. 
C. Disease or Pred ation 

In fectiou s d isease is on e of m an y 
factors th at can in flu en ce adu lt and  
ju ven ile steelh ead su rvival. Steelh ead 
are exp osed to num erou s bacterial, 
p rotozoan , viral, and p arasitic 
organ ism s in sp awn in g and rearin g 
areas, h atch eries, m igratory rou tes, and 
th e m arin e en vironm en ts. Sp ecific 
d iseases su ch as bacterial kid n ey 
d isease (BKD), ceratom yxosis, 
column aris, Fu run cu losis, in fectiou s 
h em atop oietic n ecrosis (IHNV), 
red m ou th and black sp ot d isease, 
Eryth rocytic In clu sion Bod y Synd rom e 
(EIBS), and wh irlin g d isease am on g 
oth ers are p resen t and are kn own to 
affect steelh ead and salm on (Ru cker et 
al., 1953; Wood , 1979; Leek, 1987; Foott 
et al., 1994; Gou ld and Wed em eyer, 
und ated ). Very little cu rren t or 
h istorical in form ation exists to qu an tify 
ch an ges in in fection levels and  
m ortality rates attribu table to th ese 

d iseases for steelh ead . How ever, stud ies 
h ave sh own th at n ative fish tend to be 
less su scep tible to p ath ogen s th an 
h atch ery-reared fish (Bu ch an on et al., 
1983; Sand ers et al., 1992). 

In trodu ction s of n on -n ative sp ecies 
and h abitat m od ification s h ave resu lted 
in in creased p red ator p opu lation s in 
num erou s river system s, th ereby 
in creasin g th e level of p red ation 
exp erien ced by salm on id s. Pred ation by 
p inn ip ed s is also of con cern in areas 
exp erien cin g dw ind lin g steelh ead run 
sizes. How ever, salm on and m arin e 
m amm als h ave coexisted for th ou sand s 
of years and m ost in vestigators con sid er 
p red ation an in sign ifican t con tribu tin g 
factor to th e large d eclin es observed in 
w est coast steelh ead p opu lation s. 

 

D. In ad equ acy of Ex istin g Regu latory 
Mech an ism s 
1. Fed eral and State Forest Practices  

Th e Northw est Forest Plan (NFP) is a 
Fed eral m an agem en t p olicy w ith 
imp ortan t ben efits for steelh ead . Wh ile 
th e NFP covers a very large area, th e 
overall effectiven ess of th e NFP in 
con servin g steelh ead is lim ited by th e 
exten t of Fed eral land s and th e fact th at 
Fed eral land own ersh ip is n ot un iform ly 
d istribu ted in w atersh ed s w ith in th e 
affected ESUs. Th e exten t and  
d istribu tion of Fed eral land s lim its th e 
NFP’s ability to ach ieve its aqu atic 
h abitat restoration objectives at 
w atersh ed and river basin scales and 
h igh ligh ts th e imp ortan ce of 
comp lem en tary salm on h abitat 
con servation m easu res on n on -Fed eral 
land s w ith in th e su bject ESUs. For 
examp le, th ere are n o Fed eral land s 
m an aged und er th e NFP w ith in th e 
Cen tral Californ ia, Sou th -Cen tral 
Californ ia, or Sou th ern Californ ia ESUs. 

On Febru ary 25, 1995, th e U.S. Forest 
Service and Bu reau of Land  
Man agem en t ad op ted Imp lem en tation of 
In terim Strategies for Man agin g 
An ad rom ou s Fish -p rodu cin g 
Watersh ed s in eastern Oregon and 
Wash in gton , Id ah o, and p ortion s of 
Californ ia (kn own as PACFISH). Th e 
strategy w as d evelop ed in resp on se to 
sign ifican t d eclin es in n atu rally- 
rep rodu cin g salm on id stocks, in clud in g 
steelh ead , and w id esp read d egrad ation 
of an ad rom ou s fish h abitat th rou gh ou t 
pu blic land s in Id ah o, Wash in gton , 
Oregon , and Californ ia ou tsid e th e ran ge 
of th e n orth ern sp otted ow l. Like th e 
NFP, PACFISH is an attemp t to p rovid e 
a con sisten t app roach for m ain tain in g 
and restorin g aqu atic and rip arian 
h abitat cond ition s wh ich , in tu rn , are 
exp ected to p rom ote th e su stain ed 
n atu ral p rodu ction of an ad rom ou s fish . 
How ever, as w ith th e NFP, PACFISH is 
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lim ited by th e exten t of Fed eral land s 
and th e fact th at Fed eral land own ersh ip 
is n ot un iform ly d istribu ted in 
w atersh ed s w ith in th e affected ESUs. In 
th e Sou th -Cen tral Californ ia and  
Sou th ern Californ ia ESU, for examp le, 
Fed eral land s m an aged by th e U.S. 
Forest Service rep resen t less th an 15–25 
p ercen t of each ESU. Moreover, mu ch of 
th ese Fed eral land s are located in upp er 
elevation areas above cu rren tly 
imp assible barriers. Fu rth erm ore, 
PACFISH w as d esign ed to be a sh ort- 
term land m an agem en t/ an ad rom ou s fish 
con servation strategy to h alt h abitat 
d egrad ation and begin th e restoration 
p rocess un til a lon g-term strategy cou ld 
be ad op ted . In teragen cy PACFISH 
imp lem en tation rep orts from 1995 and 
1996 ind icate PACFISH h as n ot been 
con sisten tly imp lem en ted and h as n ot 
ach ieved th e level of con servation 
an ticip ated for th e sh ort-term . 
Add ition ally, becau se PACFISH w as 
exp ected to be rep laced w ith in 18 
m on th s, it requ ired on ly m in im al levels 
of w atersh ed an alysis and restoration . 
Th e in terim PACFISH strategy cou ld be 
effective un til summ er 1998, wh en th e 
In terior Colum bia River basin 
En vironm en tal Imp act Statem en ts 
rep lace it. In total, PACFISH w ou ld be 
in p lace for a p eriod of app roxim ately 
42 m on th s and its lon g-term lim itation s 
h ave alread y resu lted in lost 
con servation opp ortun ities for 
th reaten ed and p rop osed an ad rom ou s 
fish es. 

Th e Californ ia Dep artm en t of Forestry 
and Fire Protection (CDF) en forces th e 
State of Californ ia’s forest p ractice ru les 
(CFPRs) th at are p romu lgated th rou gh  
th e Board of Forestry (BOF). Th e CFPRs 
con tain p rovision s th at can be 
p rotective of steelh ead if fu lly 
imp lem en ted . How ever, NMFS believes 
th e CFPRs d o n ot secu re p rop erly 
fun ction in g rip arian h abitat. 
Sp ecifically, th e CFPRs d o n ot 
ad equ ately add ress large w ood y d ebris 
recru itm en t, stream sid e tree reten tion to 
m ain tain ban k stability, and can op y 
reten tion stand ard s th at assu re stream 
temp eratu res are p rop erly fun ction in g 
for all life stages of steelh ead . Th e 
cu rren t p rocess for app rovin g Tim ber 
Harvest Plan s (THPs) und er th e CFPRs 
d oes n ot in clud e m on itorin g of tim ber 
h arvest op eration s to d eterm in e wh eth er 
a p articu lar op eration d am aged h abitat 
and , if so, h ow it m igh t be m itigated in 
fu tu re THPs. Th e CFPR ru le th at p erm its 
salvage loggin g is also an area wh ere 
better en vironm en tal review and 
m on itorin g cou ld en su re better 
p rotection for steelh ead . For th ese 
reason s, NMFS is w orkin g to imp rove 
th e cond ition of rip arian bu ffers in 

on goin g h abitat con servation p lan 
n egotiation s w ith p rivate land own ers. 

Th e Wash in gton Dep artm en t of 
Natu ral Resou rces imp lem en ts and  
en forces th e State of Wash in gton ’s forest 
p ractice ru les (WFPRs) wh ich are 
p romu lgated th rou gh th e Forest 
Practices Board . Th ese WFPRs con tain 
p rovision s th at can be p rotective of 
steelh ead if fu lly imp lem en ted . Th is is 
p ossible given th at th e WFPR’s are 
based on ad ap tive m an agem en t of forest 
land s th rou gh w atersh ed an alysis, 
d evelopm en t of site-sp ecific land 
m an agem en t p rescrip tion s, and  
m on itorin g. Watersh ed An alysis 
p rescrip tion s can exceed WFPR m in im a 
for stream and rip arian p rotection . 
How ever, NMFS believes th e WFPRs, 
in clud in g w atersh ed an alysis, d o n ot 
p rovid e p rop erly fun ction in g rip arian 
and in stream h abitats. Sp ecifically, th e 
base WFPRs d o n ot ad equ ately add ress 
large w ood y d ebris recru itm en t, tree 
reten tion to m ain tain stream ban k 
in tegrity and ch ann el n etw orks w ith in 
floodp lain s, and ch ron ic and ep isod ic 
inpu ts of coarse and fin e sed im en t th at 
m ain tain h abitats th at are p rop erly 
fun ction in g for all life stages of 
steelh ead . 

Th e m ajority of land area w ith in th e 
Sn ake River ESU (abou t 70 p ercen t) is 
und er Fed eral m an agem en t; th erefore, 
in m ost w atersh ed s th e State of Id ah o’s 
forest p ractice ru les p lay a lesser role in 
forest m an agem en t relative to Fed eral 
m easu res (i.e., PACFISH). Even so, 
NMFS believes th at certain asp ects of 
th e State’s forest p ractice ru les d o n ot 
avoid ad verse effects to an ad rom ou s fish 
p opu lation s or th eir h abitat. 
Sp ecifically, cu rren t rip arian bu ffer 
w id th requ irem en ts are in ad equ ate, as 
w ell as ru les wh ich d o n ot p roh ibit 
loggin g on un stable h illsid es and 
land slid e p ron e areas. 

 

2. Dred ge, Fill, and Inw ater 
Con stru ction Program s 

 

Th e Arm y Corp s of En gin eers (COE) 
regu lates rem oval/ fill activities und er 
section 404 of th e Clean Water Act 
(CWA), wh ich requ ires th at th e COE n ot 
p erm it a d isch arge th at w ou ld ‘‘cau se or 
con tribu te to sign ifican t d egrad ation of 
th e w aters of th e Un ited States.’’ On e of 
th e factors th at mu st be con sid ered in 
th is d eterm in ation is cumu lative effects. 
How ever, th e COE gu id elin es d o n ot 
sp ecify a m eth od ology for assessin g 
cu mu lative imp acts or h ow mu ch 
w eigh t to assign th em in d ecision - 
m akin g. Fu rth erm ore, th e COE d oes n ot 
h ave in p lace an y p rocess to add ress th e 
add itive effects of th e con tinu ed 
d evelopm en t of w aterfron t, riverin e, 
coastal, and w etland p rop erties. 

3. Water Qu ality Program s 
Th e Fed eral CWA is in tend ed to 

p rotect ben eficial u ses, in clud in g 
fish ery resou rces. To d ate, 
imp lem en tation h as n ot been effective 
in ad equ ately p rotectin g fish ery 
resou rces, p articu larly w ith resp ect to 
n on -p oin t sou rces of p ollu tion . 

Section 303(d )(1) (C) and (D) of th e 
CWA requ ires states to p rep are Total 
Maximu m Daily Load s (TMDLs) for all 
w ater bod ies th at d o n ot m eet State 
w ater qu ality stand ard s. TMDLs are a 
m eth od for qu an titative assessm en t of 
en vironm en tal p roblem s in a w atersh ed 
and id en tifyin g p ollu tion redu ction s 
n eed ed to p rotect d rin kin g w ater, 
aqu atic life, recreation , and oth er u se of 
rivers, lakes, and stream s. TMDLs m ay 
add ress all p ollu tion sou rces in clud in g 
p oin t sou rces su ch as sew age or 
indu strial p lan t d isch arges, and n on - 
p oin t d isch arges su ch as run off from 
road s, farm field s, and forests. 

Th e CWA gives state govern m en ts th e 
p rim ary resp on sibility for establish in g 
TMDLs. How ever, EPA is requ ired to d o 
so if a state d oes n ot m eet th is 
resp on sibility. In Californ ia, as a resu lt 
of recen t litigation , th e EPA h as m ad e a 
legal comm itm en t gu aran teein g th at 
eith er EPA or th e State of Californ ia w ill 
establish TMDLs, th at id en tify p ollu tion 
redu ction targets, for 18 imp aired river 
basin s in n orth ern Californ ia by th e year 
2007. Th e State of Californ ia h as m ad e 
a comm itm en t to establish TMDLs for 
app roxim ately h alf th e 18 river basin s 
by 2007. Th e EPA w ill d evelop TMDLs 
for th e rem ain in g basin s and h as also 
agreed to comp lete all TMDLs if th e 
State fails to m eet its comm itm en t 
w ith in th e agreed up on tim e fram e. 

State agen cies in Oregon are 
comm itted to comp letin g TMDLs for 
coastal d rain ages w ith in 4 years, and all 
imp aired w aters w ith in 10 years. 
Sim ilarly am bitiou s sch edu les are in 
p lace, or bein g d evelop ed for 
Wash in gton and Id ah o. 

Th e ability of th ese TMDLs to p rotect 
steelh ead sh ou ld be sign ifican t in th e 
lon g term ; h ow ever, it w ill be d ifficu lt 
to d evelop th em qu ickly in th e sh ort 
term and th eir efficacy in p rotectin g 
steelh ead h abitat w ill be un kn own for 
years to com e. 
4. Hatch ery and Harvest Man agem en t 

In th e p ast, n on -n ative steelh ead 
stocks h ave been in trodu ced as 
brood stock in h atch eries and w id ely 
tran sp lan ted in m an y coastal rivers and 
stream s in Californ ia (Bryan t, 1994; 
Bu sby et al., 1996; NMFS, 1997a). 
Becau se of p roblem s associated w ith 
th is p ractice, Californ ia Dep artm en t of 
Fish and Gam e (CDFG) d evelop ed its 
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Salm on and Steelh ead Stock 
Man agem en t Policy. Th is p olicy 
recogn izes th at su ch stock m ixin g is  
d etrim en tal and seeks to m ain tain th e 
gen etic in tegrity of all id en tifiable 
stocks of salm on and steelh ead in 
Californ ia, as w ell as m in im ize 
in teraction s betw een h atch ery and 
n atu ral p opu lation s. To p rotect th e 
gen etic in tegrity of salm on and  
steelh ead stocks, th is p olicy d irects 
CDFG to evalu ate each salm on and 
steelh ead stream and classify it 
accord in g to its p robable gen etic sou rce 
and d egree of in tegrity. Th is h as n ot yet 
been accomp lish ed by th e State. 

Californ ia’s Steelh ead Man agem en t 
Plan [or p lan ] w as ad op ted and  
pu blish ed in Febru ary 1996. Th e p lan 
recogn izes th at restoration of 
Californ ia’s steelh ead p opu lation s 
requ ires a broad app roach th at 
emph asizes ecosystem restoration . Th e 
p lan focu ses on restoration of n ative and 
n atu rally p rodu ced steelh ead stocks 
becau se of th eir imp ortan ce in 
m ain tain in g gen etic and biological 
d iversity and for th eir aesth etic valu es. 
Th e Steelh ead Plan p resen ts a h istorical 
accoun t of th e d eclin e of Californ ia’s 
steelh ead p opu lation s, and id en tifies 
n eed ed restoration m easu res both on a 
broad , p rogramm atic scale an d on a 
stream -sp ecific scale. Th e Steelh ead 
Plan id en tifies recen t ch an ges in th e 
State’s steelh ead fish ery m an agem en t 
and regu lation s (e.g., steelh ead trou t 
catch rep ort—restoration card [AB 
2187], season al closu res and zero bag 
lim its for n early all coastal stream s from 
San ta Barbara Coun ty sou thw ard ) and  
also id en tifies recomm end ation s for 
fu rth er m an agem en t ch an ges to p rotect 
and con serve steelh ead p opu lation s. 
Th ese recomm end ed ch an ges in clud e 
m arkin g of all h atch ery-p rodu ced 
steelh ead in th e State, imp lem en tation 
of an 8-in ch m in imu m size lim it for all 
an ad rom ou s w aters in th e State, and a 
redu ction in th e State-w id e bag lim it to 
on e steelh ead p er d ay. CDFG h as ju st 
recen tly begun imp lem en tation of som e 
of th e m easu res id en tified in th is p lan . 

Hatch ery p rogram s and h arvest 
m an agem en t h ave stron gly in flu en ced 
steelh ead p opu lation s in th e Upp er 
Colum bia and Sn ake River Basin ESUs. 
Hatch ery p rogram s in tend ed to 
comp en sate for h abitat losses h ave 
m asked d eclin es in n atu ral stocks and  
h ave created un realistic exp ectation s for 
fish eries. Collection of n atu ral steelh ead 
for brood stock and tran sfers of stocks 
w ith in and betw een ESUs h as 
d etrim en tally imp acted som e 
p opu lation s. 

Th e th ree state agen cies (Oregon 
Dep artm en t of Fish and Wild life, 
Wash in gton Dep artm en t of Fish and  

Gam e, and Id ah o Dep artm en t of Fish 
and Gam e) h ave ad op ted and are 
imp lem en tin g n atu ral salm on id p olicies 
d esign ed to lim it h atch ery in flu en ces on 
n atu ral, ind igen ou s steelh ead . Sp ort 
fish eries are based on m arked , h atch ery- 
p rodu ced steelh ead , and sp ort fish in g 
regu lation s are d esign ed to p rotect w ild 
fish . Wh ile som e lim its h ave been 
p laced on h atch ery p rodu ction of 
an ad rom ou s salm on id s, m ore carefu l 
m an agem en t of cu rren t p rogram s and 
scru tin y of p rop osed p rogram s is 
n ecessary in ord er to m in im ize imp acts 
on listed sp ecies. 
E. Oth er N atu ral or Hu m an -Mad e 
Factors A ffectin g Its Con tinu ed 
Ex isten ce 

Natu ral clim atic cond ition s h ave 
exacerbated th e p roblem s associated 
w ith d egrad ed and altered riverin e and 
estu arin e h abitats. Persisten t d rou gh t 
cond ition s h ave redu ced alread y lim ited 
sp awn in g, rearin g and m igration h abitat. 
Clim atic cond ition s app ear to h ave 
resu lted in d ecreased ocean 
p rodu ctivity wh ich , du rin g m ore 
p rodu ctive p eriod s, m ay h elp offset 
d egrad ed freshw ater h abitat cond ition s 
(NMFS, 1996a). 

In an attemp t to m itigate th e loss of 
h abitat, exten sive h atch ery p rogram s 
h ave been imp lem en ted th rou gh ou t th e 
ran ge of steelh ead on th e West Coast. 
Wh ile som e of th ese p rogram s h ave 
su cceed ed in p rovid in g fish in g 
opp ortun ities, th e imp acts of th ese 
p rogram s on n ative, n atu rally- 
rep rodu cin g stocks are n ot w ell 
und erstood . Comp etition , gen etic 
in trogression , and d isease tran sm ission 
resu ltin g from h atch ery in trodu ction s 
m ay sign ifican tly redu ce th e p rodu ction 
and su rvival of n ative, n atu rally- 
rep rodu cin g steelh ead . Collection of 
n ative steelh ead for h atch ery brood stock 
pu rp oses often h arm s sm all or 
dw ind lin g n atu ral p opu lation s. 
Artificial p rop agation can p lay an 
imp ortan t role in steelh ead recovery 
th rou gh carefu lly con trolled 
supp lem en tation p rogram s. 

Summary of ESU Determinations 
Below follow s a summ ary of NMFS’ 

ESU d eterm in ation s for th ese sp ecies. A 
m ore d etailed d iscu ssion of ESU 
d eterm in ation s is p resen ted in th e 
‘‘Statu s Review Upd ate for West Coast 
Steelh ead from Wash in gton , Id ah o, 
Oregon , and Californ ia’’ (NMFS, 1997a). 
Cop ies of th is d ocum en t are available 
up on requ est (see ADDRESSES). 
(1) Cen tral Californ ia Coast ES U 

Th is coastal steelh ead ESU occup ies 
river basin s from th e Ru ssian River, 
Son om a Coun ty, CA, (in clu sive) to 

Ap tos Creek, San ta Cru z Coun ty, CA, 
(in clu sive), and th e d rain ages of San 
Fran cisco and San Pablo Bays eastw ard 
to th e Nap a River (in clu sive), Nap a 
Coun ty, CA. Th e Sacram en to-San 
Joaqu in River Basin of th e Cen tral 
Valley of Californ ia is exclud ed . 
En vironm en tal featu res sh ow a 
tran sition in th is region from th e 
n orth ern redw ood forest ecosystem to 
th e m ore xeric sou th ern ch ap arral and 
coastal scru b ecosystem s. Th is area is 
ch aracterized by very erosive soils in 
th e coast ran ge m oun tain s; redw ood 
forest is th e d om in an t coastal vegetation 
for th ese d rain ages. Precip itation is 
low er h ere th an in areas to th e n orth , 
and elevated stream temp eratu res 
(greater th an 20C) are comm on in th e 
summ er. Coastal up w ellin g in th is 
region is stron g and con sisten t, resu ltin g 
in a relatively p rodu ctive n earsh ore 
m arin e en vironm en t. 

NMFS h as d eterm in ed th at n o 
ch an ges in th e p rop osed bound aries of 
th e Cen tral Californ ia Coast ESU are 
w arran ted ; h ow ever, th e origin al w ritten 
d escrip tion of th is ESU in ad verten tly 
left a gap betw een Soqu el Creek and th e 
Pajaro River. Th is ESU in clud es 
steelh ead occup yin g th e Ru ssian River 
and all basin s sou th to Ap tos Creek bu t 
n ot in clud in g th e Pajaro River Basin . 

On e p eer review er qu estion ed th e 
basis for th e location of th e bound ary 
betw een th is ESU and th e Sou th -Cen tral 
Californ ia Coast, effectively sp littin g th e 
basin s th at flow in to Mon terey Bay. Th e 
ESU break betw een Ap tos Creek and th e 
Pajaro River is largely based on 
ecological d ifferen ces of th e river 
basin s. Th e Pajaro River and river basin s 
sou th of th ere d rain an arid in terior and 
end in broad coastal p lain s, wh ereas 
n orth of th e Pajaro River, th e river 
basin s largely d rain coastal m oun tain s 
at th e sou th ern end of th e n atu ral ran ge 
of th e redw ood forest. Th is bound ary is 
also con sisten t w ith th e sou th ern lim it 
of coh o salm on , fu rth er su ggestin g a 
n atu ral ecological break. 

NMFS find s n o biological basis to 
exclud e steelh ead from th e basin s of 
eith er San Fran cisco or San Pablo Bays 
from th is ESU, as som e comm en ters 
h ave su ggested . Th e ch aracteristics of 
h yd rology, geology, and upp er basin 
vegetation in th e basin s d rain in g in to 
San Fran cisco Bay and San Pablo Bay 
are m ore sim ilar to th ose attribu tes of 
th e coastal p ortion of th is ESU th an to 
th e Cen tral Valley ESU, alth ou gh 
resou rce m an agem en t activities and  
u rban ization h ave altered mu ch of th e 
h abitat. Life h istory ch aracteristics of 
steelh ead , su ch as p eriod of em igration 
and sp awn in g, are also con sisten t 
w ith in th is ESU. 
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Hatch ery Popu lation s Pertain in g to Th is 
ESU 

Hatch ery p opu lation s con sid ered p art 
of th is ESU in clud e Big Creek Hatch ery 
stock and San Loren zo River Hatch ery 
stock wh ich is reared at th e Big Creek 
h atch ery. Th e basis for th is con clu sion 
is th e m in im al in flu en ce of releases of 
fish from ou tsid e of th e ESU and th e 
gen etic sim ilarity betw een th ese and  
oth er region al stocks. Fu rth erm ore, 
adu lt collection and sp awn in g 
p rocedu res p racticed by th e h atch eries 
(wh ich in clud e u sin g n atu rally 
p rodu ced fish ) h ave h elp ed redu ce 
selection for d om estication and sm all 
p opu lation effects du rin g th e cou rse of 
h atch ery op eration s. 

Hatch ery p opu lation s n ot in clud ed in 
th e listed ESU at th is tim e in clud e th e 
Dry Creek stock at th e Warm Sp rin gs 
h atch ery. In form ation con cern in g th is 
stock is sp arse and th erefore th is stock’s 
relation sh ip to th e en tire ESU is 
un certain . NMFS w ill con tinu e to 
evalu ate an y n ew in form ation 
con cern in g th is stock in th e fu tu re to 
d eterm in e if its in clu sion is w arran ted . 
(2) S ou th -Cen tral Californ ia Coast ES U 

Th is coastal steelh ead ESU occup ies 
rivers from th e Pajaro River, located in 
San ta Cru z Coun ty, CA, (in clu sive) to 
(bu t n ot in clud in g) th e San ta Maria 
River, San Lu is Obisp o Coun ty, CA. 
Most rivers in th is ESU d rain th e San ta 
Lu cia Moun tain Ran ge, th e 
sou th ernm ost un it of th e Californ ia 
Coast Ran ges. Th e clim ate is d rier and 
w arm er th an in th e n orth , wh ich is 
reflected in th e vegetation al ch an ge 
from con iferou s forest to ch ap arral and 
coastal scru b. An oth er biological 
tran sition at th e n orth of th is area is th e 
sou th ern lim it of th e d istribu tion of 
coh o salm on (O. k isu tch ). Th e m ou th s 
of m an y of th e rivers and stream s in th is 
area are season ally closed by sand  
berm s th at form du rin g p eriod s of low 
flow in th e summ er. Th e sou th ern 
bound ary of th is ESU is n ear Poin t 
Con cep tion , a w ell-kn own tran sition 
area for th e d istribu tion and abund an ce 
of m arin e flora and faun a. 

NMFS h as d eterm in ed th at n o 
ch an ges in th e p rop osed bound aries of 
th e Sou th -Cen tral Californ ia Coast ESU 
are w arran ted . See d iscu ssion of th e 
Cen tral Californ ia Coast ESU, above, 
regard in g th e break betw een Ap tos 
Creek and th e Pajaro River. 

 

Hatch ery Popu lation s Pertain in g to Th is 
ESU 

Hatch ery p opu lation s con sid ered p art 
of th is ESU in clud e Wh ale Rock 
Reservoir stock. Alth ou gh th is stock w as 
establish ed from a steelh ead p opu lation 

th at w as trapp ed beh ind th e Wh ale Rock 
Dam in th e 1950s, it app aren tly retain s 
an an ad rom ou s comp on en t. Ju ven ile 
steelh ead are able to em igrate from 
Wh ale Rock Reservoir du rin g h igh sp ill 
years, and an ecd otal in form ation 
ind icates th at som e of th ese ju ven iles 
retu rn as adu lts to th e base of th e d am 
2 years later. 
(3) S ou th ern Californ ia ES U 

Th is coastal steelh ead ESU occup ies 
rivers from th e San ta Maria River, San 
Lu is Obisp o Coun ty, CA (in clu sive) to 
th e sou th ern exten t of th e sp ecies’ 
ran ge. Available d ata ind icate th at 
Malibu Creek, Los An geles Coun ty is th e 
sou th ernm ost stream gen erally 
recogn ized as supp ortin g a p ersisten t, 
n atu rally sp awn in g p opu lation of 
an ad rom ou s O. m yk iss (Behn ke, 1992; 
Bu rgn er et al., 1992). 

Migration and life h istory p attern s of 
sou th ern Californ ia steelh ead d ep end 
m ore stron gly on rain fall and  
stream flow th an is th e case for steelh ead 
p opu lation s farth er n orth (Moore, 1980; 
Titu s et al., in p ress). River en try ran ges 
from early Novem ber th rou gh Jun e, w ith 
p eaks in Janu ary and Febru ary. 
Sp awn in g p rim arily begin s in Janu ary 
and con tinu es th rou gh early Jun e, w ith 
p eak sp awn in g in Febru ary and March . 
Average rain fall is su bstan tially low er 
and m ore variable in th is ESU th an 
region s to th e n orth , resu ltin g in 
in creased du ration of sand berm s across 
th e m ou th s of stream s and rivers and , in 
som e cases, comp lete d ew aterin g of th e 
m argin al h abitats. En vironm en tal 
cond ition s in m argin al h abitats m ay be 
extrem e (e.g., elevated w ater 
temp eratu res, d rou gh ts, flood s, and  
fires) and p resum ably imp ose selective 
p ressu res on steelh ead p opu lation s. 
Steelh ead u se of sou th ern Californ ia 
stream s and rivers w ith elevated 
temp eratu res su ggests th at p opu lation s 
w ith in th is ESU are able to w ith stand  
h igh er temp eratu res th an th ose to th e 
n orth . Th e relatively w arm and  
p rodu ctive w aters of th e Ven tu ra River 
resu lted in m ore rap id grow th of 
ju ven ile steelh ead th an occu rred in 
n orth erly p opu lation s (Moore, 1980; 
McEw an & Jackson , 1996). How ever, 
relatively little life h istory in form ation 
exists for steelh ead from th is ESU. 

In th e p rop osed ru le NMFS stated th at 
th is ESU p resen tly extend s to th e 
sou th ern exten t of th e sp ecies ran ge 
wh ich is cu rren tly th ou gh t to be Malibu 
Creek, Los An geles Coun ty. Man y 
comm en ts w ere received regard in g th is 
issu e; m ost supp orted p lacin g th e 
sou th ern bound ary of th is ESU fu rth er 
sou th . NMFS h as review ed num erou s 
referen ces to steelh ead occu rrin g 
h istorically and recen tly in stream s as 

far sou th as th e U.S.-Mexico bord er. 
Wh ile available d ata ind icate th at 
steelh ead m ay occasion ally occu r as far 
sou th as th e San ta Margarita River, th e 
relation sh ip of th ese ind ividu als to 
th ose p opu lation s occu rrin g fu rth er 
n orth is p oorly und erstood . 

Based on available d ata, NMFS 
con clud es th at in su fficien t in form ation 
exists to ju stify revision of th e p rop osed 
sou th ern bound ary of th is ESU. 
Hatch ery Popu lation s Pertain in g to Th is 
ESU 

No h atch ery p rodu ction of steelh ead 
cu rren tly occu rs in th is ESU. 
(4) Upp er Colu m bia River Basin ES U 

Th is in land steelh ead ESU occup ies 
th e Colum bia River Basin up stream 
from th e Yakim a River, Wash in gton , to 
th e Un ited States-Can ad a bord er. Th e 
geograph ic area occup ied by th is ESU 
form s p art of th e larger Colum bia Basin 
Ecoregion (Om ern ik, 1987). Th e 
Wen atch ee and En tiat Rivers are in th e 
North ern Cascad es Ph ysiograph ic 
Provin ce, and th e Okan ogan and  
Meth ow Rivers are in th e Okan ogan 
High land s Ph ysiograph ic Provin ce. Th e 
geology of th ese p rovin ces is som ewh at 
sim ilar and very comp lex, d evelop ed 
from m arin e in vasion s, volcan ic 
d ep osits, and glaciation (Fran klin & 
Dyrn ess, 1973). Th e river valleys in th is 
region are d eep ly d issected and  
m ain tain low grad ien ts excep t in 
extrem e h ead w aters. Th e clim ate in th is 
area in clud es extrem es in temp eratu res 
and p recip itation , w ith m ost 
p recip itation fallin g in th e m oun tain s as 
sn ow . Stream flow in th is area is 
p rovid ed by m eltin g sn owp ack, 
groundw ater, and run off from alp in e 
glaciers. Mu llan et al. (1992) d escribed 
th is area as a h arsh en vironm en t for fish 
and stated th at ‘‘it sh ou ld n ot be 
con fu sed w ith m ore stud ied , ben ign , 
coastal stream s of th e Pacific 
Northw est.’’ 

Life h istory ch aracteristics for Upp er 
Colum bia River Basin steelh ead are 
sim ilar to th ose of oth er in land  
steelh ead ESUs; h ow ever, som e of th e 
old est sm olt ages for steelh ead , up to 7 
years, are rep orted from th is ESU. Th is 
m ay be associated w ith th e cold stream 
temp eratu res (Mu llan et al., 1992). 
Based on lim ited d ata available from 
adu lt fish , sm olt age in th is ESU is 
d om in ated by 2-year-old s. Steelh ead 
from th e Wen atch ee and En tiat Rivers 
retu rn to fresh w ater after 1 year in salt 
w ater, wh ereas Meth ow River steelh ead 
are p rim arily tw o-ocean resid en t 
(How ell et al., 1985). 

In 1939, th e con stru ction of Grand  
Cou lee Dam on th e Colum bia River 
blocked over 1,800 kilom eters of river 
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from access by an ad rom ou s fish (Mu llan 
et al., 1992). In an effort to p reserve fish 
run s affected by Grand Cou lee Dam , all 
an ad rom ou s fish m igratin g up stream 
w ere trapp ed at Rock Island Dam from 
1939 th rou gh 1943 and eith er released 
to sp awn in tribu taries betw een Rock 
Island and Grand Cou lee Dam s or 
sp awn ed in h atch eries and th e offsp rin g 
released in th at area (Peven , 1990; 
Mu llan et al., 1992; Ch apm an et al., 
1994). Th rou gh th is p rocess, stocks of 
all an ad rom ou s salm on id s, in clud in g 
steelh ead , wh ich w ere h istorically 
n ative to several sep arate su bbasin s 
above Rock Island Dam , w ere 
red istribu ted am on g tribu taries in th e 
Rock Island -Grand Cou lee reach w ith ou t 
regard to th eir origin . Exactly h ow th is 
h as affected stock comp osition of 
steelh ead is un kn own . 

NMFS h as d eterm in ed th at n o 
ch an ges in th e bound aries of th e Upp er 
Colum bia River ESU are w arran ted . No 
n ew in form ation w as received from p eer 
review ers or oth er comm en ters 
regard in g th e bound aries of th is ESU. 

Hatch ery Popu lation s Pertain in g to Th is 
ESU 

Hatch ery p opu lation s con sid ered p art 
of th is ESU in clud e th e Wells Hatch ery 
stock of steelh ead (Summ er run ). 
Alth ou gh th is stock rep resen ts a m ixtu re 
of n ative p opu lation s, it p robably 
retain s th e gen etic resou rces of 
steelh ead p opu lation s above Grand 
Cou lee Dam th at are n ow extin ct from 
th ose n ative h abitats. Op eration s at th e 
Wells Hatch ery h ave u tilized large 
num bers of sp awn in g adu lts (500) and 
h ave in corp orated som e n atu rally 
sp awn in g adu lts (10 p ercen t of th e total) 
in to th e brood stock each year, 
p rocedu res wh ich sh ou ld h elp 
m in im ize th e n egative gen etic effects of 
artificial p rop agation . Becau se of th e 
in corp oration of n atu rally-sp awn in g 
adu lts in to th e h atch ery brood stock and 
th e large num ber of h atch ery-p rop agated 
fish th at sp awn n atu rally, th ere is a 
close gen etic resem blan ce betw een 
n atu rally sp awn in g p opu lation s in th e 
ESU and th e Wells Hatch ery stock th at 
cou ld be u sed for recovery pu rp oses. 

Hatch ery p opu lation s n ot con sid ered 
p art of th is ESU in clud e th e Skam an ia 
Hatch ery stock (Summ er run ) becau se of 
its n on -n ative h eritage. 
(5) Sn ak e River Basin ES U 

Th is in land steelh ead ESU occup ies 
th e Sn ake River Basin of sou th east 
Wash in gton , n orth east Oregon and  
Id ah o. Th e Sn ake River flow s th rou gh 
terrain th at is w arm er and d rier on an 
annu al basis th an th e upp er Colum bia 
Basin or oth er d rain ages to th e n orth . 
Geologically, th e land form s are old er 

and mu ch m ore erod ed th an m ost oth er 
steelh ead h abitat. Th e eastern p ortion of 
th e basin flow s ou t of th e gran itic 
geological un it kn own as th e Id ah o 
Bath olith . Th e w estern Sn ake River 
Basin d rain s sed im en tary and volcan ic 
soils of th e Blu e Moun tain s comp lex. 
Collectively, th e en vironm en tal factors 
of th e Sn ake River Basin resu lt in a river 
th at is w arm er and m ore tu rbid , w ith 
h igh er p H and alkalin ity, th an is found 
elsewh ere in th e ran ge of in land  
steelh ead . 

Sn ake River Basin steelh ead are 
summ er steelh ead , as are m ost in land  
steelh ead , and h ave been classified in to 
tw o group s, A-run and B-run , based on 
m igration tim in g, ocean -age, and adu lt 
size. Sn ake River Basin steelh ead en ter 
fresh w ater from Jun e to October and     
sp awn in th e follow in g sp rin g from 
March to May. A-run steelh ead are 
th ou gh t to be p red om in ately on e-ocean , 
wh ile B-run steelh ead are th ou gh t to be 
tw o-ocean (IDFG, 1994). Sn ake River 
Basin steelh ead u su ally sm olt at age-2 or 
-3 years (Wh itt, 1954; BPA, 1992; 
Hassem er, 1992). 

NMFS con clud es th at n o ch an ges in 
th e p rop osed bound aries of th e Sn ake 
River Basin ESU are w arran ted . Wh ile 
several comm en ters stated th at A- and 
B-run steelh ead are d istin ctive and  
th erefore w arran t con sid eration as 
sep arate ESUs, n o n ew scien tific 
evid en ce w as p rovid ed to supp ort th is. 
As on e p eer review er n oted , th e 
d istin ction betw een A- and B-run fish 
cu rren tly is m ad e u sin g eith er tim in g- 
based or len gth -based d ivision s of 
steelh ead p assin g Bonn eville Dam , on 
th e m ain stem Colum bia River. Above 
Bonn eville d am , run -tim in g sep aration 
is n ot observed , and th e group s are 
sep arated based on ocean age and bod y 
size (IDFG, 1994). It is un clear if th e life 
h istory and bod y size d ifferen ces 
observed up stream are correlated w ith 
group s form in g th e bim od al m igration 
observed at Bonn eville d am . 
Fu rth erm ore, th e relation sh ip betw een 
p attern s observed at th e d am s and th e 
d istribu tion of adu lts in sp awn in g areas 
th rou gh th e Sn ake River basin is n ot 
w ell und erstood . Based on th e in ability 
to clearly d istin gu ish betw een A- and B- 
run steelh ead on ce above Bonn eville, 
NMFS con clud es th eir d ivision in to 
sep arate ESUs is n ot w arran ted . 
Hatch ery Popu lation s Pertain in g to Th is 
ESU 

Hatch ery p opu lation s con sid ered p art 
of th is ESU in clud e Dw orsh ak Nation al 
Fish Hatch ery (NFH) stock (Su mm er 
run ); Imn ah a River stock (Summ er run ); 
and Oxbow Hatch ery stock (Su mm er 
run ). Alth ou gh th e h istorical sp awn in g 
and rearin g h abitat for th e Dw orsh ack 

Hatch ery stock is n ot available to 
an ad rom ou s m igran ts (du e to th e 
con stru ction of Dw orsh ak Dam ), th is 
stock rep resen ts th e on ly sou rce of a 
gen etically d istin ct comp on en t of th e 
ESU. Fu rth erm ore, du e to th e absen ce of 
an y in trogression from oth er 
p opu lation s, th e pu rity of th is stock 
likely h as been m ain tain ed . Wh ile som e 
con cern exists for p oten tial 
d om estication or gen etic foun d er effects, 
h atch ery record s ind icate th at a 
m in imu m of a th ou sand adu lts h ave 
been u sed annu ally to p erp etu ate th e 
stock, wh ich w ou ld redu ce th e 
p ossibility of gen etic d rift lead in g to 
redu ced gen etic variation w ith in th e 
stock. 

NMFS con clud es th at th e Imn ah a 
River Hatch ery stock is p art of th e Sn ake 
River ESU. Th is stock w as recen tly 
found ed from an und ilu ted stock (w ith 
n o p reviou s h istory of n on -n ative 
h atch ery releases) for th e pu rp ose of 
p reservin g th e n ative gen etic resou rces 
of th is area. Th erefore, th is stock 
rep resen ts an imp ortan t comp on en t of 
th e evolu tion ary legacy of th is ESU. 

Fin ally, NMFS con clud es th at th e 
Oxbow Hatch ery stock is p art of th e 
Sn ake River ESU. Alth ou gh th is stock 
h as been und er artificial p rop agation for 
several gen eration s and h as been 
p rop agated alm ost en tirely from 
h atch ery-d erived adu lts, NMFS believes 
th is stock rep resen ts th e on ly sou rce of 
a un iqu e gen etic resou rce and as su ch 
is imp ortan t to p reserve as p art of th e 
ESU. 

Hatch ery p opu lation s n ot con sid ered 
p art of th e Sn ake River ESU in clud e th e 
Lyon s Ferry stock (Summ er run ), 
Pah sim eroi Hatch ery stock (Su mm er 
run ), East Fork Salm on River Trap 
(Summ er run ), and Wallow a Hatch ery 
stock (Summ er run ). Th e Lyon s Ferry 
Hatch ery stock is exclud ed p rim arily 
based on th e u se of steelh ead from 
stocks th at origin ated ou tsid e of th is 
ESU. Th e Pah sim eroi Hatch ery stock 
con sists of a m ixtu re of p opu lation s, all 
of wh ich origin ate w ith in th e ESU; 
h ow ever, NMFS believes th at becau se 
th ese p opu lation s cam e from 
ecologically-d istin ct region s th rou gh ou t 
th e Sn ake River Basin , th e assem blage of 
th ese p opu lation s d oes n ot closely 
resem ble an y n atu rally sp awn in g 
coun terp art. In recen t years, h atch ery 
p ractices h ave focu sed on p rop agatin g 
th is stock solely from h atch ery d erived 
adu lts. Th e East Fork Salm on River Trap 
con sists of a m ixtu re of Pah sim eroi and 
Dw orsh ak Hatch ery stocks wh ich are 
n ot in clud ed in th e ESU. 

NMFS con clud es th at th e Wallow a 
Hatch ery stock is n ot in clud ed in th is 
ESU. Th is stock w as found ed by 
collection s of adu lts from low er Sn ake 
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River m ain stem d am s, and th ere w as n o 
clear con sen su s on wh ich p opu lation s 
w ith in th e Sn ake River Basin w ere 
rep resen ted in th e m ixtu re. Also, 
p opu lation s n ot n ative to th e Sn ake 
River (e.g., Skam an ia stock) h ave been 
in corp orated in to Wallow a Hatch ery 
brood stock. Man y of th e reason s for n ot 
in clud in g th is stock are sim ilar to th ose 
given for th e Pah sim eroi Hatch ery stock. 
Existing Conservation Efforts 

Und er section 4(b)(1)(A) of th e ESA, 
th e Secretary of Comm erce is requ ired 
to m ake listin g d eterm in ation s solely on 
th e basis of th e best scien tific and  
comm ercial d ata available an d after 
takin g in to accoun t efforts bein g m ad e 
to p rotect a sp ecies. Du rin g th e statu s 
review for w est coast steelh ead , NMFS 
review ed an array of p rotective efforts 
for steelh ead and oth er salm on id s, 
ran gin g in scop e from region al strategies 
to local w atersh ed in itiatives. NMFS h as 
summ arized som e of th e m ajor efforts in 
a d ocum en t en titled ‘‘Steelh ead 
Con servation Efforts: A Supp lem en t to 
th e Notice of Determ in ation for West 
Coast Steelh ead und er th e End an gered 
Sp ecies Act’’ (NMFS, 1996b). In 
add ition , NMFS h as comp iled 
in ven tories of locally based , w atersh ed 
con servation p lann in g and restoration 
efforts for steelh ead in th e Cen tral 
Californ ia, Sou th -Cen tral, and Sou th ern 
Californ ia ESUs (NMFS, 1997d ). Th ese 
d ocum en ts are available up on requ est 
(see ADDRESSES). 

Desp ite num erou s efforts to h alt and  
reverse d eclin in g trend s in w est coast 
steelh ead , it is clear th at th e statu s of 
m an y n ative, n atu rally-rep rodu cin g 
p opu lation s h as con tinu ed to 
d eteriorate. NMFS th erefore believes it 
h igh ly likely th at p ast efforts and  
p rogram s to add ress th e con servation 
n eed s of th ese stocks are in ad equ ate, 
in clud in g efforts to redu ce m ortalities 
and imp rove th e su rvival of th ese stocks 
th rou gh all stages of th eir life cycle. 
Imp ortan t factors in clud e th e loss of 
h abitat, con tinu ed d eclin e in th e 
p rodu ctivity of fresh w ater h abitat for a 
w id e variety of reason s, sign ifican t 
p oten tial n egative imp acts from 
in teraction s w ith h atch ery stocks, 
overfish in g, and n atu ral en vironm en tal 
variability. 

NMFS recogn izes th at m an y of th e 
on goin g Fed eral, state, and local 
p rotective efforts are likely to p rom ote 
th e con servation of steelh ead and oth er 
salm on id s. How ever, NMFS h as also 
d eterm in ed th at, collectively, th ese 
efforts are n ot su fficien t to ach ieve lon g- 
term con servation and recovery of 
steelh ead at th e scale of ind ividu al 
ESUs. Th ere h ave been sign ifican t 
imp rovem en ts in m igration cond ition s 

in th e Colum bia River Basin as a resu lt 
of NMFS’ 1995 Biological Op in ion on 
th e op eration of th e Fed eral h yd rop ow er 
system . How ever, m ain stem p assage 
cond ition s are on ly on e of m an y th reats 
facin g th e sp ecies. NMFS believes m ost 
existin g efforts lack som e of th e critical 
elem en ts n eed ed to p rovid e a h igh 
d egree of certain ty th at th e efforts w ill 
be su ccessfu l. 

Th e best available scien tific 
in form ation on th e biological statu s of 
th e sp ecies supp orts a fin al listin g of 
five steelh ead ESUs und er th e ESA at 
th is tim e. NMFS con clud es th at existin g 
p rotective efforts are in ad equ ate to alter 
th e p rop osed d eterm in ation of 
th reaten ed or end an gered for th ese five 
steelh ead ESUs. 
Status of Steelhead ESUs 

Section 3 of th e ESA d efin es th e term 
‘‘end an gered sp ecies’’ as ‘‘an y sp ecies 
wh ich is in d an ger of extin ction 
th rou gh ou t all or a sign ifican t p ortion of 
its ran ge.’’ Th e term ‘‘th reaten ed 
sp ecies’’ is d efin ed as ‘‘an y sp ecies 
wh ich is likely to becom e an 
end an gered sp ecies w ith in th e 
foreseeable fu tu re th rou gh ou t all or a 
sign ifican t p ortion of its ran ge.’’ 
Th omp son (1991) su ggested th at 
con ven tion al ru les of thu m b, an alytical 
app roach es, and simu lation s m ay all be 
u sefu l in m akin g th is d eterm in ation . In 
p reviou s statu s review s (e.g., Weitkamp 
et al., 1995), NMFS h as id en tified a 
num ber of factors th at sh ou ld be 
con sid ered in evalu atin g th e level of 
risk faced by an ESU, in clud in g: (1) 
Absolu te num bers of fish and th eir 
sp atial and temp oral d istribu tion ; (2) 
cu rren t abund an ce in relation to 
h istorical abund an ce and cu rren t 
carryin g cap acity of th e h abitat; (3) 
trend s in abund an ce; (4) n atu ral and 
hum an -in flu en ced factors th at cau se 
variability in su rvival and abund an ce; 
(5) p ossible th reats to gen etic in tegrity 
(e.g., from strays or ou tp lan ts from 
h atch ery p rogram s); and (6) recen t 
even ts (e.g., a d rou gh t or ch an ges in 
h arvest m an agem en t) th at h ave 
p red ictable sh ort-term con sequ en ces for 
abund an ce of th e ESU. 

Du rin g th e coastw id e statu s review for 
steelh ead , NMFS evalu ated both 
qu an titative and qu alitative in form ation 
to d eterm in e wh eth er an y p rop osed ESU 
is th reaten ed or end an gered accord in g 
to th e ESA. Th e typ es of in form ation 
u sed in th ese assessm en ts are d escribed 
below , follow ed by a summ ary of resu lts 
for each ESU. 
Quantitative Assessments 

A sign ifican t comp on en t of NMFS’ 
statu s d eterm in ation w as an alyses of 
abund an ce trend d ata. Prin cip al d ata 

sou rces for th ese an alyses w ere 
h istorical and recen t run size estim ates 
d erived from d am and w eir coun ts, 
stream su rveys, and an gler catch 
estim ates. Of th e 160 steelh ead stocks 
on th e w est coast of th e Un ited States 
for wh ich su fficien t d ata existed , 118 
(74 p ercen t) exh ibited d eclin in g trend s 
in abund an ce, wh ile th e rem ain in g 42 
(26 p ercen t) exh ibited in creasin g trend s 
in abund an ce. Sixty-five of th e stock 
abund an ce trend s an alyzed w ere 
statistically sign ifican t. Of th ese, 57 (88 
p ercen t) ind icated d eclin in g trend s in 
abund an ce and th e rem ain in g 8 (12 
p ercen t) ind icated in creasin g trend s in 
abund an ce. NMFS’ an alysis assum es 
th at catch trend s reflect trend s in overall 
p opu lation abund an ce. NMFS 
recogn izes th ere are m an y p roblem s 
w ith th is assump tion and , th erefore, th e 
ind ex m ay n ot rep resen t trend s in th e 
total p opu lation in a river basin . 
How ever, an gler catch is th e on ly 
in form ation available for m an y 
steelh ead p opu lation s, and ch an ges in 
catch still p rovid e a u sefu l ind ication of 
trend s in total p opu lation abund an ce. 
Fu rth erm ore, wh ere altern ate 
abund an ce d ata existed , NMFS u sed 
th em in its risk an alyses. 

An alyses of steelh ead abund an ce 
ind icate th at across th e sp ecies’ ran ge, 
th e m ajority of n atu rally rep rodu cin g 
steelh ead stocks h ave exh ibited lon g- 
term d eclin es in abund an ce. Th e 
severity of d eclin es in abund an ce tend s 
to vary by geograph ic region . Based on 
h istorical and recen t abund an ce 
estim ates, stocks in th e sou th ern exten t 
of th e coastal steelh ead ran ge (i.e., 
Californ ia’s Cen tral Valley, Sou th - 
Cen tral and Sou th ern Californ ia ESUs) 
app ear to h ave d eclin ed sign ifican tly, 
w ith w id esp read stock extirp ation s. In 
several areas, a lack of accu rate run size 
and trend d ata m ake estim atin g 
abund an ce d ifficu lt. 
Qualitative Assessments 

Alth ou gh num erou s stud ies h ave 
attemp ted to classify th e statu s of 
steelh ead p opu lation s on th e w est coast 
of th e Un ited States, p roblem s exist in 
app lyin g resu lts of th ese stud ies to 
NMFS’ ESA evalu ation s. A sign ifican t 
p roblem is th at th e d efin ition of ‘‘stock’’ 
or ‘‘p opu lation ’’ varies con sid erably in 
scale am on g stud ies, and som etim es 
am on g region s w ith in a stud y. In several 
stud ies, id en tified un its ran ge in size 
from large river basin s, to m in or coastal 
stream s and tribu taries. On ly tw o 
stud ies (Neh lsen et al., 1991; Higgin s et 
al., 1992) u sed categories th at relate to 
th e ESA ‘‘th reaten ed ’’ or ‘‘end an gered ’’ 
statu s. Even th ese stud ies app lied th eir 
own in terp retation s of th ese term s to 
ind ividu al stocks, n ot to broad er 
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geograph ic un its su ch as th ose 
d iscu ssed h ere. An oth er sign ifican t 
p roblem in app lyin g p reviou sly 
pu blish ed stud ies to th is evalu ation is 
th e m ann er in wh ich stocks or 
p opu lation s w ere selected to be 
in clud ed in th e review . Several stud ies 
d id n ot evalu ate stocks th at w ere n ot 
p erceived to be at risk, m akin g it 
d ifficu lt to d eterm in e th e p rop ortion of 
stocks th ey con sid ered to be at risk in 
an y given area. 

Neh lsen et al. (1991) con sid ered 
salm on and steelh ead stocks th rou gh ou t 
Wash in gton , Id ah o, Oregon , and  
Californ ia and enum erated all stocks 
th ey found to be extin ct or at risk of 
extin ction . Th ey con sid ered 23 
steelh ead stocks to be extin ct, on e 
p ossibly extin ct, 27 at h igh risk of 
extin ction , 18 at m od erate risk of 
extin ction , and 30 of sp ecial con cern . 
Steelh ead stocks th at d o n ot app ear in 
th eir summ ary w ere eith er n ot at risk of 
extin ction or th ere w as in su fficien t 
in form ation to classify th em . 
Wash in gton Dep artm en t of Fish eries et 
al. (1993) categorized all salm on and  
steelh ead stocks in Wash in gton on th e 
basis of stock origin (‘‘n ative,’’ ‘‘n on - 
n ative,’’ ‘‘m ixed ,’’ or ‘‘un kn own ’’), 
p rodu ction typ e (‘‘w ild ,’’ ‘‘comp osite,’’ 
or ‘‘un kn own ’’) and statu s (‘‘h ealth y,’’ 
‘‘d ep ressed ,’’ ‘‘critical,’’ or ‘‘un kn own ’’). 
Of th e 141 steelh ead stocks id en tified in 
Wash in gton , 36 w ere classified as 
h ealth y, 44 as critical, 10 as d ep ressed , 
and 60 as un kn own . 

Th e follow in g summ aries d raw on 
th ese qu an titative and qu alitative 
assessm en ts to d escribe NMFS’ 
con clu sion s regard in g th e statu s of each 
steelh ead ESU. Fu rth erm ore, in th ese 
summ aries, NMFS id en tifies th ose 
h atch ery p opu lation s th at are essen tial 
for th e recovery of th e ESU. An 
‘‘essen tial’’ h atch ery p opu lation is on e 
th at is cu rren tly vital to th e su ccess of 
recovery efforts for th e ESU w ith in 
wh ich it occu rs. In evalu atin g th e 
imp ortan ce of h atch ery stocks for 
recovery, NMFS con sid ers th e 
relation sh ip betw een th e n atu ral and  
h atch ery p opu lation s and th e d egree of 
risk faced by th e n atu ral p opu lation s. A 
m ore d etailed d iscu ssion of th e statu s of 
th ese steelh ead ESUs is p resen ted in th e 
‘‘Statu s Review Upd ate for West Coast 
Steelh ead from Wash in gton , Id ah o, 
Oregon , and Californ ia’’ (NMFS, 1997a). 
Cop ies of th is d ocum en t are available 
up on requ est (see ADDRESSES). 
(1) Cen tral Californ ia Coast ES U 

On ly tw o estim ates of h istorical (p re- 
1960s) abund an ce sp ecific to th is ESU 
are available: an average of abou t 500 
adu lts in Wadd ell Creek in th e 1930s 
and early 1940s (Sh ap ovalov & Taft, 

1954), and an estim ate of 20,000 
steelh ead in th e San Loren zo River 
before 1965 (John son , 1964). In th e m id - 
1960s, CDFG (1965) estim ated 94,000 
steelh ead sp awn in g in m an y rivers of 
th is ESU, in clud in g 50,000 and 19,000 
fish in th e Ru ssian and San Loren zo 
Rivers, resp ectively. NMFS h as 
comp arable recen t estim ates for on ly th e 
Ru ssian (app roxim ately 7,000 fish ) and 
San Loren zo (app roxim ately 500 fish ) 
Rivers. Th ese estim ates ind icate th at 
recen t total abund an ce of steelh ead in 
th ese tw o rivers is less th an 15 p ercen t 
of th eir abund an ce 30 years ago. 
Add ition al recen t estim ates for several 
oth er stream s (Lagun itas Creek, Wadd ell 
Creek, Scott Creek, San Vin cen te Creek, 
Soqu el Creek, and Ap tos Creek) ind icate 
ind ividu al run sizes are 500 fish or less. 
No recen t estim ates of total run size 
exist for th is ESU. McEw an and Jackson 
(1996) n oted th at steelh ead in m ost 
tribu tary stream s in San Fran cisco and 
San Pablo Bays h ave been extirp ated . 

Add ition al in form ation received in 
resp on se to th e p rop osed ru le su ggests 
th at steelh ead in th is ESU m ay be 
exh ibitin g sligh t in creases in abund an ce 
in recen t years (NMFS, 1997a). Upd ated 
abund an ce d ata for th e Ru ssian and San 
Loren zo Rivers ind icate in creasin g run 
sizes over th e p ast 2–3 years, bu t it is 
n ot p ossible to d istin gu ish th e relative 
p rop ortion s of h atch ery and n atu ral 
steelh ead in th ose estim ates. Add ition al 
d ata from a few sm aller stream s in th e 
region also sh ow gen eral in creases in 
ju ven ile abund an ce in recen t years. 

Presen ce/ absen ce d ata available sin ce 
th e p rop osed ru le sh ow th at in a su bset 
of stream s samp led in th e cen tral 
Californ ia coast region , m ost con tain 
steelh ead . Th is is in con trast to th e 
p attern exh ibited by coh o, wh ich are 
absen t from m an y of th ose sam e 
stream s. Th ose stream s in wh ich 
steelh ead w ere n ot p resen t are 
con cen trated in th e h igh ly u rban ized 
San Fran cisco Bay region . Wh ile th ere 
are several con cern s w ith th ese d ata 
(e.g., un certain ty regard in g origin of 
ju ven iles), NMFS believes it is gen erally 
a p ositive ind icator th at th ere is a 
relatively broad d istribu tion of 
steelh ead in sm aller stream s th rou gh ou t 
th e region . 

In evalu atin g trend s in p rodu ctivity 
th rou gh ou t th e ESU, NMFS con sid ered 
d ifficu lties arisin g from th e in ability to 
sep arate ou t th e effects of h atch ery 
p rodu ctivity from overall run size 
in creases in recen t years. Th e Ru ssian 
and San Loren zo Rivers h ave th e h igh est 
steelh ead p rodu ctivity in th e ESU, bu t 
it is likely th at m an y of th e fish are of 
h atch ery origin (estim ates in both 
stream s ran ge from 40–60 p ercen t over 
th e last 5 years). 

After con sid erin g available 
in form ation , NMFS con clud es th at 
steelh ead in th e Cen tral Californ ia Coast 
ESU w arran t listin g as a th reaten ed 
sp ecies—a ch an ge from its p rop osed 
statu s as end an gered . Factors 
con tribu tin g to th e p resen t con clu sion 
in clud e n ew evid en ce for greater 
absolu te num bers of steelh ead in th e 
larger rivers of th e cen tral Californ ia 
coast region and th e p ossible in creases 
in ju ven ile abund an ce over th e last few 
years. In add ition , th e broad geograph ic 
d istribu tion of steelh ead th rou gh ou t th e 
region , as ind icated by th e p resen ce/ 
absen ce d ata, also con vin ced NMFS th is 
ESU d oes n ot w arran t an end an gered 
listin g at th is tim e. 
Hatch ery Popu lation s Essen tial for th e 
Recovery of th e ESU 

NMFS con clud es th at th e Big Creek 
and San Loren zo River Hatch ery stocks 
are n ot essen tial for recovery of th is 
ESU. Cu rren t in form ation ind icates 
su fficien t n atu rally sp awn in g 
p opu lation s exist for recovery efforts. 
Th e sign ifican t d egree of h atch ery 
con tribu tion to steelh ead run s in th e 
San Loren zo River m ay requ ire th e u se 
of th is stock in recovery efforts in th e 
fu tu re. 
(2) S ou th -Cen tral Californ ia Coast ES U 

Historical estim ates of steelh ead 
abund an ce are available for a few rivers 
in th is region . In th e m id -1960s, CDFG 
(1965) estim ated a total of 27,750 
steelh ead sp awn in g in th is ESU. Recen t 
estim ates for th ose rivers wh ere 
comp arative abund an ce in form ation is 
available sh ow a su bstan tial d eclin e 
du rin g th e p ast 30 years. In con trast to 
th e CDFG (1965) estim ates, McEw an 
and Jackson (1996) rep orted run s 
ran gin g from 1,000 to 2,000 in th e Pajaro 
River in th e early 1960s, and Sn id er 
(1983) estim ated escap em en t of abou t 
3,200 steelh ead for th e Carm el River for 
th e 1964–1975 p eriod . No recen t 
estim ates for total run size exist for th is 
ESU; h ow ever, recen t run -size estim ates 
are available for five rivers (Pajaro River, 
Salin as River, Carm el River, Little Su r 
River, and Big Su r River). Th e total of 
th ese estim ates is less th an 500 fish , 
comp ared w ith a total of 4,750 for th e 
sam e rivers in 1965, wh ich su ggests a 
su bstan tial d eclin e for th e en tire ESU 
from 1965 levels. 

Upd ated d ata on abund an ce and  
trend s for steelh ead in th is ESU ind icate 
sligh t in creases in recen t years. New 
d ata from th e Carm el River sh ow 
in creases in adu lt and ju ven ile 
steelh ead abund an ce over th e p ast 2 to 
5 years. 

After w eigh in g th is n ew in form ation , 
NMFS con clud es th at steelh ead in th e 
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Sou th -Cen tral Californ ia Coast ESU 
w arran t listin g as a th reaten ed sp ecies— 
a ch an ge from its p rop osed statu s as 
end an gered . Reason s for th is sligh tly 
m ore op tim istic assessm en t in clud e n ew 
abund an ce d ata ind icatin g recen t 
in creases in adu lt and ju ven ile 
abund an ce in th e Carm el River and  
several sm all coastal tribu taries in th e 
sou th ern p art of th e region . In add ition , 
risks to gen etic in tegrity to steelh ead in 
th is ESU are relatively low becau se of 
low levels of h atch ery stockin g. (Th ere 
are a few scattered rep orts of rain bow 
trou t in trodu ction s from rivers ou tsid e 
th e cen tral Californ ia coast region .) 
Hatch ery Popu lation s Essen tial for th e 
Recovery of th e ESU 

NMFS con clud es th at th e Wh ale Rock 
Reservoir Hatch ery stock is n ot essen tial 
for recovery of th is ESU. Cu rren t 
in form ation ind icates su fficien t 
n atu rally sp awn in g p opu lation s exist for 
recovery efforts. If in th e fu tu re th e 
statu s of steelh ead in th is ESU w orsen s, 
th is stock m ay becom e essen tial for 
recovery efforts. 
(3) S ou th ern Californ ia ES U 

Historically, steelh ead occu rred 
n atu rally sou th in to Baja Californ ia. 
Estim ates of h istorical (p re-1960s) 
abund an ce for several rivers in th is ESU 
are available: San ta Yn ez River, before 
1950, 20,000 to 30,000 (Sh ap ovalov & 
Taft, 1954; CDFG, 1982; Reavis, 1991; 
Titu s et al., in p ress); Ven tu ra River, 
p re-1960, 4,000 to 6,000 (Clan ton & 
Jarvis, 1946; CDFG, 1982; AFS, 1991; 
Hun t et al., 1992; Hen ke, 1994; Titu s et 
al., in p ress); San ta Clara River, p re- 
1960, 7,000 to 9,000 (Moore, 1980; 
Com stock, 1992; Hen ke, 1994); Malibu 
Creek, p re-1960, 1,000 (Neh lsen et al., 
1991; Reavis, 1991). In th e m id -1960s, 
CDFG (1965) estim ated steelh ead 
sp awn in g p opu lation s for sm aller 
tribu taries in San Lu is Obisp o Coun ty as 
20,000 fish ; h ow ever, n o estim ates for 
stream s fu rth er sou th w ere p rovid ed . 

Th e p resen t estim ated total run size 
for 6 stream s (San ta Yn ez River, Gaviota 
Creek, Ven tu ra River, Matilija Creek, 
San ta Clara River, Malibu Creek) in th is 
ESU are summ arized in Titu s et al., and 
each is less th an 200 adu lts. Titu s et al. 
con clud ed th at p opu lation s h ave been 
extirp ated from all stream s sou th of 
Ven tu ra Coun ty, w ith th e excep tion of 
Malibu Creek in Los An geles Coun ty. 
Wh ile th ere are n o comp reh en sive 
stream su rveys condu cted for steelh ead 
trou t occu rrin g in stream s sou th of 
Malibu Creek, th ere con tinu e to be 
an ecd otal observation s of steelh ead in 
rivers as far sou th as th e San ta Margarita 
River, San Diego Coun ty, in years of 
su bstan tial rain fall (Barnh art, 1986, 

Higgin s, 1991, McEw an & Jackson , 
1996). Titu s et al. (in p ress) cited 
exten sive loss of steelh ead h abitat du e 
to w ater d evelop m en t, in clud in g 
imp assable d am s and d ew aterin g. 

No tim e series of d ata are available 
w ith in th is ESU to estim ate p opu lation 
trend s. Titu s et al. summ arized 
in form ation for steelh ead p opu lation s 
based on h istorical and recen t su rvey 
in form ation . Of th e p opu lation s sou th of 
San Fran cisco Bay (in clud in g p art of th e 
Cen tral Californ ia Coast ESU) for wh ich 
p ast and recen t in form ation w as 
available, 20 p ercen t h ad n o d iscern able 
ch an ge, 45 p ercen t h ad d eclin ed , and 35 
p ercen t w ere extin ct. Percen tages for th e 
coun ties comp risin g th is ESU sh ow a 
very h igh p ercen tage of d eclin in g and 
extin ct p opu lation s. 

Th e su stain ability of steelh ead 
p opu lation s in th e Sou th ern Californ ia 
ESU con tinu es to be a m ajor con cern , 
evid en ced by con sisten tly low 
abund an ce estim ates in all river basin s. 
Th ere are fairly good qu alitative 
accoun ts of h istorical abund an ces of 
steelh ead in th is ESU, and recen t adu lt 
coun ts are severely d ep ressed relative to 
th e p ast. Th e few n ew d ata th at h ave 
becom e available sin ce th e p rop osed 
ru le d o n ot su ggest an y con sisten t 
p attern of ch an ge in steelh ead 
abund an ce in th is region . 

NMFS con clud es th at th e Sou th ern 
Californ ia ESU is, as p rop osed , 
end an gered . Th e p rim ary reason s for 
con cern abou t steelh ead in th is ESU are 
th e w id esp read , d ram atic d eclin es in 
abund an ce relative to h istorical levels. 
Low abund an ce lead s to in creased risks 
du e to d em ograph ic and gen etic 
variability in sm all p opu lation s. In 
add ition , NMFS believes th e restricted 
sp atial d istribu tion of rem ain in g 
p opu lation s p laces th e ESU as a wh ole 
at risk becau se of redu ced opp ortun ities 
for recolon ization of stream s su fferin g 
local p opu lation extin ction s. Th e m ain 
sou rces of th e exten sive p opu lation 
d eclin es in steelh ead in th is ESU are 
sim ilar to th ose d escribed in th e Sou th - 
Cen tral Californ ia Coast ESU. In 
add ition , becau se of fire supp ression 
p racticed th rou gh ou t th e area, NMFS 
believes th e effects of in creased fire  
in ten sity and du ration is likely to be a 
sign ifican t risk to th e steelh ead in th is 
ESU. 
Hatch ery Popu lation s Essen tial for th e 
Recovery of th e ESU 

No h atch ery p rodu ction of steelh ead 
cu rren tly occu rs in th is ESU. 
(4) Upp er Colu m bia River Basin ES U 

Estim ates of h istorical (p re-1960s) 
abund an ce sp ecific to th is ESU are 
available from fish coun ts at d am s. 

Coun ts at Rock Island Dam from 1933 to 
1959 averaged 2,600 to 3,700, su ggestin g 
a p re-fish ery run size in excess of 5,000 
adu lts for tribu taries above Rock Island 
Dam (Ch apm an et al., 1994). Run s m ay 
alread y h ave been d ep ressed by low er 
Colum bia River fish eries at th is tim e. 
Recen t five-year (1989–93) average 
n atu ral escap em en ts are available for 
tw o stock un its: Wen atch ee River, 800 
steelh ead , and Meth ow and Okan ogan 
Rivers, 450 steelh ead . Recen t average 
total escap em en ts for th ese stocks w ere 
2,500 and 2,400, resp ectively. Average 
total run size at Priest Rap id s Dam for 
th e sam e p eriod w as app roxim ately 
9,600 adu lt steelh ead . 

Trend s in total (n atu ral and h atch ery) 
adu lt escap em en t are available for th e 
Wen atch ee River (2.6 p ercen t annu al 
in crease, 1962–1993) and th e Meth ow 
and Okan ogan Rivers com bin ed (12 
p ercen t annu al d eclin e, 1982–93). Th ese 
tw o stocks rep resen t m ost of th e 
escap em en t to n atu ral sp awn in g h abitat 
w ith in th e ran ge of th e ESU; th e En tiat 
River also h as a sm all sp awn in g run 
(WDF et al., 1993). 

Steelh ead in th e Upp er Colum bia 
River ESU con tinu e to exh ibit low 
abund an ces, both in absolu te num bers 
and in relation to num bers of h atch ery 
fish th rou gh ou t th e region . Data from 
th is ESU in clud e sep arate total and  
n atu ral run sizes, allow in g th e 
sep aration of h atch ery and n atu ral fish 
abund an ce estim ates for at least som e 
areas in som e years. Review of th e m ost 
recen t d ata ind icates th at n atu ral 
steelh ead abund an ce h as d eclin ed or 
rem ain ed low and relatively con stan t in 
th e m ajor river basin s in th is ESU 
(Wen atch ee, Meth ow , Okan ogan ) sin ce 
th e early 1990s. Estim ates of n atu ral 
p rodu ction of steelh ead in th e ESU are 
w ell below rep lacem en t (app roxim ately 
0.3:1 adu lt rep lacem en t ratios estim ated 
in th e Wen atch ee and En tiat Rivers.) 
Th ese d ata ind icate th at n atu ral 
steelh ead p opu lation s in th e Upp er 
Colum bia River Basin are n ot self- 
su stain in g at th e p resen t tim e. Th e BRT 
also d iscu ssed an ecd otal evid en ce th at 
resid en t rain bow trou t, wh ich are in 
num erou s stream s th rou gh ou t th e 
region , con tribu te to an ad rom ou s run 
abund an ce. Th is ph en om en on w ou ld 
redu ce estim ates of th e n atu ral 
steelh ead rep lacem en t ratio. 

Th e p rop ortion of h atch ery fish is 
h igh in th ese rivers (65–80 p ercen t). In 
add ition , su bstan tial gen etic m ixin g of 
p opu lation s w ith in th is ESU h as 
occu rred , both h istorically (as a resu lt of 
th e Grand Cou lee Fish Main ten an ce 
Project) and m ore recen tly as a resu lt of 
th e Wells Hatch ery p rogram . Exten sive 
m ixin g of h atch ery stocks th rou gh ou t  
th is ESU, alon g w ith th e redu ced 
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opp ortun ity for m ain ten an ce of locally 
ad ap ted gen etic lin eages am on g 
d ifferen t d rain ages, rep resen ts a 
con sid erable th reat to steelh ead in th is 
region . 

Based on th e con sid eration s above, 
NMFS con clud es th e Upp er Colum bia 
ESU is end an gered , as p rop osed . In th eir 
comm en ts on th e p rop osed ru le, 
Wash in gton Dep artm en t of Fish and 
Wild life states its gen eral con cu rren ce 
w ith th is con clu sion (WDFW, 1997). 
Th e p rim ary cau se for con cern for 
steelh ead in th is ESU are th e extrem ely 
low estim ates of adu lt rep lacem en t 
ratios. Th e d ram atic d eclin es in n atu ral 
run sizes and th e in ability of n atu rally 
sp awn in g steelh ead adu lts to rep lace 
th em selves su ggest th at if p resen t trend s 
con tinu e, th is ESU w ill n ot be viable. 
Habitat d egrad ation , ju ven ile and adu lt 
m ortality in th e h yd rosystem , and  
un favorable en vironm en tal cond ition s 
in both m arin e and fresh w ater h abitats 
h ave con tribu ted to th e d eclin es and  
rep resen t risk factors for th e fu tu re. 
Harvest in low er river fish eries and  
gen etic h om ogen ization from comp osite 
brood stock collection s are oth er factors 
th at m ay con tribu te sign ifican tly to risk 
to th e Upp er Colum bia ESU. 

Hatch ery Popu lation s Essen tial for th e 
Recovery of th e ESU 

NMFS con clud es th e Wells Hatch ery 
stock in clud in g p rogen y is essen tial for 
recovery efforts in th is ESU, and  
th erefore sh ou ld be listed . Th is 
con clu sion is p rim arily based on very 
low estim ates of th e recru its p er 
sp awn er ratio, wh ich ind icate th at 
p rodu ctivity of n atu rally sp awn in g 
steelh ead in th is ESU is far below th e 
rep lacem en t rate. 
(5) Sn ak e River Basin ES U 

Prior to Ice Harbor Dam comp letion in 
1962, th ere w ere n o coun ts of Sn ake 
River Basin n atu rally sp awn ed 
steelh ead . How ever, Lew iston Dam 
coun ts du rin g th e p eriod from 1949 to 
1971 averaged abou t 40,000 steelh ead 
p er year in th e Clearw ater River, wh ile 
th e Ice Harbor Dam coun t in 1962 w as 
108,000, and averaged app roxim ately 
70,000 un til 1970. 

All steelh ead in th e Sn ake River Basin 
are su mm er steelh ead , wh ich for 
m an agem en t pu rp oses are d ivid ed in to 
‘‘A-run ’’ and ‘‘B-run ’’ steelh ead . Each 
h as several life h istory d ifferen ces 
in clud in g sp awn in g size, run tim in g, 
and h abitat typ e. Alth ou gh th ere is little 
in form ation for m ost stocks w ith in th is 
ESU, th ere are recen t run -size and / or 
escap em en t estim ates for several stocks. 
Total recen t-year average (1990–1994) 
escap em en t above Low er Gran ite Dam 
w as app roxim ately 71,000, w ith a 

n atu ral comp on en t of 9,400 (7,000 A- 
run and 2,400 B-run ). Run size estim ates 
are available for on ly a few tribu taries 
w ith in th e ESU, all w ith sm all 
p opu lation s. 

Sn ake River Basin steelh ead recen tly 
h ave su ffered severe d eclin es in 
abund an ce relative to h istorical levels. 
Low run sizes over th e last ten years are 
m ost p ron oun ced for n atu rally 
p rodu ced steelh ead . In add ition , average 
p arr d en sities recen tly h ave d ropp ed for 
both A-and B-run steelh ead , resu ltin g in 
m an y river basin s in th is region bein g 
ch aracterized as critically und erseed ed 
relative to th e carryin g cap acity of 
stream s. Declin es in abund an ce h ave 
been p articu larly seriou s for B-run  
steelh ead , in creasin g th e risk th at som e 
of th e life h istory d iversity m ay be lost 
from steelh ead in th is ESU. Recen tly 
obtain ed in form ation ind icates a record 
low sm olt su rvival and ocean 
p rodu ction for Sn ake River steelh ead in 
1992–94. 

Th e p rop ortion of h atch ery steelh ead 
in th e Sn ake River Basin is very h igh for 
th e ESU as a wh ole (over 80 p ercen t 
h atch ery fish p assin g Low er Gran ite 
Dam ), yet h atch ery fish are rare to 
n on existen t in several d rain ages in th e 
region . In p laces wh ere h atch ery release 
sites are in tersp ersed w ith n atu rally- 
sp awn in g reach es, th e p oten tial for 
strayin g and in trogression is h igh , 
resu ltin g in a risk to th e gen etic in tegrity 
of som e steelh ead p opu lation s in th is 
ESU. Hatch ery/n atu ral in teraction s th at 
d o occu r for Sn ake River steelh ead are 
of p articu lar con cern becau se m an y of 
th e h atch eries u se comp osite stocks th at 
h ave been d om esticated over a lon g 
p eriod of tim e. 

Based on th is in form ation , NMFS 
con clud es th at th e Sn ake River ESU is 
th reaten ed , as p rop osed . Th e p rim ary 
ind icator of risk to th e ESU is d eclin in g 
abund an ce th rou gh ou t th e region . 
Dem ograph ic and gen etic risks from 
sm all p opu lation sizes are likely to be 
imp ortan t, becau se few n atu ral 
steelh ead are sp read over a w id e 
geograph ic area. In th eir comm en ts on 
th e p rop osed ru le, th e State of Id ah o 
con cu rred w ith NMFS’ assessm en t th at 
steelh ead stocks in th is ESU are 
imp eriled (State of Id ah o, 1997). 
Steelh ead in th is ESU face risks sim ilar 
to th ose in th e Upp er Colum bia River 
ESU: Wid esp read h abitat blockage from 
h yd rosystem m an agem en t and  
p oten tially d eleteriou s gen etic effects 
from strayin g and in trogression from 
h atch ery fish . Th e redu ction in h abitat 
cap acity resu ltin g from large d am s su ch 
as th e Hells Can yon d am comp lex and 
Dw orsh ak Dam is som ewh at m itigated 
by several river basin s w ith fairly good 
p rodu ction of n atu ral steelh ead run s. 

Hatch ery Popu lation s Essen tial for th e 
Recovery of th e ESU 

NMFS con clud es th at th e h atch ery 
stocks con sid ered p art of th is ESU 
(Dw orsh ak NFH stock, Imn ah a Hatch ery 
stock, and Oxbow Hatch ery stock) are 
n ot cu rren tly essen tial for th e recovery 
of th e ESU. Th e Dw orsh ak NFH stock 
and Oxbow Hatch ery stock both 
rep resen t th e remn an ts of p opu lation (s) 
of steelh ead th at h ave been exclud ed 
from th eir h istorical sp awn in g and 
rearin g h abitat by imp assable d am s. 
Th ese stocks rep resen t th e on ly legacy 
for th e rein trodu ction of n ative 
p opu lation s in to th ese areas. If su ch 
rein trodu ction p rogram s are und ertaken , 
th ese stocks w ill likely be essen tial to 
th e recovery of steelh ead in th ese areas. 
Cu rren tly, n atu rally sp awn in g steelh ead 
p opu lation s in th e Imn ah a River are 
relatively h ealth y; h ow ever, if n atu rally 
sp awn in g p opu lation s d eclin e 
con sid erably in th e fu tu re, th is stock 
m ay becom e essen tial for recovery. 

Listing Determination 
Section 3 of th e ESA d efin es an 

end an gered sp ecies as an y sp ecies in 
d an ger of extin ction th rou gh ou t all or a 
sign ifican t p ortion of its ran ge, and a 
th reaten ed sp ecies as an y sp ecies likely 
to becom e an end an gered sp ecies w ith in 
th e foreseeable fu tu re th rou gh ou t all or 
a sign ifican t p ortion of its ran ge. Section 
4(b)(1) of th e ESA requ ires th at th e 
listin g d eterm in ation be based solely on 
th e best scien tific and comm ercial d ata 
available, after condu ctin g a review of 
th e statu s of th e sp ecies and after takin g 
in to accoun t th ose efforts, if an y, bein g 
m ad e to p rotect su ch sp ecies. 

Based on resu lts from its coastw id e 
assessm en t, NMFS h as d eterm in ed th at 
on th e w est coast of th e Un ited States, 
th ere are fifteen ESUs of steelh ead th at 
con stitu te ‘‘sp ecies’’ und er th e ESA. 
NMFS h as d eterm in ed th at tw o ESUs of 
steelh ead are cu rren tly end an gered 
(Sou th ern Californ ia and Upp er 
Colum bia River ESUs) and th ree ESUs 
are cu rren tly th reaten ed (Cen tral 
Californ ia Coast, Sou th -Cen tral 
Californ ia Coast, and Sn ake River Basin 
ESUs). Th e geograph ic bound aries (i.e., 
th e w atersh ed s w ith in wh ich th e 
m em bers of th e ESU sp end th eir 
fresh w ater resid en ce) for th ese ESUs are 
d escribed und er ‘‘Summ ary of ESUs 
Determ in ation s.’’ 

NMFS h as exam in ed th e relation sh ip 
betw een h atch ery and n atu ral 
p opu lation s of steelh ead in th ese ESUs 
and h as assessed wh eth er an y h atch ery 
p opu lation s are essen tial for th eir 
recovery. Wh ile NMFS h as con clud ed 
th at several h atch ery stocks are p art of 
th e ESU in wh ich th ey occu r, on ly th e 
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Wells Hatch ery stock in th e Upp er 
Colum bia River ESU is d eem ed essen tial 
for recovery at th is tim e and th erefore, 
in clud ed in th is listin g. Asid e from th e 
Wells Hatch ery stock, on ly n atu rally  
sp awn ed p opu lation s of steelh ead (and 
th eir p rogen y) wh ich are p art of th e 
biological ESU resid in g below lon g- 
term , n atu rally and m an -m ad e 
imp assable barriers (i.e., d am s) are 
listed in all five ESUs id en tified as 
th reaten ed or end an gered . 

In som e cases un listed h atch ery fish 
th at are p art of th e ESU m ay n ot retu rn 
to th e h atch ery bu t in stead sp awn  
n atu rally. In th at even t, th e p rogen y of 
th at n atu rally sp awn in g h atch ery fish is 
con sid ered listed . Th is fin al ru le 
in clud es in th e listin g d eterm in ation  
th ose n atu rally sp awn ed fish th at h ave 
at least on e p aren t th at w as d erived 
from cu rren t ESU h atch ery brood stock. 
In som e cases th ese fish m ay be h ybrid s; 
th at is, th ey m ay h ave on e p aren t th at 
is p art of th e biological ESU and on e 
th at is n ot. By listin g th ese fish and  
extend in g to th em th e p rotection s of th e 
ESA, NMFS d oes n ot m ean to imp ly th at 
th ese h ybrid s are su itable for u se in 
con servation . Th at d ecision w ou ld n eed 
to be m ad e on a case-by-case basis. 

NMFS’ ‘‘In terim Policy on Artificial 
Prop agation of Pacific Salm on Und er 
th e End an gered Sp ecies Act’’ (Ap ril 5, 
1993, 58 FR 17573) p rovid es gu id an ce 
on th e treatm en t of h atch ery stocks in 
th e even t of a listin g. Und er th is p olicy, 
‘‘p rogen y of fish from th e listed sp ecies 
th at are p rop agated artificially are 
con sid ered p art of th e listed sp ecies and 
are p rotected und er th e ESA.’’ In 
accord an ce w ith th is in terim NMFS 
p olicy, all p rogen y of listed steelh ead 
are th em selves con sid ered p art of th e 
listed sp ecies. Su ch p rogen y in clud e 
th ose resu ltin g from th e m atin g of listed 
steelh ead w ith n on -listed h atch ery 
stocks. 

At th is tim e, NMFS is listin g on ly 
an ad rom ou s life form s of O. m yk iss. 

NMFS con clud es th e Wells Hatch ery 
stock in clud in g p rogen y is essen tial for 
recovery efforts in th is ESU, and  
th erefore sh ou ld be listed . Th is 
con clu sion is p rim arily based on very 
low estim ates of th e recru its p er 
sp awn er ratio, wh ich ind icate th at 
p rodu ctivity of n atu rally sp awn in g 
steelh ead in th is ESU is far below th e 
rep lacem en t rate. It is p ossible th at in 
som e years retu rn s to th is h atch ery m ay 
exceed th e num ber of retu rn s n ecessary 
to p rodu ce th e num ber of offsp rin g 
NMFS con sid ers ad visable for release 
in to th is ESU. Th is su rp lu s m ay 
th erefore be, by d efin ition , n ot essen tial 
for recovery efforts. In th at case, 
h atch ery op erators m ay be faced w ith a 
ch oice betw een d estroyin g th e excess 

retu rn s or u sin g th em for som e oth er 
pu rp ose. In m akin g its d ecision tod ay to 
in clud e th e Wells Hatch ery stock as p art 
of th e listed p opu lation , NMFS d oes n ot 
in tend to foreclose th e p ossibility of 
u sin g su ch excess retu rn s to p rovid e 
lim ited h arvest opp ortun ities con sisten t 
w ith th e con servation of th is ESU. 
Prohibitions and Protective Measures 

Section 9 of th e ESA p roh ibits certain 
activities th at d irectly or ind irectly 
affect end an gered sp ecies. Th ese 
p roh ibition s app ly to all ind ividu als, 
organ ization s, and agen cies su bject to 
U.S. ju risd iction . Section 9 p roh ibition s 
app ly au tom atically to end an gered 
sp ecies; as d escribed below , th is is n ot 
th e case for th reaten ed sp ecies. 

Section 4(d ) of th e ESA d irects th e 
Secretary to imp lem en t regu lation s ‘‘to 
p rovid e for th e con servation of 
[th reaten ed ] sp ecies,’’ wh ich m ay 
in clud e extend in g an y or all of th e 
p roh ibition s of section 9 to th reaten ed 
sp ecies. Section 9(a)(1)(g) also p roh ibits 
violation s of p rotective regu lation s for 
th reaten ed sp ecies imp lem en ted und er 
section 4(d ). NMFS w ill issu e sh ortly 
p rotective regu lation s pu rsu an t to 
section 4(d ) for th e Cen tral Californ ia 
Coast, Sou th -Cen tral Californ ia Coast, 
and Sn ake River ESUs. 

Section 7(a)(4) of th e ESA requ ires 
th at Fed eral agen cies con su lt w ith 
NMFS on an y action s likely to 
jeop ard ize th e con tinu ed existen ce of a 
sp ecies p rop osed for listin g and on 
action s likely to resu lt in th e d estru ction 
or ad verse m od ification of p rop osed 
critical h abitat. For listed sp ecies, 
section 7(a)(2) requ ires Fed eral agen cies 
to en su re th at activities th ey au th orize, 
fund , or condu ct are n ot likely to 
jeop ard ize th e con tinu ed existen ce of a 
listed sp ecies or to d estroy or ad versely 
m od ify its critical h abitat. If a Fed eral 
action m ay affect a listed sp ecies or its 
critical h abitat, th e resp on sible Fed eral 
agen cy mu st en ter in to con su ltation 
w ith NMFS. 

Examp les of Fed eral action s likely to 
affect steelh ead in th e listed ESUs 
in clud e au th orized land m an agem en t 
activities of th e U.S. Forest Service and  
U.S. Bu reau of Land Man agem en t, as 
w ell as op eration of h yd roelectric and 
storage p rojects of th e Bu reau of 
Reclam ation and U.S. Arm y Corp s of 
En gin eers (COE). Su ch activities in clud e 
tim ber sales and h arvest, h yd roelectric  
p ow er gen eration , and flood con trol. 
Fed eral action s, in clud in g th e COE 
section 404 p erm ittin g activities und er 
th e CWA, COE p erm ittin g activities 
und er th e River and Harbors Act, 
Nation al Pollu tion Disch arge 
Elim in ation System p erm its issu ed by 
th e En vironm en tal Protection Agen cy, 

h ighw ay p rojects au th orized by th e 
Fed eral Highw ay Ad m in istration , 
Fed eral En ergy Regu latory Comm ission 
licen ses for n on -Fed eral d evelopm en t 
and op eration of h yd rop ow er, and  
Fed eral salm on h atch eries, m ay also 
requ ire con su ltation . Th ese action s w ill 
likely be su bject to ESA section 7 
con su ltation requ irem en ts th at m ay 
resu lt in cond ition s d esign ed to ach ieve 
th e in tend ed pu rp ose of th e p roject and 
avoid or redu ce imp acts to steelh ead 
and its h abitat w ith in th e ran ge of th e 
listed ESU. It is imp ortan t to n ote th at 
th e cu rren t listin g app lies on ly to th e 
an ad rom ou s form of O. m yk iss; 
th erefore, section 7 con su ltation s w ill  
n ot add ress resid en t form s of O. m yk iss 
at th is tim e. 

Th ere are likely to be Fed eral action s 
on goin g in th e ran ge of th e listed ESUs 
at th e tim e th ese listin gs becom e 
effective. Th erefore, NMFS w ill review 
all on goin g action s th at m ay affect th e 
listed sp ecies w ith Fed eral agen cies and 
w ill comp lete form al or in form al 
con su ltation s, wh ere requ ested or 
n ecessary, for su ch action s pu rsu an t to 
ESA section 7(a)(2). 

Section s 10(a)(1)(A) and 10(a)(1)(B) of 
th e ESA p rovid e NMFS w ith au th ority 
to gran t excep tion s to th e ESA’s 
‘‘takin g’’ p roh ibition s (see regu lation s at 
50 CFR 222.22 th rou gh 222.24). Section 
10(a)(1)(A) scien tific research and  
enh an cem en t p erm its m ay be issu ed to 
en tities (Fed eral and n on -Fed eral) 
condu ctin g research th at in volves a 
d irected take of listed sp ecies. 

NMFS h as issu ed section 10(a)(1)(A) 
research or enh an cem en t of su rvival 
p erm its for oth er listed sp ecies (e.g., 
Sn ake River ch in ook salm on and  
Sacram en to River w in ter-run ch in ook 
salm on ) for a num ber of activities, 
in clud in g trapp in g and taggin g, 
electrosh ockin g to d eterm in e p opu lation 
p resen ce and abund an ce, rem oval of 
fish from irrigation d itch es, and  
collection of adu lt fish for artificial 
p rop agation p rogram s. NMFS is aw are 
of several samp lin g efforts for steelh ead 
in th e listed ESUs, in clud in g efforts by 
Fed eral and state fish ery m an agem en t 
agen cies. Th ese and oth er research 
efforts cou ld p rovid e critical 
in form ation regard in g steelh ead 
d istribu tion and p opu lation abund an ce. 

Section 10(a)(1)(B) in cid en tal take 
p erm its m ay be issu ed to n on -Fed eral 
en tities p erform in g activities th at m ay 
in cid en tally take listed sp ecies. Th e 
typ es of activities p oten tially requ irin g 
a section 10(a)(1)(B) in cid en tal take 
p erm it in clud e th e op eration and release 
of artificially p rop agated fish by state or 
p rivately op erated and fund ed 
h atch eries, state or un iversity research 
on sp ecies oth er th an steelh ead , n ot 
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receivin g Fed eral au th orization or 
fund in g, th e imp lem en tation of state 
fish in g regu lation s, and tim ber h arvest 
activities on n on -Fed eral land s. 
Take Guidance 

NMFS and th e FWS pu blish ed in th e 
Federal Register on Ju ly 1, 1994 (59 FR 
34272), a p olicy th at NMFS sh all 
id en tify, to th e m aximu m exten t 
p racticable at th e tim e a sp ecies is 
listed , th ose activities th at w ou ld or 
w ou ld n ot con stitu te a violation of 
section 9 of th e ESA. Th e in ten t of th is  
p olicy is to in crease pu blic aw aren ess of 
th e effect of a listin g on p rop osed and   on 
-goin g activities w ith in th e sp ecies’ 
ran ge. NMFS believes th at, based on th e 
best available in form ation , th e follow in g 
action s w ill n ot resu lt in a violation of 
section 9: (1) Possession of steelh ead 
from th e listed ESUs acqu ired law fu lly 
by p erm it issu ed by NMFS pu rsu an t to 
section 10 of th e ESA, or by th e term s 
of an in cid en tal take statem en t pu rsu an t 
to section 7 of th e ESA; and (2) 
Fed erally fund ed or app roved p rojects 
th at in volve activities su ch as 
silvicu ltu re, grazin g, m in in g, road 
con stru ction , d am con stru ction and 
op eration , d isch arge of fill m aterial, 
stream ch ann elization or d iversion for 
wh ich a section 7 con su ltation h as been 
comp leted , and wh en su ch an activity is 
condu cted in accord an ce w ith an y term s 
and cond ition s p rovid ed by NMFS in an 
in cid en tal take statem en t accomp an ied 
by a biological op in ion pu rsu an t to 
section 7 of th e ESA. 

Activities th at NMFS believes cou ld 
p oten tially h arm , in ju re or kill steelh ead 
in th e end an gered listed ESUs and  
resu lt in a violation of section 9 in clud e, 
bu t are n ot lim ited to: (1) Land -u se 
activities th at ad versely affect steelh ead 
h abitat in th is ESU (e.g., loggin g, 
grazin g, farm in g, road con stru ction in 
rip arian areas, and areas su scep tible to 
m ass w astin g and su rface erosion ); (2) 
Destru ction or alteration of steelh ead 
h abitat in th e listed ESUs, su ch as 
rem oval of large w ood y d ebris and  
‘‘sin ker logs’’ or rip arian sh ad e can op y, 
d red gin g, d isch arge of fill m aterial, 
d rain in g, d itch in g, d ivertin g, blockin g, 
or alterin g stream ch ann els or su rface or 
ground w ater flow ; (3) d isch arges or 
dump in g of toxic ch em icals or oth er 
p ollu tan ts (e.g., sew age, oil, gasolin e) 
in to w aters or rip arian areas supp ortin g 
listed steelh ead ; (4) violation of 
d isch arge p erm its; (5) p esticid e 
app lication s; (6) in terstate and foreign 
comm erce of steelh ead from th e listed 
ESUs and imp ort/ exp ort of steelh ead 
from listed ESUs w ith ou t an ESA 
p erm it, un less th e fish w ere h arvested 
pu rsu an t to legal excep tion ; (7) 
collectin g or h and lin g of steelh ead from 

listed ESUs. Perm its to condu ct th ese 
activities are available for pu rp oses of 
scien tific research or to enh an ce th e 
p rop agation or su rvival of th e sp ecies; 
and (8) in trodu ction of n on -n ative 
sp ecies likely to p rey on steelh ead in  
th ese ESUs or d isp lace th em from th eir 
h abitat. Th ese lists are n ot exh au stive. 
Th ey are in tend ed to p rovid e som e 
examp les of th e typ es of activities th at 
m igh t or m igh t n ot be con sid ered by 
NMFS as con stitu tin g a take of w est 
coast steelh ead und er th e ESA and its 
regu lation s. Qu estion s regard in g 
wh eth er sp ecific activities w ill 
con stitu te a violation of th is ru le, and 
gen eral in qu iries regard in g p roh ibition s 
and p erm its, sh ou ld be d irected to 
NMFS (see ADDRESSES). 

Effective Date of Final Listing 
Given th e cu ltu ral, scien tific, and  

recreation al imp ortan ce of th is sp ecies, 
and th e broad geograph ic ran ge of th ese 
listin gs, NMFS recogn izes th at 
num erou s p arties m ay be affected by 
th is listin g. Th erefore, to p erm it an 
ord erly imp lem en tation of th e 
con su ltation requ irem en ts and take 
p roh ibition s associated w ith th is action , 
th is fin al listin g w ill take effect October 
17, 1997. 
Conservation Measures 

Con servation m easu res p rovid ed to 
sp ecies listed as end an gered or 
th reaten ed und er th e ESA in clud e 
recogn ition , recovery action s, Fed eral 
agen cy con su ltation requ irem en ts, and  
p roh ibition s on takin g. Recogn ition 
th rou gh listin g p rom otes pu blic 
aw aren ess and con servation action s by 
Fed eral, state, and local agen cies, 
p rivate organ ization s, and ind ividu als. 

Several con servation efforts are 
und erw ay th at m ay h elp reverse th e 
d eclin e of w est coast steelh ead and 
oth er salm on id s. Th ese in clud e th e 
Northw est Forest Plan (on Fed eral land s 
w ith in th e ran ge of th e n orth ern sp otted 
ow l), PACFISH (on all add ition al 
Fed eral land s w ith an ad rom ou s 
salm on id p opu lation s), Oregon ’s Coastal 
Salm on Restoration In itiative, 
Wash in gton ’s Wild Stock Restoration 
In itiative, overlapp in g p rotection s from 
Californ ia’s listin g of coh o salm on 
stocks in Californ ia und er both th e 
Fed eral and State ESAs, imp lem en tation 
of Californ ia’s Steelh ead Man agem en t 
Plan , and NMFS’ Prop osed Recovery 
Plan for Sn ake River Salm on . NMFS is 
very en cou raged by a num ber of th ese 
efforts and believes th ey h ave or m ay 
con stitu te sign ifican t strid es in th e 
efforts in th e region to d evelop a 
scien tifically w ell ground ed 
con servation p lan for th ese stocks. 
Oth er efforts, su ch as th e Midd le 

Colum bia River Habitat Con servation 
Plan , are at variou s stages of 
d evelopm en t, bu t sh ow p rom ise of 
am elioratin g risks facin g listed 
steelh ead ESUs. NMFS in tend s to 
supp ort and w ork closely w ith th ese 
efforts—staff and resou rces p erm ittin g— 
in th e belief th at th ey can p lay an 
imp ortan t role in th e recovery p lann in g 
p rocess. 

Based on in form ation p resen ted in 
th is fin al ru le, gen eral con servation 
m easu res th at cou ld be imp lem en ted to 
h elp con serve th e sp ecies are listed 
below . Th is list d oes n ot con stitu te 
NMFS’ in terp retation of a recovery p lan 
und er section 4(f) of th e ESA. 

1. Measu res cou ld be taken to 
p rom ote land m an agem en t p ractices 
th at p rotect and restore steelh ead 
h abitat. Land m an agem en t p ractices 
affectin g steelh ead h abitat in clud e 
tim ber h arvest, road bu ild in g, 
agricu ltu re, livestock grazin g, and u rban 
d evelopm en t. 

2. Evalu ation of existin g h arvest 
regu lation s cou ld id en tify an y ch an ges 
n ecessary to p rotect steelh ead 
p opu lation s. 

3. Artificial p rop agation p rogram s 
cou ld be requ ired to in corp orate 
p ractices th at m in im ize imp acts up on 
n atu ral p opu lation s of steelh ead . 

4. Efforts cou ld be m ad e to en su re th at 
existin g and p rop osed d am facilities are 
d esign ed and op erated in a m ann er th at 
w ill less ad versely affect steelh ead 
p opu lation s. 

5. Water d iversion s cou ld h ave 
ad equ ate h ead gate and staff gau ge 
stru ctu res in stalled to con trol and  
m on itor w ater u sage accu rately. Water 
righ ts cou ld be en forced to p reven t 
irrigators from exceed in g th e am oun t of 
w ater to wh ich th ey are legally en titled . 

6. Irrigation d iversion s affectin g 
d own stream m igratin g steelh ead trou t 
cou ld be screen ed . A th orou gh review of 
th e imp act of irrigation d iversion s on 
steelh ead cou ld be condu cted . 

NMFS recogn izes th at, to be 
su ccessfu l, p rotective regu lation s and 
recovery p rogram s for steelh ead w ill  
n eed to be d evelop ed in th e con text of 
con servin g aqu atic ecosystem h ealth . 
NMFS in tend s th at Fed eral land s and  
Fed eral activities p lay a p rim ary role in 
p reservin g listed p opu lation s and th e 
ecosystem s up on wh ich th ey d ep end . 
How ever, th rou gh ou t th e ran ge of all 
five ESUs listed , steelh ead h abitat 
occu rs and can be affected by activities 
on state, tribal, or p rivate lan d . 
Agricu ltu ral, tim ber, and u rban 
m an agem en t activities on n on Fed eral 
land cou ld and sh ou ld be condu cted in 
a m ann er th at m in im izes ad verse effects 
to steelh ead h abitat. 
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NMFS en cou rages n on fed eral 
land own ers to assess th e imp acts of 
th eir action s on p oten tially th reaten ed 
or end an gered salm on id s. In p articu lar, 
NMFS en cou rages th e establishm en t of 
w atersh ed p artn ersh ip s to p rom ote 
con servation in accord an ce w ith 
ecosystem p rin cip les. Th ese 
p artn ersh ip s w ill be su ccessfu l on ly if 
state, tribal, and local govern m en ts, 
land own er rep resen tatives, and Fed eral 
and n on Fed eral biologists all p articip ate 
and sh are th e goal of restorin g steelh ead 
to th e w atersh ed s. 

 

Critical Habitat 
 

Section 4(b)(6)(C) of th e ESA requ ires 
th at, to th e exten t p rud en t, critical 
h abitat be d esign ated con cu rren tly w ith 
th e listin g of a sp ecies un less su ch 
critical h abitat is n ot d eterm in able at 
th at tim e. Wh ile NMFS h as comp leted 
its in itial an alysis of th e biological 
statu s of steelh ead p opu lation s from 
Wash in gton , Oregon , Id ah o, and  
Californ ia, it h as n ot comp leted th e 
an alyses n ecessary for d esign atin g 
critical h abitat. Th erefore, critical 
h abitat is n ot n ow d eterm in able for 
th ese five listed steelh ead ESUs. NMFS 
in tend s to d evelop and pu blish a critical 
h abitat d eterm in ation for w est coast 
steelh ead w ith in on e year from th e 
pu blication of th is n otice. 

 

Classification 
 

Th e 1982 am endm en ts to th e ESA, in 
section 4(b)(1)(A), restrict th e 
in form ation th at m ay be con sid ered 
wh en assessin g sp ecies for listin g. Based 
on th is lim itation of criteria for a listin g 
d ecision and th e op in ion in Pacific 
Legal Found ation v. A nd ru s, 675 F. 2d 
825 (6th Cir. 1981), NMFS h as 
categorically exclud ed all ESA listin g 
action s from en vironm en tal assessm en t 
requ irem en ts of th e Nation al 
En vironm en tal Policy Act (NEPA) und er 
NOAA Ad m in istrative Ord er 216–6. 

As n oted in Con feren ce Rep ort on th e 
1982 am end m en ts to th e ESA, econ om ic 
con sid eration s h ave n o relevan ce to 
d eterm in ation s regard in g th e statu s of 
sp ecies. Th erefore, th e an alytical 
requ irem en ts of th e Regu latory 
Flexibility Act (RFA), 5 U.S.C. 601 et 
seq., are n ot requ ired . Sim ilarly, th is 
fin al ru le is exemp t from review und er 
E.O. 12866. 

At th is tim e NMFS is n ot 
p romu lgatin g p rotective regu lation s 
pu rsu an t to ESA section 4(d ). In th e 
fu tu re, p rior to fin alizin g its 4(d ) 
regu lation s for th e th reaten ed ESUs, 
NMFS w ill comp ly w ith all relevan t 
NEPA and RFA requ irem en ts. 
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N ation al Marin e Fish eries S ervice. 

For th e reason s set forth in th e 
p ream ble, 50 CFR p arts 222 and 227 are 
am end ed as follow s: 

 

PART 222—ENDANGERED FISH OR 
WILDLIFE 

 

1. Th e au th ority citation of p art 222 
con tinu es to read as follow s: 

Authority: 16 U.S.C. 1531–1543; su bp art D, 
§ 222.32 also issu ed und er 16 U.S.C. 1361 et 
seq. 

2. In § 222.23, p aragraph (a) is 
am end ed by revisin g th e second 
sen ten ce to read as follow s: 

 

§ 222.23   Permits for scientific purposes or 
to enhance the propagation or survival of 
the affected endangered species. 

(a) *  *  * Th e sp ecies listed as 
end an gered und er eith er th e 
End an gered Sp ecies Con servation Act of 
1969 or th e End an gered Sp ecies Act of 
1973 and cu rren tly und er th e 
ju risd iction of th e Secretary of 
Comm erce are: Sh ortn ose stu rgeon 
(A cip en ser brevirostru m ); Totoaba 
(Cyn oscian m acd on ald i), Sn ake River 
sockeye salm on (On corh yn chu sn erk a), 
Ump qu a River cu tth roat trou t 
(On corh yn chu s clark i clark i); Sou th ern 
Californ ia steelh ead (On corh yn chu s 
m yk iss), wh ich in clud es all n atu rally 
sp awn ed p opu lation s of steelh ead (and  
th eir p rogen y) in stream s from th e San ta 
Maria River, San Lu is Obisp o Coun ty, 
Californ ia (in clu sive) to Malibu Creek, 
Los An geles Coun ty, Californ ia 
(in clu sive); Upp er Colum bia River 
steelh ead (On corh yn chu s m yk iss), 
wh ich in clud es th e Wells Hatch ery 
stock and all n atu rally sp awn ed 
p opu lation s of steelh ead (and th eir 
p rogen y) in stream s in th e Colum bia 
River Basin up stream from th e Yakim a 
River, Wash in gton , to th e Un ited States- 
Can ad a Bord er; Sacram en to River 

w in ter-run ch in ook salm on 
(On corh yn chu s tsh aw ytsch a); Western 
North Pacific (Korean ) gray wh ale 
(Esch rich tiu s robu stu s), Blu e wh ale 
(Balaen op tera m u scu lu s), Hump back 
wh ale (Megap tera n ovaean gliae), 
Bowh ead wh ale (Balaen am ysticetu s), 
Righ t wh ales (Eu balaen a spp .), Fin or 
fin back wh ale (Balaen op tera ph ysalu s), 
Sei wh ale (Balaen op tera borealis), 
Sp erm wh ale (Ph yseter catod on ); 
Coch ito (Ph ocoen a S inu s), Ch in ese river 
d olph in (Lip otes vex illifer); Indu s River 
d olph in (Platan ista m in or); Caribean 
m on k seal (Mon achu s trop icalis) 
Haw aiian m on k seal (Mon achu s 
sch au in sland i); Med iterran ean m on k 
seal (Mon achu s m on achu s); Saim aa seal 
(Ph oca h isp id a saim en sis); Steller sea 
lion (Eu m etop ias ju batu s), w estern 
p opu lation , wh ich con sists of Steller sea 
lion s from breed in g colon ies located 
w est of 144W. lon g.; Leath erback sea 
tu rtle (Derm och elys coriacea), Pacific 
h aw ksbill sea tu rtle (Eretm och elys 
im bricata bissa), Atlan tic h aw ksbill sea 
tu rtle (Eretm och elys im bricata 
im bricata), Atlan tic rid ley sea tu rtle 
(Lep id och elys k em p ii). * * * 
* * * * * 

 

PART 227—THREATENED FISH AND 
WILDLIFE 

 

1. Th e au th ority citation for p art 227 
con tinu es to read as follow s: 

Authority: 16 U.S.C. 1531–1543; su bp art B, 
§ 227.12 also issu ed und er 16 U.S.C. 1361 et 
seq. 

2. In § 227.4, p aragraph s (j), (k), and  
(l) are add ed to read as follow s: 

 

§ 227.4   Enumeration of threatened 
species. 
* * * * * 

(j) Cen tral Californ ia Coast steelh ead 
(On corh yn chu s m yk iss). In clud es all 
n atu rally sp awn ed p opu lation s of 
steelh ead (and th eir p rogen y) in stream s 
from th e Ru ssian River to Ap tos Creek, 
San ta Cru z Coun ty, Californ ia 
(in clu sive), and th e d rain ages of San 
Fran cisco and San Pablo Bays eastw ard 
to th e Nap a River (in clu sive), Nap a 
Coun ty, Californ ia. Exclud es th e 
Sacram en to-San Joaqu in River Basin of 
th e Cen tral Valley of Californ ia; 

(k) Sou th -Cen tral Californ ia Coast 
steelh ead (On corh yn chu s m yk iss). 
In clud es all n atu rally sp awn ed 
p opu lation s of steelh ead (and th eir 
p rogen y) in stream s from th e Pajaro 
River (in clu sive), located in San ta Cru z 
Coun ty, Californ ia, to (bu t n ot 
in clud in g) th e San ta Maria River; 

(l) Sn ake River Basin steelh ead 
(On corh yn chu s m yk iss). In clud es all 
n atu rally sp awn ed p opu lation s of 
steelh ead (and th eir p rogen y) in stream s 
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in th e Sn ake River Basin of sou th east 
Wash in gton , n orth east Oregon , and  
Id ah o. 
[FR Doc. 97–21661 Filed 8–13–97; 9:14 am ] 
BILLING CODE 3510–22–P 

 
 

DEPARTMENT OF COMMERCE 
 

National Oceanic and Atmospheric 
Administration 

 

50 CFR Part 679 
 

[Docket No. 970613138–7138–01; I.D. 
081397A] 

 
Fisheries of the Exclusive Economic 
Zone Off Alaska; Scallop Fishery; 
Closure in Registration Area Q 

 

AGENCY: Nation al Marin e Fish eries 
Service (NMFS), Nation al Ocean ic and 
Atm osph eric Ad m in istration (NOAA), 
Comm erce. 
ACTION: Closu re. 

 

SUMMARY: NMFS is closin g th e scallop 
fish ery in Registration Area Q (Berin g 
Sea). Th is action is n ecessary to p reven t 
exceed in g th e Ch ion oecetes op ilio (C. 
op ilio) Tann er crab bycatch lim it (CBL) 
in th is area. 

DATES: Effective 1200 h rs, Alaska local 
tim e (A.l.t.), Au gu st 13, 1997, un til 2400 
h rs, A.l.t., Jun e 30, 1998. 
FOR FURTHER INFORMATION CONTACT: 
And rew Sm oker, 907–586–7228. 

SUPPLEMENTARY INFORMATION: Th e 
scallop fish ery in th e exclu sive 
econ om ic zon e off Alaska is m an aged by 
NMFS accord in g to th e Fish ery 
Man agem en t Plan for th e Scallop 
Fish ery off Alaska (FMP) p rep ared by 
th e North Pacific Fish ery Man agem en t 
Coun cil und er au th ority of th e 
Magnu son -Steven s Fish ery 
Con servation and Man agem en t Act. 
Fish in g for scallop s is govern ed by 
regu lation s app earin g at su bp art F of 50 
CFR p art 600 and 50 CFR p art 679. In 
accord an ce w ith § 679.62(b) th e 1997 C. 
op ilio CBL for Registration Area Q w as 
establish ed by th e Fin al 1997–98 
Harvest Sp ecification s of Scallop s (62 
FR 34182, Jun e 25, 1997) as 172,000 C. 
op ilio crab. 

Th e Ad m in istrator, Alaska Region , 
NMFS, h as d eterm in ed , in accord an ce 
w ith § 679.62(c), th at th e C. op ilio CBL 
for Registration Area Q h as been 
reach ed . Th erefore, NMFS is p roh ibitin g 
th e takin g and reten tion of scallop s in 
Registration Area Q. 

Classification 
Th is action resp ond s to th e best 

available in form ation recen tly obtain ed 
from th e fish ery. It mu st be 
imp lem en ted imm ed iately to p reven t 
overh arvestin g th e 1997 CBL for 
Registration Area Q. Provid in g p rior 
n otice and an opp ortun ity for pu blic 
comm en t on th is action is imp racticable 
and con trary to pu blic in terest. Th e fleet 
h as alread y taken th e CBL for 
Registration Area Q. Fu rth er d elay 
w ou ld on ly resu lt in overh arvest and  
d isrup t th e FMP’s objective of allow in g 
in cid en tal catch to be retain ed 
th rou gh ou t th e year. NMFS find s for 
good cau se th at th e imp lem en tation of 
th is action cann ot be d elayed for 30 
d ays. Accord in gly, und er 5 U.S.C. 
553(d ), a d elay in th e effective d ate is 
h ereby w aived . 

Th is action is requ ired by § 679.62 
and is exemp t from review und er E.O. 
12866. 

Authority: 16 U.S.C. 1801 et seq. 
Dated : Au gu st 13, 1997. 

Gary C. Matlock, 
Director, Office of Su stain able Fish eries, 
N ation al Marin e Fish eries S ervice. 
[FR Doc. 97–21826 Filed 8-13-97; 2:40 pm ] 
BILLING CODE 3510–22–F 
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FOREWORD 

 
 

The California Department of Fish and Game has received a continuing 
stream of requests from administrators, legislators, biologists, and sportsmen 
for basic, quantitative information on the life histories of the steelhead and 
silver salmon. This bulletin has been prepared in response to these requests. 

As additional information about the steelhead and silver salmon is gathered 
the concepts regarding their management will be broadened and in some 
instances changed to meet new situations. However, the fundamental facts 
about the life histories of these fishes will remain unchanged and from this 
viewpoint this bulletin will have lasting value. 

 
 
 

May, 1954 

LEO  SHAPOVALOV  and   ALAN  C.  TAFT 
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INTRODUCTION 
The   Steelhead   Rainbow   Trout,   Salmo   gairdneri   gairdneri 

Richardson, and Silver Salmon, Oncorhynchus  kisutch  (Walbaum), 
are two of the most important fishes found along the Pacific Coast 
of North America. A considerable amount of published material  
regarding their biology, distribution, systematic status, propagation, 
and management already exists. However, up  to  the  present  time, 
and especially to the start of the experiments described in the 
present paper, there has been a notable lack of quantitative data 
regarding both species, particularly with regard to their life 
histories. 

Because of this lack of quantitative data, so necessary for sound 
regulatory, stocking, and other management programs,  the 
California Trout Investigations, a cooperative unit of the California 
Division of Fish and Game (now the California Department of Fish 
and Game) and the U. S. Bureau of Fisheries (now a part of the U.S. 
Fish and  Wildlife  Service) in  1932 initiated  a program  of  study at 
Waddell Creek, a typical coastal stream in Santa Cruz County, 
California. Upon the termination  of  the  formal  cooperative 
agreement in 1937, these studies were conducted independently by 
the California Division of Fish and Game. 

The plan of the experiment was to study the steelhead and the silver 
salmon in their natural habitat. Since both fishes are anadromous, the 
logical approach was to construct a dam or weir at which both the 
upstream and downstream migrants could be counted. In the process of 
counting, observations could be made on the migrants (measurements, 
scale samples, sexual maturity, parasites, etc.), fluctuations of popula- 

 

1 Chief, Bureau of Fish Conservation, California Department of Fish and Game (Retired). 
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tions determined from the counts, and the counts complemented by 
observations made on the fishes in the stream (spawning activities, 
feeding habits, etc.). 

Waddell  Creek  was  chosen  for  the  following  reasons:  It  was  a 
stream  under  as  nearly  natural  conditions  as  could  be  found  in 
California at the present time and was still reasonably accessible; it 
was large enough to possess a full biota and small enough to be 
dammed at reasonable cost and to permit complete counts of at least 
all upstream migrants, and thus avoid errors that might result from 
sampling; it was so situated that it could be kept under observational 
and legal control as a unit, with the general public excluded. 

Waddell Creek in its general characteristics is typical of the great 
majority of California coastal streams of like size. Moreover, in minia- 
ture it is almost a replica of the larger stream systems, such as the 
Klamath and the Eel. This fact is of great importance in that the habits 
and ecology of the trout and salmon in the small streams and the large 

 

 
 

FIGURE 1.   Steelhead and salmon streams of the California coast. 
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ones are similar. Consequently, the conclusions regarding the proper 
management of these fishes derived from the present study are applicable, at 
least in the broader aspects, to the coastal streams in general. 

Obviously, certain limitations are imposed by a program that consists of 
studying the natural fluctuations of a population in a limited area. Large-scale 
sampling involving the killing of specimens cannot be carried on without 
danger of disturbing the natural balance. Thus, it is not possible to make 
various measurements such as egg counts and pyloric caeca counts, stomach 
analyses, etc. The very great advantage of Waddell Creek in this respect was 
that its drainage basin is adjacent to that of Scott Creek, a stream of comparable 
size, with comparable environmental conditions and a similar fauna, in which 
the lacking data could be gathered. Scott Creek had the advantage of being the 
location of a State egg collecting station and a State hatchery (the latter situated 
on a tributary, Big Creek) and of being set aside as a State Fish Refuge. 
Consequently, it was possible not only to gather data on egg production and to 
secure measurements but also, through marking of the naturally-spawned fish 
in Waddell Creek and the artificially-spawned and hatchery-reared fish in Scott 
Creek, to carry out a comparative study of two adjacent streams, one under 
natural conditions and the other under artificial management, and to study the 
amount of "homing" and "straying" between the two streams. 

As will be discussed further in this paper, certain conditions already 
existed or were created by the experiment which altered natural conditions 
to varying degrees, especially in the direction of making difficult a true 
evaluation of population fluctuations under natural conditions, but the 
essential quantitative picture of the life histories of the species concerned 
has remained a correct one. 

 
DESCRIPTION OF THE EXPERIMENTAL PLAN 

The basic physical portion of the Waddell Creek experiments  con- 
sisted of a dam and a two-way trap for counting upstream and down- 
stream migrants (Figure 2). This  trap was designed by Taft, who has 
presented accounts of its operation in two papers (1934, 1936). A de- 
tailed description and illustrations of the physical plan are contained in 
the latter publication. This detailed description will not be repeated in 
the present paper, but a general explanation of the nature and operation 
of the dam and trap is in order. 

The  dam  and  trap  were  constructed  during  the  summer  of  1933, 
approximately 7,250 to 9,250 feet above the mouth of the stream (the 
distance depending upon the varying location of the mouth) and 3,300 
feet above  the uppermost  limit of tidewater. The location  of the  dam 
(elevation about 25 feet) was the point farthest downstream at which it 
was believed that a dam could be constructed without danger of flood- 
water washing around it. 

The dam acted as a barrier which the fish could not pass on their 
migration upstream. As a result they sought the "fish ladder" which led 
into a tank, where they were trapped. Downstream migrants were brought 
into another compartment of the same tank by way of a short  flume 
leading from the stream above the dam. They were separated from the 
upstream fish and were prevented from passing downstream by a double 
set   of   screens,   the   finest   of   which   was   of   quarter-inch   mesh. 
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FIGURE 2.   Waddell Creek dam and trap at low water, showing apron to prevent upstream fish from 

jumping over dam.  California Department of Fish and Game photograph. 
 

All of the adult fish coming to the dam were taken in the trap and were 
counted and scale samples taken for purposes of life history determination. The 
number of adults of each life history category in each season2 was thus 
determined. This was the first and most important step in determining the 
population fluctuations from season to season. (During extreme flood water in 
some seasons a certain number jumped upstream over the dam and in each 
season some fish spawned below the dam. The numbers of such fish and their 
effects on the experiment will be discussed further in this paper.) 

The second and more difficult step was the determination of the number 
of juvenile fish of each age moving from the stream to the ocean in each 
season. It was possible to strain only a small portion of the water passing 
downstream during high water (Figure 3) and it therefore follows that only a 
portion of the total number of fish migrating could be trapped. However, the 
calculation of the percentage of fish taken in the trap was possible through 
the marking of the migrants caught in the trap. Alternate pectoral fins and the 
adipose were removed in each season during the seasons 1933-1934 to 1937- 
1938, inclusive, so that the fish migrating downstream in each season could 
be recognized when they returned as adults. The total number of migrants 

 

2At Waddell Creek, the yearly period chosen for the purpose of the studies was that included from October 1st of a 
given year to September 30th of the following year. To avoid confusion with calendar years, such a period is called a 
"season." Thus, the season of 1937-1938 comprised the period from October 1, 1937, to September 30, 1938, inclusive. 
This season also coincides with the U. S. Geological Survey water year. The rainy season in California, which, together 
with its direct effect (water flows, etc.), under natural conditions is the dominating factor in the life history of the 
Pacific salmons and the steelhead, normally lasts from November into April, and so also falls within the season chosen. 
Thus, at Waddell Creek and in neighboring streams the spawning seasons, hatching seasons, periods of emergence 
from gravel, and principal upstream and downstream migrations of both juveniles and adults of the steelhead and silver 
salmon are completed within the period from October 1st of one year through September 30th of the next. 
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FIGURE 3.    Waddell Creek dam and trap at high water; apron submerged 

Photograph by Leo Shapovalov. 

 
in any one year was then calculated in accordance with the proportion 
of marked to unmarked fish of the same life history. During the seasons 
1938-1939 to  1941-1942 the downstream  migrants taken  in the  traps 
were not marked, but were counted and measured. 

 

DESCRIPTION OF WADDELL CREEK 
 

Waddell Creek is located in central California, approximately two- 
thirds of the way from San Francisco to Monterey Bay. It enters the 
Pacific Ocean approximately 17 air-line miles and 20 miles by coast 
northwest of the northern end of Monterey Bay and three air-line miles 
southwest of Año Nuevo Point, on the coast of Santa Cruz County, at 
lat. 37° 6' N., long. 122° 17' W. The location of the stream  and  its 
relation to nearby features of interest  in  connection with the present 
study are shown in Figure 4. 

The area is near the southern border of the humid coast belt. The 
headwaters of most of the streams in this belt are subject to a great deal 
of precipitation during the winter months. The headwaters portion of 
Waddell Creek has a mean annual rainfall of between 55 and 60 inches. 
The lower portion of the watershed  receives much less rainfall, 
averaging in the neighborhood of 30 inches near the coast. More than 
one-half of the rain falls during December, January, and February. 

Because of the distinct wet and dry seasons, there are tremendous 
fluctuations in the flow of most of the coastal streams. The extent of 
these fluctuations in Waddell Creek may be gathered from  Table  1, 
which shows the peak floods and low points in each year during the 
period 1934-1942. 
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FIGURE 4.    Waddell Creek and nearby streams. 

 
During a portion of the year, which may be spring or summer or both, 

dense fogs roll in from the ocean and blanket the lower portion of the 
stream. These cool the water and even temporarily increase the flow to a 
slight extent. 

Like nearly all California coastal streams, small or large,  Waddell 
Creek terminates in a drowned  mouth or lagoon, which is  subject to 
tidal action during those portions of the year when it is not closed by a 
sand bar. The mouths  of only a few  of the larger  California streams 
(Klamath River, Eel River, Noyo River) regularly stay open throughout 
the summer months. Depending upon stream flows, tides, and wind and 
wave action, from approximately April to July or August sand bars 
intermittently open and close the mouths even of such streams as the 
Russian  River  and  the  San  Lorenzo  River.  During  July  or  August 
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the bars usually form to remain until they are broken (October-Novem- 
ber) by the first heavy rains of the wet season. Following this there may 
again be a period of intermittent closings, until the bars finally break 
out (usually December) to remain open until the following spring or 
summer.  Table  2  shows  the  openings  and  closings  of  the  mouth  of 

 
TABLE 1 

Waddell Creek: Yearly Maximum and Minimum Flows * 
 
 

Year 

 
Maximum flow 

 
Minimum flow 

 
Date 

 
Second-feet 

 
Date 

 
Second-feet 

1934 February 26 278 September 8 0.7 
1935 April 3 625 September 19 2 
1936 February 22 1,390 October 3 1 
1937 March 21 1,390 November 7 3 
1938 January 31 1,540 September 27 2 
1939 March 9 114 September 28 4 
1940 March 30 6,460 November 15, 16, 22 5 
1941 February 9 2,065 October 15 4 
1942 January 24 1,800 

* Measurements made at the dam. 
 

Waddell Creek.  The mouth of Scott Creek has usually opened and 
closed on the same dates. 

The lagoons of the different California streams are not all of a size 
proportionate to the size of the stream. Some streams have character- 
istically "large" lagoons, while others have "small" lagoons. In a given 
stream, too, the size and shape is not constant from year to year, 
especially in those cases in which man-made construction (bridges, 
jetties, etc.) has affected the lower end of the stream or caused abnor- 
mal fluctuations of flow. The mouth of Waddell Creek has shifted over 
a distance of 2,500 feet during the course of these experiments and the 
depth of the lagoon has varied from only a few inches of running water 
to over eight feet. The area of the lagoon has also varied widely. In 
1933 it was subject to tidal action for about one mile from the ocean. 

 
TABLE 2 

 
Waddell Creek: Openings and Closings of Mouth 

 

 
Year 

 
First closing  date 

 

Permanent 
closing date 

 

First 
opening date 

Permanent 
opening date 

1933  
April 21 

 
May 11 

October 31 December 28 
1934 November 18 December 13 
1935 May 30 July 19 October 11 December 29 
1936 June 19 July 3 November 19 December 26 
1937 August 24 August 24 October 26 December 8 
1938 October 25 October 25 October 27 October 27 
1939 June 29 July 9 November 24 December 7 
1940 July 26 August 14 September 13 December 16 
1941 July 24 September 14 October 9 December 9 
1942 September 25 



 

 
 

FIGURE 5.   Lower Waddell Creek in late summer, showing the drying lagoon (a t  r igh t ) .  Photograph  by  Leo Shapovalov, August 31, 1939. 
 

Waddell Creek has its source in the Redwood belt of the Santa Cruz 
Mountains, at  an altitude  of  1,500 to 2,300 feet, in the form of half a dozen 
or so small tributary streams  located  in  the  California  Redwood  State  Park 
(Big Basin). These small tributaries unite  to  form  two  larger  streams,  the 
East Branch and the "West Branch, which in turn join  to  form  the  main 
branch of Waddell  Creek.  The  length  from  month  to  source  is 
approximately 12 miles. The hydrographic  basin  of  Waddell  Creek  has  an 
area of 26 square miles. 

The  distance  from  the  uppermost  limit  of  tidewater  to  the  junction  of  the 
Bast Branch with the West Branch (called "The Porks") is 14,500 feet. The 
distance from The Forks (elevation about  90  feet)  to  Slippery  Palls 
(elevation about  185  feet)  on  the  West  Branch,  usually  the  uppermost  limit 
to which upstream migrants can  ascend  on  the  West  Branch,  is  14,000 feet. 
The distance from  The  Porks  to  the  Main  Palls  on  the  East  Branch 
(elevation  about  210  feet),  the  uppermost  limit  to   which   upstream 
migrants can ascend the East Branch, is almost exactly one mile. 

The current of Waddell Creek  is  rapid  to  moderate throughout its course. 
The small headwater tributaries of Waddell Creek first meander over sandy 
bottoms  or  tumble  through  ravines  among  the  virgin  redwoods   of   Big 
Basin. As they become larger and unite to form the East and West branches, 
thejr    cascade  and  fall  over  boulders  and  bedrock  and  cut  through  steep- 
walled,  fern-covered  gorges.  Especially  the  East  Branch  has   many   deep 
pools (up to 15 feet), which are separated by short stretches of  stream 
flowing over large  rubble  and  boulders  and  bedrock  and  culminating in falls 
up to five  feet  in  vertical  drop.  These  upper  reaches  of  stream  flow  through 
the   Transition   Life   Zone,   characterized   here   by   a   forest   of   Redwood 
(Sequoia sempervirens) and Douglas Pir (Pseudotsuga taxifolia).3 

 
3 The major plant associations of the region have been discussed by Orr ( 1 9 4 2 ) .  

 
The  lower  portion  of  the  West  Branch  (from  Henry  Creek   to   The 

Porks) and the main stream (below The Porks)  are  broader  and  contain 
fewer deep pools. Here there are abundant gravel and small rubble beds, 
interspersed  with  stretches  of  sandy  bottom  or  coarse  rubble.  The 
stream  banks  are  lined  by  Red  Alder  (Alnus   rubra),   Big-leaf   Maple 
(Acer  macrophyllum),   Buckeye   (Aesculus   californica),   Madrono 
(Arbutus  menziesii),   California   Laurel   (Umbellularia   californica),   and, 
in the lowermost portion, by willows (Salix spp.). Also encountered 
occasionally are Tan Oak (Lithocarpus densiflora), Box Elder  (Acer 
negundo), White Alder (Alnus rhombifolia), Black Cottonwood (Populus 
trichocarpa), California Nutmeg (Torreya californica), Redwood,  and 
Douglas Pir. 

The redwoods extend to within  about  a  mile  of  the  coast  at  this  point 
and the  lowermost  portion  of  the  stream  flows  through  the  Upper 
Sonoran Life Zone. Here several patches of cultivated grassland and crop 
fields are scattered through a valley, which is about 2,000 feet wide at its 
broadest point and extends inland about 6,000 feet. The hill-slopes are 
populated mostly by chaparral, pines, and Douglas fir. The predominant 
sandstone formation is covered with a lo ose, whitish, diatomaceous shale. 

Immediately above the lagoon the stream flows through a small area of 
marshland. The lagoon is bordered by shifting sand dunes. 

Some changes from the primitive condition of the  area  have  taken 
place as a result of human usage. The  redwood  forest  of  the  watershed 
below Big Basin was logged off by 1870 and is now covered by a second 
growth. The early lumbering operations have resulted in the  creation  of 
several  semipermanent  log  jams  and  temporary  accumulations  of  logs, 
which   have   hastened   erosion   of   the   stream   banks,   with   consequent 
increase in silting during flood stage. 
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OUTLINE OF THE LIFE HISTORIES OF THE SILVER SALMON 
AND STEELHEAD RAINBOW TROUT 

 

In order that those not fully acquainted with the silver salmon and 
steelhead might have a better understanding of the purposes and char- 
acter of the experiments, a brief outline of the life histories of these 
species is here presented. 

Both the silver salmon and the steelhead are members of the family 
Salmonidae, which includes such groups as the trouts, salmons, charrs, 
and whitefishes. 

Generally, the salmonids are inhabitants of cool, clear waters in the 
temperate and boreal regions of the world. A good, readily under- 
standable description of the distribution and relationships of the sal- 
monids, particularly the trouts, and the species present in California is 
given by Snyder (1940). 

In appearance, the steelhead and the silver salmon, although be- 
longing to different genera, are very similar. The outstanding dif- 
ference between the two and also the genera that they represent is not a 
morphological, but a biological one. The several species of the genus 
Oncorhynchus, commonly called the Pacific salmons, all die after 
spawning once, whereas the numerous species of the genus Salmo, 
which includes not only all of the true trouts but also the  Atlantic 
Salmon (Salmo salar), are biologically capable of spawning more than 
once. 

Under the proper environmental  conditions both the steelhead and 
silver salmon are anadromous, i.e., they spend a portion of their lives, 
during which  they put  on the greater part  of their growth and  attain 
sexual  maturity,  in  the  ocean  and  then  ascend  streams  for  spawning 
purposes. The eggs are deposited in pits, known as redds or nests, dug 
in the gravel of the stream bottom by the female fish. Immediately after 
deposition and simultaneous fertilization by the male fish, the eggs are 
covered with gravel by the females. After a certain period in the gravel, 
the length of which depends upon temperature, oxygen, and other fac- 
tors,  as  well  as  the  species  involved,  the  young  fish  hatch  from  the 
gravel and gradually work their way to the surface of the stream bed. 
After emergence from the gravel, the young fish spend a certain time in 
the stream, which is usually a year or  longer  but  depends  primarily 
upon the species and secondly upon various environmental factors, and 
then descend to the ocean. In the case of the silver salmon, some of the 
males mature and return to spawn after one summer in the ocean, while 
the females and the remaining males return to spawn after two summers 
in  the  ocean.  In  the  case  of  the  steelhead,  some  of  both  males  and 
females mature and return to spawn after one summer in the ocean, and 
practically all of the remaining fish return after the second summer. It 
must be pointed out that a certain proportion, in some cases perhaps a 
considerable  proportion,  of  the  steelhead  may  remain  in  the  stream, 
attain sexual maturity, and spawn without descending to the  ocean. 
Silver salmon do not spawn until they have spent some time in  the 
ocean.4

 
 

4 
A few males may attain  precocious sexual  maturity  prior  to  their  entry  into  the ocean, but such fish do not 

participate in the spawning 
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From the foregoing account  it is seen that the life histories of the 
steelhead and silver salmon are in general quite similar, except in that all 
of the silver salmon die after spawning once and do not spawn without a 
period in the ocean. This brief account of the life histories of the two 
fishes will suffice for the present, but more detailed descriptions of the 
various life history phases will be presented further on  in  this  paper, 
along with references to the published literature. It should be kept in 
mind that there are certain exceptions to most of the above general 
statements. 

The general distribution of the steelhead is in the coastal streams of 
the  Pacific  Coast  of  North  America,  from  the  United  States-Mexico 
boundary or possibly even Baja California northward to and including 
Alaska. The general distribution of the silver salmon is from some of the 
streams entering Monterey Bay, California, to the Amur River in Asia. 
Again, it must be kept in mind that certain exceptions occur. A 
discussion of the geographic distribution of the Pacific salmons is given 
by Davidson and Hutchinson (1938). 

To a varying but in each case marked extent, both the steelhead and 
silver  salmon  exhibit  a  "homing  instinct,"  i.e.,  the  young  fish  which 
descend from fresh water to the ocean return to their "parent stream" for 
spawning purposes (young fish artificially hatched and liberated return to 
the stream in which they were liberated, not to the stream to which their 
parents returned or in which they were hatched). Some of  the 
experiments on which these conclusions are based are described by Taft 
and Shapovalov (1938), and the whole subject of a homing instinct in 
trout and salmon is reviewed and discussed by Shapovalov (1941b). 

In California, the steelhead (as well as all other trout) are barred to 
commercial fishermen, but are taken in very large numbers by sports 
anglers, both as adult and as immature fish, at sea and in fresh or 
brackish water. The silver salmon is of both commercial and game im- 
portance, being taken in the mature form by commercial fishermen at 
sea, and by sports anglers both as adult and as immature fish at sea and 
in fresh or brackish water. 

A biological and economic comparison of the two species is given in 
Table 3. 

 
TERMINOLOGY 

In order that further portions of this paper may be better understood, 
the writers believe that it is well at this point to define the terminology 
that will be used. 

Common and Scientific Names 

First the use of common names should be clarified. In this paper, the 
common name Silver Salmon will apply to the species Oncorhynchus 
kisutch. One popular misconception that has existed along various parts 
of the Pacific Coast is that the hook-nosed salmon, called "dog salmon" 
by local residents, form a distinct species. Such fish are simply males 
whose snouts have become hooked and elongated during the spawning 
season. This phenomenon takes place to a greater or less extent in all of 
the species of Pacific salmons and to some extent in the steelhead. A 
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TABLE 3 

Steelhead and Silver Salmon: Biological and Economic Comparison 
 

 Steelhead Silver salmon 
Die after first spawning? 
Sometimes spawn without some time spent in the ocean? 

Females dig spawning nests in gravel? 

Some males return to spawn after one summer in ocean? 

Some females return to spawn after one summer in ocean? 

Remaining males and females return to spawn after two summers in 
ocean? 

Spawning range 

Exhibit homing instinct? 

Caught commercially in California? 

Caught as game fish in California? 

No 

Yes 

Yes 

Yes 

Yes 

Yes* 
 

U.S.-Mexico 
boundary to and 
including Alaska 

Yes 
No 
Yes 

Yes 

No 

Yes 

Yes 

No 

Yes* 
 

Monterey Bay 
to Amur River, 

Siberia 

Yes 

Yes 

Yes 

* A few fish, probably less than 1 percent in most streams, may return to spawn after three summers in ocean. 
 

distinct species of salmon, the Chum Salmon (Oncorhynchus keta), is 
sometimes also known as dog salmon, but it occurs comparatively in- 
frequently in California. Common names applied to the silver salmon are 
jack salmon (applied especially to young males), dog salmon or hookbill 
(applied to males with hooked snouts and red sides), coho, and silversides. 

In this paper, the common name Steelhead Rainbow Trout will apply 
to the subspecies Salmo gairdneri gairdneri, irrespective of the habitat, 
size, or sexual condition of the individuals concerned, but for the sake of 
brevity the unofficial common name "steelhead" will be used. When 
individuals of this subspecies remain in a stream throughout their life- 
time they grow at a much slower rate than those individuals which have 
entered the ocean, and take on the typical bright coloration of "stream 
trout" or "rainbow trout." 

Some writers fully  recognize that the small coastal trout and the adult 
spawning fish form a single species or subspecies, but prefer to use the term 
"steelhead" not as the common name of a distinct species or subspecies but as 
a term designating any species of trout that has been in salt water. According 
to this system of nomenclature, there are both "rainbow steelhead" and 
"cutthroat steelhead." In the east there would then be "eastern brook 
steelhead." This terminology has certain merits, but its chief fault is that it has 
not "stuck" in the popular usage of the vast army of anglers. 

There has also been some difference of opinion as to which scientific 
name should be applied to the steelhead, Salmo gairdneri or Salmo 
irideus. This is a technical point, depending upon the date and validity 
of the original descriptions which first used these names. Inasmuch as 
the great majority of scientists up and down the Pacific Coast now use 
the name Salmo gairdneri and because the writers have satisfied 
themselves that the description of the fish which accompanied the first 
use of this name could apply only to the form herein called steelhead, 
this name will be used in this paper. A discussion of the scientific name 
that should be applied to this species is given by Shapovalov (1941a). 

Among common names that are applied to the steelhead are the fol- 
lowing:   rainbow  (applied  to  individuals  that  color  up  and/or  mature 
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in fresh water), half-pounder (applied to small sea-run individuals or 
large, silvery individuals that have remained in fresh or brackish 
water, weighing usually from one pound to two and one-half pounds; 
term used particularly on the Eel River system of California), summer 
salmon (applied to green spring-run fish, especially in  the  Middle 
Fork of Eel River), and sea-run rainbow. 

 
Terms Applied to Various Life History Stages 

The following list is one of terms applied in this paper to various 
stages in the life histories of the steelhead and silver salmon. 
Juvenile. Fish which is sexually immature. 
Adult. Fish which has matured sexually in one or more summers 

of sea life. This term includes grilse. 
Grilse. Fish which has matured sexually in only one summer of 

sea life. 
Resident fish. Fish which is an offspring of parents that spawned without 

having been to sea and which itself has not been to sea. 
Sea-run fish Fish which has entered a stream  to  spawn  after  one  or 

more summers of sea life.5
 

Stream fish. Fish which has not been to sea, irrespective of its parent- 
age or sexual maturity. 

Ripening fish. Fish whose sexual products are developing preparatory to 
spawning. 

Spent fish. Fish  which  has  not  yet  recovered  from  the  effects  of 
spawning. 

Fall-run fish. Fish which enters a stream at any time from the late 
summer through the following spring and will spawn 
sometime during that same period.6 

Spring-run fish. Fish which enters a stream in the spring or early 
summer, but which will not spawn until the following fall, 
winter, or spring. 

Maiden fish.   Fish, whether male or female, which has not spawned. 
Ripe fish. Fish which is ready for spawning. 

 

Most of the terms in the above list are in general use, but some often 
have been used dissimilarly in different publications or have not been 
sharply defined. The term "grilse" has sometimes been used to  des- 
ignate not only those fish which have matured after only one summer 
of sea life, but also those which have matured prior to the modal year 
of maturity for the species. Sometimes the term "mature fish" has been 
used as a synonym for what in this publication is called "sea-run fish." 
Pautzke and Meigs (1940) apply the term  "immature"  to  steelhead 
prior   to   their   initial   entrance   into   salt   water   and   "mature"   to 

 

5 In the Eel River and in some other streams, especially the larger ones, some steelhead apparently return to fresh water 
after a brief sojourn (less than one summer) at sea without having attained sexual maturity. Some of the "half- 
pounders" fall in this category. Such fish are not "sea-run fish" within the meaning of the definition used 
herein. 

6 The term "winter-run" is sometimes applied, especially in the case of the steelhead, to fish entering fresh water during 
the winter months, but fundamentally such fish are part of the "fall-run," in that they will not "summer over" 
before  spawning. In the past, the terms "fall-run" and "spring-run" have been applied mainly to the King 
Salmon (Oncorhynchus tshawytscha), but they have application to other species as well. 



22 FISH BULLETIN NO. 98  
 

fish which are returning from salt water to fresh water for the purpose of 
spawning. Since steelhead often become sexually  mature  without 
entering salt water, the writers believe that the terms used in the present 
paper are more applicable. The term "trout" has not infrequently been 
applied, especially in the parlance of the angler, to  those  steelhead 
which in the present paper are defined as  "stream fish" and  the term 
"steelhead" to what are here called "adult," Such usage has been based 
on misconception. 

 
Terminology of "Scale Reading" 

As has long been known, the determination of the life histories of 
salmonids is possible from a microscopic examination of the scales. The 
developed scale shows ridges which appear as concentric rings, and are 
termed circuli. In general, the scales start to register the growth of the 
fish immediately after their formation, the circuli being more widely 
spaced during rapid growth and more narrowly spaced during slow 
growth. A prolonged cessation, brief interruption, or disturbance of 
growth is reflected by notably closer spacing and usually by irreg- 
ularities and anastomosis of the circuli. In the present paper any such 
closely spaced and irregular group of circuli will be termed a check. One 
that forms between annual growing seasons will be termed an annulus or 
year check, while one that forms as a result of some disturbance during 
the course of the growing season will be termed a false annulus or false 
check. Over the range of salmonids as a whole the annulus forms during 
the winter, but in Waddell Creek and  other  California  coastal  waters 
with mild winters and dry summers such growth cessation or slowing- 
down often takes place in the autumn or even in late summer, as will be 
discussed more fully further  in his paper.  Freshwater  growth  will  be 
used to denote that part of the scale which had formed during residence 
in fresh water, and sea growth or saltwater growth to designate the part 
formed at sea, Intermediate growth will indicate the portion of the scale 
formed during the season of migration to the sea, prior to entry into salt 
water. New growth will be used to designate that part of the scale which 
had formed during the growing season in which the scale was collected. 
Spawning is reflected in the scale by a more or less marked erosion or 
absorption of the edge of scale. Since spawning usually takes place at 
the time of formation of the annulus, this erosion usually replaces or 
obliterates the annulus that has just formed or is forming. Since the 
silver salmon spawns but once, the spawning erosion is found only at 
the edge of a scale. In the case of the steelhead, however, spawning is 
normally followed by a growing period, so that in following years the 
erosion of the spawning season is reflected in the scale as a jagged scar 
or line typically cutting across a number of circuli. Such a formation is 
known as a spawning mark. Regenerated scales are those which have 
replaced lost scales. In regenerated scales the portion represented by 
the lost scale is "blank," i.e., without circuli, and so such scales are 
generally of little use in scale reading. 
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Designation and Recording of Age 

Standard methods of (1) designating and (2) recording the age of fishes, 
and even of salmonids as a group, have never been adopted and are very 
difficult to compose. Some of the difficulties encountered in attempting to 
designate age are posed by the following questions: Should the beginning 
of life be computed from the time of fertilization of eggs or time  of 
hatching of eggs? Should the end of a year of life be computed as the end 
of a calendar year, the anniversary of the date of fertilization or hatching, 
or the end of a growing period? 

In the case of human beings, the exact date of birth of an individual 
is ordinarily known, and so it is an easy matter to mark age by birth- 
day anniversaries. This method of age designation for human beings 
is satisfactory because it is accurate and because we are often inter- 
ested in human beings as individuals. In the case of fish under natural 
conditions,  however,  it  is  impossible  in  practice  to  determine  from 
scale reading the exact time of either fertilization or hatching. 
Furthermore, from the viewpoint of fisheries management and 
especially in the case of salmonids, the thing that we are interested in 
and around which the biological work centers is not individuals as such 
but brood years, and individuals only as units of the year classes that result 
from the brood years. 

In the present paper the year in which the fish hatched is considered as 
the brood year of a fish and the end of a growing period as the end of a 
year of life. 

The year in which a fish hatched rather than the one in which the egg was 
fertilized is chosen as the brood year for the following reasons. (1) Although 
in some waters the calendar year in which the fish hatched and in which the 
egg was fertilized are the same, in many others the beginning of a calendar 
year comes in the middle of the spawning season for various salmonids, 
while the hatch from a given spawning run always or practically always 
takes place within a calendar year. (2) The time of hatching places the 
beginning of life in salmonids on a comparable basis with the beginning of 
life for human beings, while the time of fertilization would not for purposes 
of age designation. The time of hatching also makes this system of age desig- 
nation more readily applicable to viviparous fishes, while the time of 
fertilization would not. (3) The time of hatching marks the beginning of 
growth of the fish in its approximate final form. (4) The time of hatching in 
all fishes is ordinarily followed by a growing period within the same 
calendar year, while the time of fertilization often is not. 

Salmonids spawn only once a year and, although in some cases they 
have a prolonged spawning season, a definite growing period normally 
intercedes between the spawning seasons. Thus, it is logical to use 
growing periods as indexes of years of life and the end of a growing 
period to mark the end of a "year" of life. From scale examination it is 
usually impossible to mark exactly the beginning of the formation of 
the annulus for the reason that this is not a clearly marked point but 
appears as a gradual narrowing of the circuli. (This is particularly true 
of waters in which there is no season of markedly low temperatures.) 
On the other hand, the end of the formation of the annulus, which is 
also    the    beginning    of    new    growth,    is    nearly    always    quite 
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clearly marked. In this paper, then, the end of the annulus and the 
beginning of new growth have been chosen as the point marking the 
completion of one year of life and the beginning of another. In the case 
of fish that spawn at the end of a growing season an annulus often is not 
formed, so the beginning of new growth following the spawning mark is 
used as the point marking the completion of that year of life.7 

The computation of the end of a year of life on the basis of  anni- 
versary of date of fertilization or hatching would both be unsatisfactory, 
if only from the point of view that these dates cannot be determined in 
scale reading. The basis of the end of a calendar  year would also be 
unsatisfactory, for the reason that the fish of a given age group would 
change their age with the end of that year without any biological basis. 
Confusion in recording age would be apt to result in the case of a species 
whose spawning season extended from one calendar year into the next, as 
in the case of both steelhead and silver salmon at Waddell Creek. 

The procedure herein outlined places the age of the fish on a biological 
basis and thus makes possible the comparison of the age and growth of 
the same species from different waters, even when the spawning and 
hatching times are quite different for such waters. 

In accordance with the system outlined above, a fish is in its first year 
of life from the time that it hatches until the beginning of formation of 
new growth following completion of the first annulus. The age group of 
such a fish is recorded by the sign "+." (Some writers, e.g., Hile (1941) 
record fish which have not yet formed their first annulus as members of 
the "O" group.) From the time that new growth begins following 
completion of formation of the first annulus until completion of the 
second annulus or formation of a spawning mark and the beginning of 
new growth, the fish is in its second year and its age is recorded by the 
numeral "1," and so on. In other words, the numerals used to show the 
age of the fish also show the number of annuli and spawning marks. If 
the annulus is thought of as the birthday anniversary of  the fish, this 
system places the age on the same basis as that for human beings and 
becomes understandable to the layman as well as the biologist. 

The procedure outlined in the preceding paragraph is  adequate 
when the discussion is concerned only with total age. It is sometimes 
also desirable to record the details of the life histories of individuals 
or groups, and for this purpose the following system is proposed and 
used in the present paper. The sign "/" is used to separate life in fresh 
water (stream life) from that in salt water (sea life).  Thus,  a  fish 
which had spent two growing seasons in fresh water only would be 
represented by the formula 2/ and one that had migrated to sea in its 
first year and had spent its first two years at sea would be represented 
by the formula +/2. Continuing, the formula 2/1 represents a fish that 
had spent two years (growing seasons) of stream life and one year of 
sea life. In the case of steelhead, a capital "S" is used to indicate a 

 

7 In comparatively rare instances it happens that a fish makes no growth during a normal growing season or for other 
reasons fails to form an annulus. This may occur during the first normal growing season or in later seasons. In 
such cases the end of a year of life must be judged by the normal time of annulus formation or other criteria of 
the end of the growing season for the species in the particular locality. 
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spawning, normally represented on the scales by a spawning mark. The S 
is not added until a fish has completed spawning. Thus, if a fish had 
spent two  years of stream life and one  year of sea life  and had then 
entered fresh water and spawned it would be represented by the formula 
2/1 S. A period is used to separate years (growing seasons) followed by a 
spawning from years not followed by a spawning. Consequently, if the 
same fish had not entered fresh water and spawned until the end of a 
second year of sea life it would be represented by the formula 2/1.1S. If 
instead the fish had spawned at the end of both its first and second years 
of sea life it would be represented by the formula 2/2S. If the same fish 
began another year of sea life it would be represented by the formula 
2/2S.1 until it had again entered fresh water and spawned, when it would 
be represented by the formula 2/3S. By this system, the total age of the 
fish may easily be computed by adding the numerals in the formula. 

This system for recording life histories is easily understood and had 
the advantage over some other systems that have been used in that it is 
readily reproduced on a typewriter. It has been described in further detail 
by Shapovalov (1947); the system used for recording measurements is 
also described in this paper. 

 
TECHNIQUES AND METHODS OF MEASUREMENT 

 

Scales were removed from the side of the body in the region between 
the lateral line and the anterior portion of the dorsal fin and stored for 
mounting in scale books. Scale samples from juveniles, resident fish, and 
stream fish were taken from the right side of the body and those from 
adults from the left side of the body. This system was followed in order 
to avoid taking regenerated scales in sea-run fish that had been sampled 
as juveniles. 

All fish were measured according to fork length, which is here de- 
fined as the distance from the tip of the snout to the fork of the caudal 
fin, and hereafter references to "length" will mean such length. It was 
not practicable to take the standard length (distance from tip of snout to 
end of hypural fan) with live fish. The measurement used was also 
deemed more accurate than a total length based on distance from tip of 
snout to end of the caudal fin, for the reason that the tips of the caudal 
fin are often frayed or worn off, especially in spawning trout and salmon. 
In both sea-run steelhead and silver salmon the relation of the standard 
length to the fork length appears to be fairly constant, the standard length 
varying from 88.4 to 90.1 percent of the fork length in seven specimens 
from Waddell and Scott creeks. All measurements were made in a 
straight line between the points indicated with the fish placed on a rule 
and were recorded to the following unit of measurement. Fish 300 mm. 
or under in length were measured to the following millimeter and those 
over 300 mm. to the following centimeter. In practically all cases sea-run 
fish are more  than 300 mm.  in length and  juveniles, stream fish, and 
resident fish are less than 300 mm. in length. 
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Preparation and Examination of Scale Samples 

The scales were soaked in water and cleaned with a small brush, or 
merely by  rubbing between the fingers. They were mounted "dry" (in 
air), with the edges of the cover glass glued down with "Duco Household 
Cement," in some cases and in white "Karo Syrup" in others. Each form 
of mounting produces a permanent slide. Two or three scales were 
mounted in the case of sea-run fish and from that number to a dozen in 
the case of the smaller fish. Care was taken to avoid scales with 
regenerated centers or of highly asymmetrical or otherwise irregular 
form. 

All measurements were made along the anterior radius of the scale, 
using a microscope and a mechanical stage, with attached micrometer 
which recorded in hundredths of a millimeter. 

The following procedure generally was used to gage the validity of 
scale  interpretations.  The  investigator  recorded  his  measurements  and 
immediately denoted doubtful features. He then re-examined the doubtful 
scales only, without reference to his initial interpretation. If a doubtful 
but probable feature was interpreted the same way on each occasion, the 
interpretation  was  listed  as  "certain."  In  a  few  instances  the  other 
investigator checked the doubtful scales, again without reference to the 
initial interpretation. 

 
FISH FAUNA OF WADDELL CREEK 

 

In common with the other coastal streams from the Golden Gate to 
Monterey Bay, Waddell Creek contains no strictly fluvial fishes. As 
Snyder (1914) has pointed out, the San Lorenzo, Pajaro, and  Salinas 
rivers, farther to the south, possess a fluvial fish fauna whose affinities 
are with that of the Sacramento River system. 

The species regularly found in flowing (fresh) water in Waddell Creek, 
besides the steelhead and silver salmon, are the Prickly Sculpin (Cottus 
asper), the Aleutian Sculpin (C. aleuticus), the Three-spined Stickleback 
(Gasterosteus aculeatus), and the Tidewater Goby (Eucyclogobius 
newberryi). 

Other native species that are found only in the brackish water of the 
lagoon or only occasionally enter the fresh water of the stream are the 
following:  Starry  Flounder  (Platichthys  stellatus),  Staghorn  Sculpin 
(Leptocottus armatus), and Top Smelt (Atherinops affinis). 

The  only  introduced  species  in  Waddell  Creek  is  the  Striped  Bass 
(Roccus saxatilis), which in some years enters the lagoon from the ocean, 
but insofar as the writers have been able to ascertain, does not spawn in 
the Waddell Creek drainage. 

Lampreys, so common in many of the larger California coastal 
streams,  and  usually  called  "eels"  by  local  residents,  do  not  enter 
Waddell Creek nor Scott Creek. They are, however, found in the San 
Lorenzo River. 

A number of facts concerning the habits and ecology of the various 
non-salmonid species mentioned have been discovered in the course of 
the studies, but these will be discussed in the present paper only in part 
and only as they concern the steelhead and/or silver salmon. However, 
just   enough   facts   regarding   the   local   distribution   and   breed- 
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ing habitat of these species will be stated at this time to orient the reader 
for further discussion of their interrelationships with the trout and 
salmon. 

Cottus asper is the larger and by far the more abundant of the two 
species of sculpins present. Although at times occurring farther upstream, 
both  species  apparently  breed  within  3,300  feet  above  the  uppermost 
limit of tidewater. Both species make regular upstream and downstream 
migrations. The downstream migrations apparently are for spawning 
purposes. 

The Three-spined Stickleback is found in fresh water, brackish 
water, and in the salt water of the ocean and apparently breeds in all three 
habitats. At times there is a marked downstream migration of this species 
in Waddell Creek. 

The Tidewater Goby has been found only in the brackish portion of 
the upper part of the lagoon and in the lower half-mile of flowing water. 
No intrastream migrations have been observed. 

The Starry Flounder, Top Smelt,  and Staghorn Sculpin are nor- 
mally saltwater forms and only occasionally enter the lagoon. However, 
apparently the same individuals may remain in the lagoon for days and 
even weeks. In nearby Pescadero Creek, the Starry Flounder has been 
caught by angling with salmon eggs several hundred yards  above  the 
lower end of the flowing water of the stream. 

The Striped Bass enters the lagoon only occasionally, but at such 
times may remain for  over a month. In  former years this species was 
reported by local residents on occasion to have ascended about a mile 
into the flowing water of the stream, but since the start of the experi- 
ments, in 1933, no individuals of this species have been seen above the 
limits of tidewater. No evidence has been gathered to show that the 
species spawns in Waddell Creek. 

 

WADDELL CREEK VERTEBRATES OTHER THAN FISHES 
 

Amphibians 
The amphibians which regularly enter the stream are the following: 

California Newt (Triturus t. torosus), Pacific Giant Salamander (Di-camptodon 
ensatus), California Yellow-legged Frog (Rana boyli boyli), and California 
Red-legged Frog (Rana aurora draytoni). The Pacific Giant Salamander has 
been seen but infrequently in Waddell Creek. The other species are more or less 
common and make regular downstream migrations. 

 
Reptiles 

The reptiles which regularly enter the stream are the following: Pacific 
Pond Turtle (Clemmys m. marmorata) and one or two species of garter snake 
(Thamnophis). Some of the garter snakes make regular downstream migrations. 

 
Birds 

Several species of aquatic or semiaquatic birds are regularly asso- 
ciated with the stream, as follows: California Heron (Ardea herodias 
hyperonca), American Egret (Casmerodius albus egretta), Black- 
crowned Night Heron (Nycticorax nycticorax hoactli),  American Bit- 
tern  (Botaurus  lentiginosus),  Wood  Duck  (Aix  sponsa),  American 
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Coot (Fulica americana americana), Western Belted Kingfisher (Mega- 
ceryle alcyon caurina), and Dipper (Cinclus mexicanus unicolor). Sev- 
eral other birds, such as loons, grebes, ducks, various shore birds, gulls, 
and terns are occasional visitors to the lagoon or lower stream, but in all 
probability do not affect their economy to a marked extent. None of the 
species present are to be found in great abundance. Over the entire 
drainage of Waddell Creek, probably no species is represented by more 
than a dozen or at the most several dozen individuals. Both the Golden 
Eagle (Aquila chrysaëtos canadensis) and the Southern Bald Eagle 
(Halicaetus leucocephalus leucocephalus) are represented by a few 
individuals, and at least the latter species feeds on the carcasses of spent 
salmon, but they do not play an important role in the economy of the 
stream. The American Merganser, often called "fish duck,"  which  in 
other California streams appears to eat appreciable numbers of trout and 
salmon and trout and salmon eggs, and the American Osprey are absent 
from the area or are rare visitants. 

Mammals 
The only mammal that is known to have a direct relationship to the 

salmon and trout in Waddell Creek is the California Coon (Procyon lotor 
psora), which eats dead or weakened adult steelhead and salmon. No 
beaver or mink are present. 

 
WADDELL CREEK INVERTEBRATES 

The assemblage of native aquatic invertebrates in Waddell Creek is 
quite varied, with numerous genera represented, and is rather typical of 
the invertebrate life in other coastal streams. Nearly all of the aquatic 
invertebrates  have  some  relation  to  the  trout  and  salmon  and  most  of 
them are eaten by these fishes to a greater or less extent. The importance 
of the various groups as trout and salmon food will be discussed further 
in the paper. 

The largest mollusk present in the stream is the freshwater mussel 
Margaritifera margaritifera falcata. During the course of the experi- 
ments it has not been observed in abundance anywhere in the stream. 
Several other mollusks, consisting mainly of several species of small 
snails, are present. 

The introduced (?) crayfish Pacifastacus klamathensis apparently 
increased greatly in abundance during the last three years of the expe- 
riments (1940-42). It is the largest and most conspicuous crustacean. 
Several other crustaceans  are present. Corophium,  Gammarus,  Neomy- 
sis, and Exosphaeroma are abundant in the lagoon. 

The aquatic insects are strongly represented by the orders Trichop- 
tera,   Ephemerida,   Diptera,   Plecoptera,   and   Neuroptera.   The   order 
Coleoptera is represented chiefly by the Parnidae (riffle beetles). 

Several references to aquatic invertebrates in Waddell Creek and its 
lagoon have appeared in the literature, as follows: Needham (1934a, 
1934b, 1935, 1938, 1940), Shapovalov (1936), and Shepherd (1928). 

A list of the aquatic invertebrates recorded from Waddell Creek and 
its lagoon, which undoubtedly is not a complete list of the invertebrate 
fauna  of  the  stream,  is  given  below.  Terrestrial  forms  eaten  by  trout 
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or salmon have been included. Symbols used have the following meanings : 
1 = larvae; p = pupae; n = nymphs; a = adults; A = typically aquatic; T = 
typically terrestrial; T/ = semiaquatic, inhabiting shores of streams, etc. 
The symbol (X) under the column heading "Stream" means that the 
organism has been found under freshwater conditions, but in an area 
covered at times by brackish water. 
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PROTOZOA 
Class Ciliata 

Spirostomus 
Euplotes 
Pleuronema 
Colpidium 
Prorodon 
Oxytricha 

ROTIFERA 
ANNELIDA 

Class Chaetopoda 
Order Oligochaeta 

 
ARTHROPODA 

Class Crustacea 
Order Ostracoda 
Order Isopoda 
Exosphaeroma oregonensis (Dana) 

 

 
Order Copepoda 
Salmincola californiensis 
Dana 
Order Amphipoda Gammarus 
confervicolis (Stimpson) 
Corophium spinicorne Stimpson 
Order Mysicacea 
Neomysis mercedis Holmes 
Order Decapoda Crago sp. 
Pacifastacus klamathensis 

Class Diplopoda 
Class Insecta 

Order Corrodentia 
 

Fam. Psocidae a 
Order Ephemerida n 

Fam. Heptageniidae n 
Fam. Baetidae n 

Baetis sp. N 
Paraleptophlebia sp. N 

Order Odonata 

 
Order Neuroptera 

 
Fam. Myrmeleonidae 1 
Fam. Sialidae 

Sialis sp. 
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-------- 
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-------- 

 

 
"Pill bugs" 

-------- 
 

-------- 
Scud 
 

-------- 
-------- 

 
Shrimp 
Crayfish 
Millipeds 
 
Psocids, bark 
lice, etc. 

-------- 
Mayflies 

-------- 
-------- 
-------- 
-------- 

Dragonflies 
Damselflies 
Damsel fly a 
Dobson flies, 
ant lions, etc. 
Ant lions 
 

-------- 
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ARTHROPODA — Continued 
Class Insecta — Continued 

Order Plecoptera 
Fam. Perlidae n 

Alloperla sp. 
Order Trichoptera 1, p, a 

Fam. Rhyacophilidae 
Glossosoma sp. 1 
Agapetus sp. 1 

Fam. Hydroptilidae. 
Hydroptila sp. 1 

Fam. Philopotamidae 
Chimarrha sp. 

Fam. Odontoceridae 
Nerophilus californicus Hagen 1 
Psilotreta sp. 1 

Fam. Hydropsychidae 
Hydropsyche sp. 1 

Fam. Sericostomotidae 1, p 
Brachycentrus sp. 
Lepidostoma cinereum Banks 1 
Atomyia unicolor Banks (?) 
Notidobia nigricula McLachlan 
(?) 1 
Notidobia sp. 

Fam. Limnophilidae 1 
Limnophilus sp. 1 
Halesus sp. 
Genus I sp. 
Glyphopsyche sp. (?) 1 
Apatania sp. 

Order Homoptera. 
 

Fam. Cercopidae a 
Fam. Jassidae a 
Fam. Chermidae a 

Order Hemiptera 
Fam. Corixidae a 
Fam. Notonectidae a 
Fam. Reduviidae a 
Fam. Coredidae a. 
Fam. Saldidae a 
Fam. Gerridae 
Fam. Belostomatidae 

 
Lethocerus americanus (Leidy) 
Abedus hungerfordi DeCarlo 

Order Coleoptera. 
Fam. Pyrochoridae a 
Fam. Carabidae a 
Fam. Histeridae a 
Fam. Dytiscidae a 
Fam. Cryptophagidae a 
Fam. Staphylinidae a 
Fam. Scolytidae a 
Fam. Curculionidae a 
Fam. Parnidae 1, a 

Order Diptera, 
Fam. Cecidomyiidae 1 
Fam. Scatophagidae a 
Fam. Muscidae a 

 

 
Stoneflies 
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-------- 

Caddisflies 
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Leafhoppers 
aphis, etc. 
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-------- 

True bugs 
-------- 
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-------- 

Water striders 
Giant water 
bugs 
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ARTHROPODA — Continued 

Class Insecta — Continued 

Order Diptera — Continued 
Fam. Phoridae a 
Fam. Chironomidae 1, p 
Fam. Chironomidae 1, a 
Fam. Mycetophilidae a 
Fam. Syrphidae 1, a 
Fam. Simuliidae 1, p, a 
Fam. Simuliidae 1 

Simulium sp. 

 
Fam. Tipulidae 1 
Fam. Tabanidae 1 
Fam. Dixidae 

Dixa sp. 1 
Order Lepidoptera l 
Order Hymenoptera 

Fam. Chalcididae a 
Fam. Vespidae a 
Fam. Apidae a 
Fam. Bombidae a 

Class Arachnida 
Order Acarina 

Fam. Hydrachnidae 
MOLLUSCA 

Class Pelecypoda 
Order Eulamellibranchia Margaritifera 

margaritifera falcata (Gould) 
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LIFE HISTORIES OF THE SILVER SALMON AND STEELHEAD 
In the following pages for the sake of clarity the life histories of the silver 

salmon and of the steelhead will be treated separately. That of the silver 
salmon will be treated first because in nearly all of its aspects it  is  the 
simpler, for the following reasons: (1) all of the adults die after spawning 
once, (2) all of the juveniles migrate to sea and reach sexual maturity there, 
(3) all of the adults return to spawn either in their second or third year, (4) 
practically all of the juveniles migrate to sea in their second year. 

Before the separate life histories are considered, however, it is felt apropos 
to make some general remarks in connection with them. First, we must 
constantly keep in mind that variation, i.e., deviation from the norm, is one of 
the most marked characteristics  of  animal life. And  of  the vertebrates, the 
trouts are among the most variable of all. Further, of the trouts the steelhead is 
one of the most variable forms. Variation is also often encountered among the 
silver salmon, but to a lesser extent. Such variation applies not so much to the 
essential biology of the two species as to their habits, form, and behavior. This 
does not mean that on a mass basis we cannot predict what each species will do 
in   a   given   environment,   but   it   does   mean   that   a   departure   from  the 
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norm, often a wide departure, may be expected among individuals. As an 
example, in the coastal streams most of the juvenile steelhead migrate to 
sea in their second year, but some fish migrate in their first, third, fourth, 
or fifth years, or do not migrate at all. 

This  factor  of  variation  is  of  considerable  importance  in  planning  a 
management program for the species involved. 

Secondly, we must constantly keep in mind the factor of compensation. 
Thus, if environmental factors act to interfere with the normal course of the 
life history of an individual trout or salmon or a certain year class, that 
individual  or  year  class  attempts  to  overcome  the  obstacle  in  its  path 
toward the normal completion of its life cycle. For example, if a barrier is 
placed in a stream the fish will either try to ascend the barrier or drop 
down and spawn below it; if the best spawning beds are crowded a fish will 
either try to drive off the other fish or will select a less favorable site, 
which it would not use if the crowding did not exist; if a certain type of 
food is scarce or not available, the fish will switch to some other type of 
food. 

Under   natural   conditions,   then,   with  no  control   of   environmental 
conditions, it is extremely difficult to analyze the individual influence of 
the many factors affecting the life history of an individual or a year class. 
This does not mean that each of these factors is not exercising an influence, 
but that it is very difficult or impossible to analyze the quantitative amount 
of the influence of a particular factor. To illustrate, an unsuccessful attempt 
was made (Frances Felin, unpublished MS) to establish a correlation 
between water volume and temperature and the spawning migration  of 
silver salmon at Waddell Creek. Yet poachers and other interested local 
residents and biologists who have an intimate field acquaintance with the 
various species of anadromous salmonids usually know rather definitely at 
what times a particular species is going to enter and ascend a particular 
stream. Certainly, water volume and temperature (there is a general 
correlation between the two, since rainfall creates a water temperature of 
approximately 50 to 55 degrees F.) do exercise an influence on the 
spawning migration, but the extent of their influence is greatly altered by 
other complicating factors (variables), such as the time of year, the number 
of fish that have already entered and ascended the stream, the length of 
time that it has been raining and consequently the length of time that the 
stream has been high, the condition of the tides, etc. The existence of 
homing, which has been briefly mentioned on page 19 and will be 
discussed in greater detail further in this paper, limits the potential total 
number of fish that may enter the stream. Obviously, if most of  this 
number have already entered the stream, comparatively few more will enter 
even with optimal physical conditions of water height, temperatures, tides, 
etc. This approach seems so obvious that it would not be necessary to 
mention it, except for the fact that biologists so often have tended to 
disregard it, by ignoring influencing factors if they could not be graphed to 
show correlation, or conversely, by considering their graphs in error if 
exceptions occurred. Actually, graphs suitable for a given set of conditions 
could be made, but the trouble often has been that no graph showing a 
correlation could be prepared when all of the variables that enter into the 
problem exerted their influences. 
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LIFE HISTORY OF THE SILVER SALMON 
 

Spawning Migration 
There may be some question as to what is the proper point in the life 

cycle of the silver salmon to begin a discussion of its life history, but the 
writers believe that the clearest presentation can be obtained by starting 
with the adults that are about to enter the stream for spawning purposes. 

 

Time and Size of the Spawning Migration 

Over the range of the species, spawning runs of silver salmon enter 
streams, move upstream, and spawn within the period September through 
March. The major spawning takes place during the period November through 
January. In most streams entry, upstream migration, and spawning take place 
within the confines of a more limited season characteristic of the particular 
stream or area. Spring-run silver salmon are not known. 

As has been noted earlier in this paper, Waddell Creek and most other 
California streams are closed by sand bars at their mouths during a portion of 
the annual dry season. Obviously, under such conditions no fish can enter the 
stream until the bar breaks open. The permanent breaking of the bar occurs 
with the first heavy rains of the wet season, or after a series of light rains 
sufficient to increase the discharge of the stream to an appreciable extent. On 
occasion the bar will open with early rains or high tides and winds and will 
then again close the stream for a period of days or weeks, before it finally 
breaks out to remain open until the following spring or summer. 

 

 
 

 
FIGURE 6.    Waddell lagoon at low water, showing tenuous connection with the ocean. 

Photograph by Leo Shapovalov, December 11, 1939. 
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At Waddell Creek (and Scott Creek) some silver salmon have entered 
the stream whenever the first opening of the bar has been of sufficient 
extent to enable them to do so. The dates of openings of the bar and those 
on which the first silver salmon have been taken in the trap are shown in 
Table 4. This implies that the fish are "waiting" at or very near the mouth 
of the stream for the bar to open, or make a rapid journey to the mouth of 
the stream with the approaching storm. 

 

 
TABLE 4 

 
Waddell Creek, Silver Salmon: Time of Initial Capture in Trap, in Relation to Opening of the Bar 

 

 
Year First opening 

of bar 
First silver salmon taken 

in trap 
Permanent opening of 

bar 

1933 
 

October 31 December 8 December 28 
1934 

 

November 19 November 21 December 13 
1935 

 

October 11 December 29 December 29 
1936 

 

November 19 December 25 December 26 
1937 

 

October 26 December 12 December 8 
1938 

 

October 27 December 2 October 27 
1939 

 

November 24 December 11 December 7 
1940 

 

September 13 December 17 December 16 
1941 

 

 
October 9 November 30 December 9 

However, all or even the majority of the seasonal "run" has never 
entered the stream at one time, i.e., during one storm or within a period of 
a week. On the contrary, each succeeding storm results in the entry of a 
fresh run of fish, until the whole season's run has entered the stream. 

The entry of the fish into the stream is not dependent on their sexual 
maturity, for examinations made at the mouth have revealed that some of 
the  fish  are  sexually  immature,  or  "green,"  while  others  are  completely 
sexually mature, or "ripe." It may be further pointed out that at various egg 
collecting stations in California, both green and ripe silver salmon have 
been taken in the traps. 

In streams the mouths of which remain permanently open, the same 
pattern of migration occurs, i.e., fresh runs keep entering and ascending the 
stream, with the difference that the initial entry is not regulated by the 
opening of a bar. 

The question might be raised whether any salmon would enter Waddell 
Creek if unseasonal heavy rains occurred in September or October. Since 
such  rains  did  not  occur  during  the  course  of  the  experiments,  a  direct 
answer was not obtained. However, an indirect or partial answer may be 
obtained from an examination  of what occurs in streams the mouths  of 
which are open permanently. We find that in such streams silver salmon do 
not enter throughout the year, but within the general confines of a season 
characteristic of that particular stream. For example, in the lower portion of 
the Eel River of Northern California the first silver salmon of the season are 
regularly caught each year in September, and this is probably close to the 
date of their initial entry into the stream. (The actual spawning of silver 
salmon in the Eel River takes place later, mainly in December and January.) 
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In Northern California the rainy season begins earlier  than at  Waddell 
Creek and the runs of silver salmon also occur earlier. For example, at 
Redwood Creek the first fish usually enter the stream in September and 
complete their spawning by the time the first fish are entering Waddell Creek 
(November-December). 

Over their range, silver salmon spawn mostly within the period No- 
vember-January.  In  southeastern  Alaska  (Prince  of  Wales  Island)  silver 
salmon  have  been  reported  (Chamberlain,  1907)  sometimes  to  spawn  in 
small numbers throughout the winter, even as late as March. The latest that 
an unspawned adult was taken in the upstream trap at Waddell Creek is 
March 21st. 

Most of the earlier studies on silver salmon and other anadromous 
salmonids on the Pacific Coast have been made in large streams. Perhaps as 
a result of this there has existed the impression among some workers that the 
different runs of fish in a stream constitute different "races." The writers do 
not wish to dispute the existence of different biological or morphological 
races within large stream systems, and in fact are inclined to believe that 
such races do exist, but they do wish to point out that the existence of races 
probably does  not explain  entirely the different  runs  of the  same  species 
during a season. There is no evidence to support the belief, and it is hardly to 
be expected, that different races would exist in a stream as small as Waddell 
Creek. 

Just what is the explanation of the different runs—why the fish do not all 
enter the stream at one time—is not known, but the reason is probably 
determined by the habits and migrations of the fish in the ocean. The ocean 
life history of the silver salmon is still much of a mystery. We do know that 
the fish make very rapid growth in the ocean, that they are powerful and 
rapid swimmers, and that they make long journeys. 

During the nine seasons of operation of the upstream trap, 1933-34 
through 1941-42, 2,218 adult silver salmon were taken. The numbers of fish 
taken during each season, arranged by sexes and weekly periods, are shown 
in Table 5 and Figure 7. 
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TABLE 5 

 
Waddell Creek, Silver Salmon: Adults Checked Through Upstream Trap, by Seasons and Weekly Periods 

 

 
Week ending 

 
1933-34  

 
1934-35  

 
1935-36  

 

1936-37  
 

1937-38  

  
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

Nov. 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Nov. 25 -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- 

Dec. 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dec. 9 2 1 3 -- -- -- -- -- -- -- -- -- -- -- -- 

Dec. 16 114 24 138 15 5 20 -- -- -- -- -- -- 23 2 25 

Dec. 23 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dec. 30 67 43 110 12 5 17 13 2 15 15 13 28 -- -- -- 

Jan. 6 62 69 131 184 123 307 8 3 11 20 13 33 -- -- -- 

Jan. 13 -- -- -- 49 84 133 50 25 75 11 7 18 -- -- -- 

Jan. 20 -- 1 1 5 17 22 10 6 16 15 19 34 29 18 47 

Jan. 27 1 -- 1 6 3 9 -- -- -- -- -- -- 2 1 3 

Feb. 3 -- -- -- 7 9 16 4 2 6 36 38 74 6 1 7 

Feb. 10 17 35 52 3 12 15 -- -- -- 10 17 27 1 -- 1 

Feb. 17 5 4 9 -- 2 2 4 1 5 -- -- -- 1 -- 1 

Feb. 24 1 -- 1 2 4 6 -- -- -- -- -- -- -- -- -- 

Mar. 3 1 -- 1 12 22 34 -- -- -- -- -- -- -- -- -- 

Mar. 10 -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- 

Mar. 17 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mar. 24 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mar. 31 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Totals 270 177 447 296 287 583 89 39 128 107 107 214 62 22 84 
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TABLE 5 -- Continued 

Waddell Creek, Silver Salmon: Adults Checked Through Upstream Trap, by Seasons and Weekly Periods 
 

 

Week ending 
 

1938-39 
 

1939-40 
 

1940-41 
 

1941-42 Total Average 

  

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 

Nov. 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Nov. 25 -- -- -- -- -- -- -- -- -- -- -- -- 1 _- 1 + -- + 

Dec. 2 2 -- 2 -- -- -- -- -- -- 1 -- 1 3 -- 3 + -- + 

Dec. 9 8 -- 8 -- -- -- -- -- -- 10 3 13 20 4 24 2 + 3 

Dec. 16 -- -- -- 3 -- 3 -- -- -- 2 -- 2 157 31 188 17 3 21 

Dec. 23 -- -- -- -- -- -- 57 11 68 21 19 40 78 30 108 9 3 12 

Dec. 30 -- -- -- -- -- -- 49 32 81 12 5 17 168 100 268 19 11 30 

Jan. 6 6 11 17 101 101 202 10 9 19 3 5 8 394 334 728 44 37 81 

Jan. 13 2 2 4 22 15 37 23 22 45 6 19 25 163 174 337 18 19 37 

Jan. 20 -- -- -- -- 1 1 14 20 34 -- -- -- 73 82 155 8 9 17 

Jan. 27 -- -- -- 1 1 2 2 4 6 8 15 23 20 24 44 2 3 5 

Feb. 3 18 18 36 11 7 18 2 3 5 4 8 12 88 86 174 10 10 19 

Feb. 10 8 9 17 -- -- -- -- 2 2 2 2 4 41 77 118 5 9 13 

Feb. 17 -- -- -- -- -- -- 1 1 2 -- -- -- 11 8 19 1 1 2 

Feb. 24 -- -- -- 1 1 2 -- -- -- -- -- -- 4 5 9 + 1 1 

Mar. 3 -- -- -- -- -- -- -- -- -- -- -- -- 13 22 35 1 2 4 

Mar. 10 -- -- -- 1 -- 1 -- 1 1 -- -- -- 1 2 3 + + + 

Mar. 17 2 -- 2 -- -- -- -- -- -- -- 1 1 2 1 3 + + + 

Mar. 24 -- -- -- -- -- -- -- -- -- 1 -- 1 1 -- 1 + -- + 

Mar. 31 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Totals 46 40 86 140 126 266 158 105 263 70 77 147 1,238 980 2,218 138 109 247 
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FIGURE  7.    Adult silver salmon checked through the upstream trap at Waddell Creek, 
by weekly periods.- 
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From the above table and graph, it will be seen that the earliest fish was 
taken during the week ending November 25, and the latest, during the week 
ending March 24. Despite this long spread, it will be noted that 33 percent 
of all fish were taken during the weekly period December 31-January 6, 81 
percent were taken during the six weeks December 10-January 20, and 96 
percent during the nine weeks December 10-February 10. It is thus evident 
that the run is quite concentrated from point of view of time. 

At Benbow Dam on the South Fork of  the  Eel  River  and  Sweasey 
Dam  on  the  Mad  River  the  runs  are  equally  concentrated,  although 
slightly earlier than at Waddell Creek (Figure 8). At Benbow Dam 83 

 

 
 

FIGURE  8.     Seasonal distribution of the silver salmon spawning- runs in Waddell Creek, South Fork 
of the Eel River, and Mad River. 

 

percent of all silver salmon during six seasons passed upstream in the six weeks 
November 26-January 6, and at Sweasey Dam 81 percent during nine seasons 
passed upstream in the six weeks November 12-December 23 (Tables 6 and 7). 

In other streams as well, the bulk of the upstream migration and the 
spawning   appear   to   cover   a   fairly   short   period.   Foerster   (1944) 
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TABLE 6 
 

South Fork of the Eel River (at Benbow Dam), Silver Salmon: Adults Counted Upstream Through Fishway, 
by Two-week Periods 

 

 
 

Period 
 

19
38

-3
9 

 
19

39
-4

0 

 
19

40
-4

1 

 
19

41
-4

2 

 
19

42
-4

3 

 
19

43
-4

4 

 
To

ta
l 

 P
er

ce
nt

ag
e 

of
 

to
ta

l r
un

 

Oct. 1-14 ---- ---- ---- ---- ---- ---- ---- ---- 
Oct. 15-28 ---- ---- ---- ---- 1 ---- 1 ---- 
Oct. 29-Nov. 11 ---- ---- 386 29 3 ---- 418 0.6 
Nov. 12-25 ---- ---- 26 185 1.766 630 2.607 3.8 
Nov. 26- Dec. 9 2,919 ---- 101 8,152 4,808 818 16,79 24.4 
Dec. 10-23. 518 7,291 3.370 2,741 1,943 5,742 21,605 31.4 
Dec. 24-Jan 6 1,983 744 7.007 1,926 4,199 3,029 18.888 27.4 
Jan. 7-20 1,279 391 183 564 --- 1,958 4.375 6.4 
Jan. 21 -Feb. 3 460 203 ---- 86 2,269 789 3,807 5.5 
Feb. 4-17. 206 ---- ---- ---- 48 64 318 0.5 
Feb. 18-Mar. 3 ---- ---- ---- 11 ---- ---- 11 ---- 
Mar. 4-17. 5 ---- ---- ---- ---- ---- 5 ---- 
Mar. 18-Sept. 30 ---- ---- ---- ---- ---- ---- ---- ---- 

Totals 7,370 8,629 11,073 13,604 15,037 13,030 68,833 ---- 

 

reports that the spawning run of 1942 in the Cowichan River, British Columbia, 
"reached the spawning grounds in 20-30 days (one to two months in 1941) and 
were spawned-out in 30 to 60 days." 

There has been considerable fluctuation in the size of the seasonal runs at 
Waddell Creek. The largest number taken in the trap was 583, during the season 
of 1934-35, and the smallest number 84, during the season of 1937-38. Possible 
reasons for these fluctuations will be discussed in t h e sections on survival and 
pathology (pages 95-104). 

 

Age and Size of the Fish 
Waddell Creek scale examinations and marked fish returns indicate that all 

adults return either as males in the season following downstream migration (age 
1/1, one growing season in ocean) or as males and females in the second season 
following downstream migration (age 1/2, two growing seasons in ocean). 

Table  8  shows  the  numbers  of  silver  salmon  taken  in  each  season  in  the 
upstream trap at Waddell Creek, arranged by age-sex categories and size. 

Scale examinations and returns of marked fish at Scott Creek during several 
seasons are in entire agreement with the above findings. 

Other workers have reported that the great majority of silver salmon 
adults  fall  into  the  above  age  categories,  but  have  noted  some  excep- 
tions. For example, Marr (1943) recorded that of 885  silver  salmon 
taken in the commercial gill net fishery of the lower Columbia River in 
1914,  1/2  fish  comprised  83.9  percent  of  the  total  sample  and  1/1  fish 
6.1  percent.8      Thus,  the  two  categories  represented  at  Waddell  Creek 

 

8 Marr concludes that "the samples are representative of that part of the commercial catch from which they were drawn, hut are 
not truly representative of the total run, inasmuch as there will be a tendency for the smaller and larger sizes to be inadequately 
represented, because of the selective action of the gill nets by which the fish were taken." 
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TABLE 7 

Mad River (at Sweasey Dam), Silver Salmon: Adults Counted Upstream Through Fishway, by Two-week Periods 
 

 
Period 

 
1941-42 

 
1942-43 

 
1946-47 

 
1947-48 

 
1948-49 

 
1949-50 

 
1950-51 

 
1951-52 

 
1952-53 

 
Total 

 
Percentage of 

total run 

Oct. 1-28 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Oct. 29- Nov. 11 ---- ---- ---- 4 21 ---- 21 ---- ---- 46 1.4 

Nov. 12-25 4 48 18 32 94 8 83 84 6 377 11.5 

Nov. 26-Dec. 9 189 62 195 72 176 274 17 110 9 1,104 33.6 

Dec. 10-23 24 197 64 375 137 131 23 188 51 1,190 36.2 

Dec. 24-Jan. 6 56 7 28 42 44 51 5 22 2 257 7.8 

Jan. 7-20 28 54 2 5 12 48 ---- 6  155 4.7 

Jan. 21-Feb. 3 7 10 108 ---- 7 ---- ---- ---- 2 134 4.1 

Feb. 4-17 ---- ---- ---- ---- 24 ---- ---- ---- 2 26 0.8 

Feb. 18-Sept. 30 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

 

Totals 
 

308 
 

378 
 

415 
 

530 
 

515 
 

512 
 

149 
 

410 
 

72 
 

3,289 
 

---- 
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TABLE 8 

Waddell Creek, Silver Salmon: Adults Checked Through Upstream Trap; Length-frequency Distributions, by Seasons 
 

 
Length in cm 

1933-34 1934-35 1935-36 1936-37 1937-38 

1/1 1/2 1/1 1/2 1/1 1/2 1/1 1/2 1/1 1/2 

♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ 
30 -- -- -- -- -- -- (3)* -- -- -- -- -- -- -- -- 
31 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
32 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 
33 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
34 1 -- -- -- -- -- 2 -- -- -- -- -- 1 -- -- 
35 6 -- -- -- -- -- 1 -- -- -- -- -- 1 -- -- 
36 10 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 
37 4 -- -- 1 -- -- -- -- -- -- -- -- 2 -- -- 
38 8 -- -- -- 1 -- 6 -- -- -- -- -- 2 -- -- 
39 12 -- -- 3 -- -- 8 -- -- -- -- -- 3 -- -- 
40 14 -- -- 3 -- -- 7 -- -- -- -- -- 3 -- -- 
41 13 -- -- 3 1 -- 2 -- -- -- -- -- 3 -- -- 
42 14 -- -- 3 -- -- 2 -- -- -- -- -- -- -- -- 
43 13 -- -- 4 -- -- 8 -- -- 3 -- -- 2 -- -- 
44 6 -- -- 1 -- -- 7 -- -- -- -- -- 1 -- -- 
45 5 -- -- 1 2 -- 4 -- -- -- -- -- -- -- -- 
46 4 -- -- 2 1 -- 2 -- -- -- -- -- 1 -- -- 
47 2 -- -- -- -- 1 2 -- -- -- -- -- 1 -- -- 
48 2 1 -- -- 2 -- -- -- -- -- -- -- -- -- -- 
49 -- -- -- -- 1 1 -- -- -- -- -- 1 -- -- -- 
50 -- -- -- -- 2 2 -- -- -- -- -- -- -- -- -- 
51 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 
52 -- -- 1 -- 1 1 -- -- -- -- -- -- -- -- -- 
53 -- 3 1 -- 3 2 -- 3 -- -- -- -- -- -- -- 
54 -- 2 1 -- 1 2 -- -- 1 -- -- -- -- -- -- 
55 -- -- 1 -- 2 6 -- 1 1 -- -- -- -- -- -- 
56 -- 2 -- -- 7 5 -- -- -- -- 2 1 -- -- 1 
57 -- 2 -- -- 3 6 -- -- -- -- 2 1 -- 1 -- 
58 -- 6 4 -- 7 3 -- -- -- -- 2 4 -- -- -- 
59 -- 2 6 -- 9 9 -- -- 2 -- 3 0 -- 1 -- 
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60 -- 6 8 -- 7 14 -- 1 2 -- 2 7 -- 1 -- 
61 -- 3 11 -- 9 17 -- 2 3 -- 4 9 -- 4 -- 
62 -- 9 10 -- 13 24 -- 1 2 -- 5 4 -- -- -- 
63 -- 8 11 -- 26 36 -- 1 2 -- 7 7 -- 2 1 
64 -- 13 12 -- 26 17 -- 2 4 -- 10 8 -- 4 -- 
65 -- 7 7 -- 21 36 -- 2 -- -- 10 13 -- 3 2 
66 -- 12 20 -- 27 29 -- 3 3 -- 5 10 -- 6 2 
67 -- 10 21 -- 20 26 -- 2 4 -- 8 4 -- 2 5 
68 -- 10 12 -- 19 25 -- 3 3 -- 12 11 -- 4 3 
69 -- 8 17 -- 13 13 -- 1 4 -- 8 6 -- 1 2 
70 -- 10 11 -- 12 7 -- 2 3 -- 4 7 -- 4 2 
71 -- 9 12 -- 14 2 -- 3 2 -- 6 3 -- 3 -- 
72 -- 9 5 -- 7 3 -- 1 1 -- 3 2 -- 2 1 
73 -- 8 4 -- 9 -- -- -- -- -- 8 3 -- 3 2 
74 -- 9 2 -- 3 -- -- 3 -- -- 1 -- -- -- 1 
75 -- 2 -- -- 2 -- -- -- 1 -- -- 1 -- 1 -- 
76 -- -- -- -- 2 -- -- -- 1 -- -- -- -- -- -- 
77 -- 1 -- -- -- -- -- -- -- -- 1 -- -- -- -- 
78 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 
79 -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- 
80 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 

cm 

Mean length 
inches 

39.8 65.7 65.2 41.2 64.0 63.2 41.0 65.8 63.9 42.5 65.8 64.3 39.6 66.1 67.2 

15.7 25.9 25.7 16.2 25.2 24.9 16.1 25.9 25.2 16.7 25.9 25.3 15.6 26.0 26.5 

Number 118 152 177 21 275 287 56 33 39 3 104 107 20 42 22 

Percentage in each age group 26.4 34.0 39.6 3.6 47.2 49.2 43.7 25.8 30.5 1.4 48.6 50.0 23.8 50.0 26.2 



 

 
 

TABLE 8 -- Cntinued 
Waddell Creek, Silver Salmon: Adults Checked Through Upstream Trap; Length-frequency Distributions, by Seasons 

 

 
Length in cm 

1938-39 1939-40 1940-41 1941-42 Total 

1/1 1/2 1/1 1/2 1/1 1/2 1/1 1/2 1/1 1/2 

♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ ♂ ♂ ♀ 
30 -- -- -- -- -- -- -- -- -- -- -- -- (3)* -- -- 
31 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
32 -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- 
33 -- -- -- -- -- -- -- -- -- -- -- -- 3 -- -- 
34 1 -- -- -- -- -- -- -- -- -- -- -- 5 -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- 8 -- -- 
36 2 -- -- -- -- -- 2 -- -- -- -- -- 15 -- -- 
37 1 -- -- 1 -- -- 2 -- -- -- -- -- 11 -- -- 
38 1 -- -- 4 -- -- 5 -- -- 2 -- -- 28 1 -- 
39 2 -- -- 5 -- -- 2 -- -- -- -- -- 35 -- -- 
40 2 -- -- 5 -- -- 10 -- -- -- -- -- 44 -- -- 
41 3 -- -- 5 -- -- 2 -- -- -- -- -- 31 1 -- 
42 2 -- -- 7 -- -- 8 -- -- 1 -- -- 37 -- -- 
43 1 -- -- 12 -- -- 3 -- -- 1 -- -- 47 -- -- 
44 1 -- -- 3 -- -- 6 -- -- -- 1 -- 25 1 -- 
45 -- -- -- 1 -- -- 6 -- 1 -- -- -- 17 2 1 
46 -- -- -- 2 -- -- 9 -- -- -- 1 -- 20 2 -- 
47 1 -- -- 3 -- -- 3 -- 1 -- -- 1 12 -- 3 
48 -- -- -- 3 -- -- 4 -- -- -- 1 -- 9 4 -- 
49 -- -- -- 1 -- -- 3 -- -- -- 2 -- 4 3 2 
50 -- -- -- -- -- -- -- -- -- -- -- 1 -- 2 3 
51 -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 1 
52 -- -- 1 -- 1 -- -- -- 1 -- 3 2 -- 5 6 
53 -- -- -- -- -- 2 -- -- -- -- 2 4 -- 11 9 
54 -- 1 -- -- -- -- -- -- 2 -- 2 2 -- 6 8 
55 -- 2 -- -- -- -- -- 1 2 -- 1 3 -- 7 13 
56 -- -- -- -- -- 2 -- -- 2 -- 4 3 -- 15 14 
57 -- -- 2 -- 2 -- -- 1 2 -- 5 1 -- 16 12 

58 -- -- -- -- -- 2 -- 3 3 -- 1 9 -- 19 25 



 

 
 
 
 

59 -- -- -- -- 2 5 -- 3 6 -- 4 10 -- 24 43 
60 -- 3 2 -- 1 -- -- 5 3 -- 1 14 -- 27 50 
61 -- 2 4 -- 2 2 -- 4 5 -- 8 5 -- 38 56 
62 -- 1 3 -- -- 6 -- 9 7 -- 7 8 -- 45 64 
63 -- 3 5 -- 3 9 -- 10 13 -- 6 2 -- 66 86 
64 -- 1 7 -- 2 10 -- 8 10 -- 2 3 -- 68 71 
65 -- 6 2 -- 7 8 -- 6 14 -- 8 5 -- 70 87 
66 -- 3 2 -- 5 10 -- 7 10 -- 4 2 -- 72 88 
67 -- 1 4 -- 8 17 -- 8 9 -- 1 -- -- 60 90 
68 -- 4 3 -- 9 15 -- 13 5 -- -- 1 -- 74 68 
69 -- 1 1 -- 8 7 -- 6 4 -- 1 1 -- 47 55 
70 -- 1 3 -- 11 10 -- 1 3 -- 1 -- -- 46 46 
71 -- -- 1 -- 5 13 -- 3 1 -- -- -- -- 43 34 
72 -- -- -- -- 8 2 -- 2 -- -- -- -- -- 32 14 
73 -- -- -- -- 6 3 -- 2 -- -- -- -- -- 36 12 
74 -- -- -- -- 3 2 -- -- -- -- -- -- -- 19 5 
75 -- -- -- -- 3 -- -- -- -- -- -- -- -- 8 2 
76 -- -- -- -- 1 1 -- -- -- -- -- -- -- 3 2 
77 -- -- -- -- 1 -- -- -- -- -- -- -- -- 3 -- 
78 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 
79 -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 
80 -- -- -- -- -- -- -- (1)† -- -- -- -- (1)† 1 -- 

 
Mean length 

cm 39.5 63.2 63.6 41.9 67.8 65.9 42.4 64.3 62.5 40.3 59.2 58.9 40.9 64.7 63.8 

inches 15.6 24.9 25.0 16.5 26.7 26.0 16.7 25.3 24.6 15.9 23.3 23.2 16.1 25.5 25.1 

Number 17 29 40 52 88 126 65 93 105 4 66 77 356 882 980 

Percentage in each age group 19.8 33.7 46.5 19.5 33.1 47.4 24.7 35.4 39.9 2.7 44.9 52.4 16.1 39.8 44.2 

*Length for these three fish not recorded 
† Length for this fish not recorded 
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form 90 percent of Marr's samples. The other categories recorded by Marr 
are composed of 2/2 fish (9.7 percent) and 2/1 fish (0.3 percent). Pritchard 
(1936a, 1940), in addition to the above age categories, has reported +/2, +/3, 
+/4, and 1/3 silver salmon from British Columbia. Other writers have 
reported occasional specimens of other age categories. To what extent the 
categories not represented at Waddell Creek but reported by other writers are 
due to actual differences rather than misinterpretations of scale reading or 
misidentifications of species, is not known. The fact that Marr (loc. cit.) 
found his 2/2 fish to be of slightly smaller average size than his 1/2 fish 
leads one to assume some skepticism, although it is possible, as Marr points 
out, that the older fish have a slower rate of growth than the  latter.  In 
fairness to the other investigators, it should be said that they did not have the 
benefit of marked fish for purposes of comparison in their scale 
examinations. The disagreements  noted above  probably are  not important 
insofar as the fishery is concerned, since the 1/2 age class undoubtedly is 
everywhere the dominant one in the fishery. 

From Table 8 it is seen that there is a slight, but consistent, tendency for 
males to attain a larger size than females, and also that in  general  the 
average size attained by fish of one sex in a given season is proportionate to 
the average size attained by the other sex. Marr (loc. cit.) also found that 
males tend to be slightly larger than females. 

Measurements of Scott Creek silver salmon are quite limited. Those 
available do not indicate that the fish from that stream differ in average size 
from the Waddell Creek fish. The mean length of 41 Scott Creek females 
taken during the 1935-36 season was 65.6 cm.; the mean length of Waddell 
Creek females in the same season was 63.9 cm. The mean length of 297 
Scott Creek females taken during the 1937-38 season was  67.0  cm.;  the 
mean length of Waddell Creek females in the same season was 67.2 cm. 

From Table 8 it is seen that there is but little overlap between the 1/1 and 
1/2 age groups. A demarcation line of 49 cm. (19.3 inches) separates 99.1 
percent of all fish correctly. None of the 1/1 fish falls below it and only 1.1 
percent of the 1/2 fish fall above it. Such a demarcation line may prove of 
general application. Applied to Marr's Columbia River data, it would 
separate the one-year-ocean fish from the two-year-ocean fish with an 
accuracy of 99.9 percent. 

Marr (1943) presents a comparative table of lengths of  his  Columbia 
River silver salmon and fish from other localities, and notes that "the 
reduction in mean length of each age group, from south to north, is very 
evident." The Waddell and Scott Creek data indicate that such a statement 
may not be applied to the silver salmon over the entire range of the species. 
There is also some evidence at hand (unpublished) to indicate that the silver 
salmon, king salmon, and steelhead of the Klamath River in Northern 
California are smaller than fish of the same species both to the north and 
south, and that size of fish is not correlated with size of stream. 

There is no correlation between the mean length attained by the grilse 
(age 1/1) of a given brood season and the two-year-ocean (1/2) fish of 
the same brood season (Appendix, Table A-l). There is  also  no 
correlation  between  the  average  size  of  the  downstream  migrants  of  a 
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TABLE 9 

Waddell Creek, Silver Salmon: Spawning Runs, by Seasons and Sex-age Categories 
 

 
 

Season 

 
Checked through 

upstream trap 

 
Jumped over dam 

 
Run below dam 

Total run 

Number Percentage 

 
1/1♂ 

 
1/2♂ 

 
1/2♀ 

 
Total 

 
1/1♂ 

 
1/2♂ 

 
1/2♀ 

 
Total 

 
1/1♂ 

 
1/2♂ 

 
1/2♀ 

 
Total 

 
1/1♂ 

 
1/2♂ 

 
1/2♀ 

 
Total 

 
1/1♂ 

 
1/2♂ 

 
1/2♀ 

1933-34 
 

1934-35 
 

1935-36 
 

1936-37 
 

1937-38 
 

1938-39 
 

1939-40 
 

1940-41 
 

1941-42 

118 
 

21 
 

56 
 

3 
 

20 
 

17 
 

52 
 

65 
 

4 

152 
 

275 
 

33 
 

104 
 

42 
 

29 
 

88 
 

93 
 

66 

177 
 

287 
 

39 
 

107 
 

22 
 

40 
 

126 
 

105 
 

77 

447 
 

583 
 

128 
 

214 
 

84 
 

86 
 

266 
 

263 
 

147 

7 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 

18 
 

7 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

10 

25 
 

2 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

2 

50 
 

9 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

12 

12 
 

1 
 

29 
 

1 
 

14 
 

7 
 

10 
 

6 
 

3 

17 
 

20 
 

17 
 

49 
 

28 
 

11 
 

17 
 

9 
 

48 

20 
 

20 
 

20 
 

50 
 

15 
 

16 
 

24 
 

10 
 

50 

49 
 

41 
 

66 
 

100 
 

57 
 

34 
 

51 
 

25 
 

101 

137 
 

22 
 

85 
 

4 
 

34 
 

24 
 

62 
 

71 
 

7 

187 
 

302 
 

50 
 

153 
 

70 
 

40 
 

105 
 

102 
 

124 

222 
 

309 
 

59 
 

157 
 

37 
 

56 
 

150 
 

115 
 

129 

546 
 

633 
 

194 
 

314 
 

141 
 

120 
 

317 
 

288 
 

260 

25.1 
 

3.5 
 

43.8 
 

1.3 
 

24.1 
 

20.0 
 

19.6 
 

24.7 
 

2.7 

34.2 
 

47.7 
 

25.8 
 

48.7 
 

49.7 
 

33.3 
 

33.1 
 

35.4 
 

47.7 

40.7 
 

48.8 
 

30.4 
 

50.0 
 

26.2 
 

46.7 
 

47.3 
 

39.9 
 

49.6 
 
Totals 

 
356 

 
882 

 
980 

 
2,218 

 
7 

 
35 

 
29 

 
71 

 
83 

 
216 

 
225 

 
524 

 
446 

 
1,133 

 
1,234 

 
2,813 

 
18.3* 

 
39.5* 

 
42.2* 

* Mean of seasonal percentages. 
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given brood season and the adults of the same brood season (Appendix, 
Tables A-l, A-14). The brood  with downstream migrants of the largest 
average size produced both 1/1 and 1/2 fish of below average size. The 
brood that produced 1/2 fish of the smallest average size resulted from 
downstream migrants of slightly above average size. Thus, it  may  be 
stated that the growth made during the last growing season outbalances 
previous growth in determining average size. 

Tables 5 and 8 and Figure 7 presented the fish which were checked 
through the upstream trap. In addition, in all seasons a number of fish 
spawned below the dam and in three seasons a comparatively small number 
of fish succeeded in jumping over the dam at extreme flood stage. Estimates 
of the numbers of such fish were made and are included in Table 9, which 
shows the estimated total runs into Waddell Creek.9

 

The adults returning in any given season, falling into two age groups, are 
the product of two successive brood seasons (and two successive 
downstream migrations). In Table 10 the fish listed in Table 9 are 
rearranged according to the brood season in which they originated. 

 
Sex Ratio 

 

From Tables 9 and 10 it is seen that whether the fish taken in the 
upstream trap are arranged according to the spawning run or according to 
adults returning from a brood season, there is characteristically an excess 
of females over males in the 1/2 group, but an excess of all males (1/1 
and 1/2 combined) over all females (1/2), although  there  is  less 
fluctuation in the proportions of the three groups when the fish are 
arranged according to brood season. These data are in agreement with 
expected returns, assuming a 1:1 sex ratio among migrants entering the 
ocean and an equal mortality rate among males and females in the ocean, 
since some of the males return to spawn after only one growing season at 
sea, while all of the females spend two seasons at sea.10

 

 
 

9 
Fish which had been checked through the upstream trap could be distinguished from unchecked fish, since in the former 

the adipose (one season) or anterior corner of the dorsal (remaining seasons) were clipped when the fish were 
checked. Estimates of the numbers of males and females, respectively, which jumped over the dam in each season 
were based on the proportions of clipped to unclipped fish seen spawning and found dead and on other field 
observations. The males estimated to have jumped over the dam were divided into 1/1 and 1/2 fish in accordance with 
the ratio of these age categories among the males checked through the trap during the periods that fish could jump 
over the dam. 

Estimates of the numbers of females which spawned below the dam in each season were based on the numbers seen 
spawning and found dead and on other field observations. The numbers of 1/1 and 1/2 males were estimated in 
proportion to the females, in accordance with the ratio of each age-sex category in the run above the dam in that 
season. Field observations and other data indicate that the composition of the run below the dam was essentially the 
same as that of the run above the dam in the same season. 

10 
There is no ready explanation for the dominance of males in the 1937-38 run, but mistaken sex identification may be 

ruled out with reasonable certainty. The small size of the run that season shows that something abnormal happened; 
whatever it was apparently affected one sex disproportionately. 

Also, there is no ready explanation for the shortage of males in the 1939-40 run, but again mistaken sex identification can be 
ruled out with reasonable certainty. 
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TABLE 10 

Waddell Creek, Silver Salmon: Spawning Runs, by Brood Seasons and Sex-age Categories 
 

 

 
Brood season 

 

Checked through 
upstream trap 

 
Jumped over dam 

 
Run below dam 

Total run 

Number Percentage 

1/1♂ 1/2 ♂ 1/2♀ Total 1/1♂ 1/2 ♂ 1/2♀ Total 1/1♂ 1/2 ♂ 1/2♀ Total 1/1♂ 1/2♂ 1/2 ♀ Total 1/1♂ 1/2♂ 1/2 ♀ 

1930-31 
 

1931-32 
 

1932-33 
 

1933-34 
 

1934-35 
 

1935-36 
 

1936-37 
 

1937-38 
 

1938-39 
 

1939-40 

? 

118 

21 
 

56 
 

3 
 

20 
 

17 
 

52 
 

65 
 

4 

152 
 

275 
 

33 
 

104 
 

42 
 

29 
 

88 
 

93 
 

66 
 

? 

177 
 

287 
 

39 
 

107 
 

22 
 

40 
 

126 
 

105 
 

77 
 

? 

329 
 

680 
 

93 
 

267 
 

67 
 

89 
 

231 
 

250 
 

208 
 

4 

? 

7 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 

18 
 

7 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

10 
 

? 

25 
 

2 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

2 
 

? 

43 
 

16 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

12 
 

0 

? 

12 

1 
 

29 
 

1 
 

14 
 

7 
 

10 
 

6 
 

3 

17 
 

20 
 

17 
 

49 
 

28 
 

11 
 

17 
 

9 
 

48 
 

? 

20 
 

20 
 

20 
 

50 
 

15 
 

16 
 

24 
 

10 
 

50 
 

? 

37 
 

52 
 

38 
 

128 
 

44 
 

41 
 

48 
 

29 
 

104 
 

3 

? 

137 

22 
 

85 
 

4 
 

34 
 

24 
 

62 
 

71 
 

7 

187 
 

302 
 

50 
 

153 
 

70 
 

40 
 

105 
 

102 
 

124 
 

? 

222 
 

309 
 

59 
 

157 
 

37 
 

56 
 

150 
 

115 
 

129 
 

? 

409 
 

748 
 

131 
 

395 
 

111 
 

130 
 

279 
 

279 
 

324 
 

7 

 
18.3 

 

16.8 
 

21.5 
 

3.6 
 

26.2 
 

8.6 
 

22.2 
 

21.9 
 

-- 

 
40.4 

 

38.2 
 

38.7 
 

63.1 
 

30.8 
 

37.6 
 

36.6 
 

38.3 
 

-- 

 
41.3 

 

45.0 
 

39.8 
 

33.3 
 

43.0 
 

53.8 
 

41.2 
 

39.8 
 

-- 

Totals 356 882 980 2,218 7 35 29 71 83 216 225 524 446 1,133 1,234 2,813 17.4* 40.5* 42.1* 

* Mean of seasonal percentages. 
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TABLE 11 
 

Waddell Creek, Scott Creek, and Benbow Dam, Silver Salmon: Comparison of Sex-age Categories by Brood Seasons 
 

 
 

Brood season 

 
Number of fish 

 
Percentage 1/1♂ 

 
Percentage 1/2♂ 

 
Percentage 1/2♀ 

 
Waddell 

Creek 

 
Scott Creek 

 
Benbow 

Dam 

 
Waddell 

Creek 

 
Scott Creek 

 
Benbow 

Dam 

 
Waddell 

Creek 

 
Scott Creek 

 
Benbow 

Dam 

 
Waddell 

Creek 

 
Scott Creek 

 
Benbow 

Dam 

1931-32 748 ----- ----- 18.3 ----- ----- 40.4 ----- ----- 41.3 ----- ----- 

1932-33 131 ----- ----- 16.8 ----- ----- 38.2 ----- ----- 45.0 ----- ----- 

1933-34 395 ----- ----- 21.5 ----- ----- 38.7 ----- ----- 39.8 ----- ----- 

1934-35 111 ----- ----- 3.6 ----- ----- 63.1 ----- ----- 33.3 ----- ----- 

1935-36 130 ----- ----- 26.2 ----- ----- 30.8 ----- ----- 43.0 ----- ----- 

1936-37 279 513 6,765 8.6 22.0 19.7 37.6 33.2 38.0 53.8 44.8 42.3 

1937-38 279 681 11,434 22.2 23.1 28.0 36.6 29.1 31.0 41.2 47.8 41.1 

1938-39 324 374 12,087 21.9 7.8 23.5 38.3 43.0 33.7 39.8 49.2 42.9 

1939-40 ----- ----- 15,531 ----- ----- 28.6 ----- ----- 28.4 ----- ----- 43.0 

1940-41 ----- ----- 14,662 ----- ----- 26.9 ----- ----- 29.7 ----- ----- 43.4 

Totals 2,397 1,568 60,479 ----- -----  ----- ----- ----- ----- ----- ----- 

Averages* 300 523 12,096 17.4 17.6 25.3 40.5 35.1 32.2 42.1 47.3 42.5 

 

* Average percentages are means of seasonal percentages. 
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In Table 11, for purposes of comparison, the sex-age categories of silver 
salmon counted at Scott Creek and at Benbow Dam on the South Fork of Eel 
River are also shown. It should be noted that at the latter station 
determinations of both sex and age category were made as the fish passed 
over a counting board, without handling of the fish. Determinations of age 
category were based on the approximate size of the fish.11 The essential 
agreement  of  the  Benbow  Dam  and  Scott  Creek  data  with  those  from 
Waddell Creek strengthens the significance of each. The Benbow Dam data 
have the advantage of large numbers, while the Waddell and Scott Creek 
data have the advantage of individual measurements of fish. 

At all three localities the total number of males resulting from any given 
brood season considered as a percentage of that brood season's total run is 
quite  stable  (Waddell  Creek,  eight  seasons,  46.2 to  66.7 percent,  average 
57.9 percent; Benbow Dam, five seasons, 56.6 to 59.0 percent, average 57.5 
percent;  Scott  Creek,  three  seasons,  50.8  to  55.2  percent,  average  52.7 
percent), while the ratio of the grilse to the two-year-ocean males resulting 
from a given brood season varies within much wider limits. It necessarily 
follows that the number of fish which return as two-year-ocean males is 
strongly influenced by the number which have returned as grilse and that the 
mortality rate of two-year-ocean males during their second year at  sea  is 
much the same from season to season, in other words, that the bulk of the 
ocean mortality occurs during the brood's first year at sea. The number of 
fish which return as two-year-ocean males in a given season is  therefore 
largely dependent upon (1) mortality to the time that some  of  the  males 
return as grilse, and (2) the proportion of males which return as grilse. It is 
lack of knowledge of the second factor that prevents an accurate prediction 
of the size of the run of two-year-ocean males in a given season. The 
reliability of our predictions then, is determined by the variation from season 
to season in the proportion of the brood that returns as grilse. 

 
Changes in Sex-Age Composition During the Run 

The age and sex composition of the fish is not the same throughout the 
run.  Males  predominate  in  the  early  portions  of  the  run,  while  females 
predominate in the latter portion. Other workers have noted the 
predominance  of  males  in  the  early  portions  of  the  runs  for  the  Pacific 
salmons. This change in sex ratio may be noted in Figure 7 and Table 5. 

Since the sexes and age categories are associated, it follows that changes 
in the representation of the age categories also occur throughout the run. 
These changes are shown in Table 12 and Figure 9. 

 
Factors Influencing the Time of Upstream Migration 

It has already been noted that in certain streams entry and upstream 
migration may necessarily  be  delayed  by  physical  conditions.  Studies 
by the writers at Waddell and Scott creeks and at Benbow Dam on the 
South   Fork   of   Eel   River,   and   by   workers   in   other   areas   (e.g., 

 

11 The dividing line between silver salmon grilse and older fish was set at 24 inches (60.96 cm.). This limit is 
too high and if followed exactly would have included approximately 10 percent of two-year-ocean fish 
with the grilse. However, in practice the field observers were guided by the relative differences in size 
between grilse and two-year-ocean fish as much or more than by the actual lengths. 
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FIGURE 9.    Seasonal distribution of sex-age categories in the Waddell Creek silver 
salmon spawning run. 

 

Neave (1943) for Cowichan River, British Columbia) show that the first heavy 
upstream migrations coincide with large increases in stream flow, especially in 
streams which attain low summer levels. 

It was seen that at Waddell Creek 96 percent of the fish were taken during 
the period December 10-February 10. Since this is also the time of heaviest 
precipitation,  there  is  a  correlation  between  the  general  period  of  the 
spawning run and the general period of rainfall.  The  writers  believe  that 
there is also a definite relationship between ascension of the stream by 
spawning fish and stream flow, but so far it has proved impossible to show 
this quantitatively. The relationship between ascension of the stream by 
spawning fish and stream flow is neither one of positive correlation nor of 
negative correlation. Salmon (and steelhead) ascend both on rising and 
falling stream levels, but cease movement during peak floods. However, the 
number of fish taken during any given water height is not approximately the 
same, but depends upon the proportion of the run that has already ascended 
the stream during the storm and during the season, upon preceding flows and 
climatic conditions, and possibly upon other factors, such as sexual ripeness 
of   the   fish   and   turbidity   of   water.   For   example,   on   more   than 
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TABLE 12 

Waddell Creek, Silver Salmon: Seasonal Changes in Sex-age Composition of the Spawning Run; 
Fish Checked Through Upstream Trap, by Two-week Periods 

 

Season Category Nov. 26-Dec. 9 Dec. 10-23  Dc. 24-Jan. 6 Jan. 7-20  Jan. 21-Feb. 3 

 
1933-34 

1/1♂ 1 --- --- 60 --- --- 48 --- --- --- --- --- 1 --- --- 
1/2♂ --- 1 --- --- 54 --- --- 81 --- --- --- --- --- --- --- 
1/2♀ --- --- 1 --- --- 24 --- --- 112 --- --- 1 --- --- --- 

 
1934-35 

1/1♂ --- --- --- 2 --- --- 14 --- --- 4 --- --- --- --- --- 
1/2♂ --- 1 --- --- 13 --- --- 182 --- --- 50 --- --- 13 --- 
1/2♀ --- --- --- --- --- 5 --- --- 128 --- --- 101 --- --- 12 

 
1935-36 

1/1♂ --- --- --- --- --- --- 15 --- --- 36 --- --- 2 --- --- 
1/2♂ --- --- --- --- --- --- --- 6 --- --- 24 --- --- 2 --- 
1/2♀ --- --- --- --- --- --- --- --- 5 --- --- 31 --- --- 2 

 
1936-37 

1/1♂ --- --- --- --- --- --- 1 --- --- 1 --- --- 1 --- --- 
1/2♂ --- --- --- --- --- --- --- 34 --- --- 25 --- --- 35 --- 
1/2♀ --- --- --- --- --- --- --- --- 26 --- --- 26 --- --- 38 

 
1937-38 

1/1♂ --- --- --- 15 --- --- --- --- --- 4 --- --- 1 --- --- 
1/2♂ --- --- --- --- 8 --- --- --- --- --- 25 --- --- 7 --- 
1/2♀ --- --- --- --- --- 2 --- --- --- --- --- 18 --- --- 2 

 
1938-39 

1/1♂ 8 --- --- --- --- --- 5 --- --- 1 --- --- 2 --- --- 
1/2♂ --- 2 --- --- --- --- --- 1 --- --- 1 --- --- 16 --- 
1/2♀ --- --- --- --- --- --- --- --- 11 --- --- 2 --- --- 18 

 
1939-40 

1/1♂ --- --- --- 2 --- --- 27 --- --- 10 --- --- 11 --- --- 
1/2♂ --- --- --- --- 1 --- --- 74 --- --- 12 --- --- 1 --- 
1/2♀ --- --- --- --- --- --- --- --- 101 --- --- 16 --- --- 8 

 
1940-41 

1/1♂ --- --- --- 31 --- --- 19 --- --- 11 --- --- 3 --- --- 
1/2♂ --- --- --- --- 26 --- --- 40 --- --- 26 --- --- 1 --- 
1/2♀ --- --- --- --- --- 11 --- --- 41 --- --- 42 --- --- 7 

 
1941-42 

1/1♂ 1 --- --- 2 --- --- 1 --- --- --- --- --- --- --- --- 
1/2♂ --- 10 --- --- 21 --- --- 14 --- --- 6 --- --- 12 --- 
1/2♀ --- --- 3 --- --- 19 --- --- 10 --- --- 19 --- --- 23 

 
Totals 

1/1♂ 10 --- --- 112 --- --- 130 --- --- 67 --- --- 21 --- --- 
1/2♂ 
1/2♀ 

--- 
--- 

14 
--- 

--- 
4 

--- 
--- 

123 
--- 

--- 
61 

--- 
--- 

432 
--- 

--- 
434 

--- 
--- 

169 
--- 

--- 
256 

--- 
--- 

87 
--- 

--- 
110 

All fish --- 28 --- --- 296 --- --- 996 --- --- 492 --- --- 218 ---- 

 
Percentage of total 

1/1♂ 0.5 --- --- 5.1 --- --- 5.9 --- --- 3.0 --- --- 0.9 --- --- 
1/2♂ --- 0.6 --- --- 5.6 --- --- 19.5 --- --- 7.6 --- --- 3.9 --- 

run of all fish 1/2♀ --- --- 0.2 --- --- 2.8 --- --- 19.6 --- --- 11.5 --- --- 5.0 

All fish --- 1.2 --- --- 13.4 --- --- 45.0 --- --- 22.2 --- --- 9.8 --- 
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TABLE 12 — Continued 
 

Waddell Creek, Silver Salmon: Seasonal Changes in Sex-age Composition of the Spawning Run; 
Fish Checked Through Upstream Trap, by Two-week Periods 

 

 
Season 

 
Category 

 
Feb. 4-17   

Feb. 18-Mar. 
 
3 

 
Mar. 4-17  

 
Totals  Total all 

fish 

 
1933-34 

1/1♂ 7 --- --- 1 --- --- --- --- --- 118 --- ---  
447 1/2♂ --- 15 --- --- 1 --- --- --- --- --- 152 --- 

 1/2♀ --- --- 39 --- --- --- --- --- --- --- --- 177  
 1/1♂ --- --- --- 1 --- --- --- --- --- 21 --- ---  
1934-35 1/2♂ --- 3 --- --- 13 --- --- --- --- --- 275 --- 583 

 1/2♀ --- --- 14 --- --- 26 --- --- 1 --- --- 287  
 1/1♂ 3 --- --- --- --- --- --- --- --- 56 --- ---  
1935-36 1/2♂ --- 1 --- --- --- --- --- --- --- --- 33 --- 128 

 1/2♀ --- --- 1 --- --- --- --- --- --- --- --- 39  
 1/1♂ --- --- --- --- --- --- --- --- --- 3 --- ---  
1936-37 1/2♂ --- 10 --- --- --- --- --- --- --- --- 104 --- 214 

 1/2♀ --- --- 17 --- --- --- --- --- --- --- --- 107  
 1/1♂ --- --- --- --- --- --- --- --- --- 20 --- ---  
1937-38 1/2♂ --- 2 --- --- --- --- --- --- --- --- 42 --- 84 

 1/2♀ --- --- --- --- --- --- --- --- --- --- --- 22  
 1/1♂ 1 --- --- --- --- --- --- --- --- 17 --- ---  
1938-39 1/2♂ --- 7 --- --- --- --- --- 2 --- --- 29 --- 86 

 1/2♀ --- --- 9 --- --- --- --- --- --- --- --- 40  
 1/1♂ --- --- --- 1 --- --- 1 --- --- 52 --- ---  
1939-40 1/2♂ --- --- --- --- --- --- --- --- --- --- 88 --- 266 

 1/2♀ --- --- --- --- --- 1 --- --- --- --- --- 126  
 1/1♂ 1 --- --- --- --- --- --- --- --- 65 --- ---  
1940-41 1/2♂ --- --- --- --- --- --- --- --- --- --- 93 --- 263 

 1/2♀ --- --- 3 --- --- --- --- --- 1 --- --- 105  
 1/1♂ --- --- --- --- --- --- --- --- --- 4 --- ---  
1941-42 1/2♂ --- 2 --- --- --- --- --- 1 --- --- 66 --- 147 

1/2♀ --- --- 2 --- --- --- --- --- 1 --- --- 77 

 
Totals 

1/1♂ 12 --- --- 3 --- --- 1 --- --- 356 --- ---  
2,218 1/2♂ 

1/2♀ 

--- 
--- 

40 
--- 

--- 
85 

--- 
--- 

14 
--- 

--- 
27 

--- 
--- 

3 
--- 

--- 
3 

--- 
--- 

882 
--- 

--- 
980 

All fish --- 137 --- --- 44 --- --- 7 --- --- 2,218 ---  
 
Percentage 
of  total run 
of all fish 

1/1♂ 0.5 --- --- 0.1 --- --- --- --- --- 16.1 --- ---  
1/2♂ 
1/2♀ 

--- 
--- 

1.8 
--- 

--- 
3.8 

--- 
--- 

0.6 
--- 

--- 
1.2 

--- 
--- 

0.1 
--- 

--- 
0.1 

--- 
--- 

39.8 
--- 

--- 
44.2 

All fish --- 6.2 --- --- 2.0 --- --- 0.3 --- --- --- ---  
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one occasion a number of salmon have entered Waddell Creek during a storm 
or series of storms, but have "holed up" in pools in the lower portion of the 
stream, below the trap, as a result of sudden cessation of the storm and 
lowering of flow. Such fish will not move up so long as the fair weather 
continues, even though they be sexually ripe and begin to deteriorate in 
physical condition and even die. Following such a period, even a light rain 
and small rise  in stream level  will cause  a large number  of these  fish to 
ascend through the trap or spawn below the trap. We may now turn to a 
consideration of diurnal fluctuations in migration. 

Counts of silver salmon, king salmon, and steelhead at the Benbow Dam 
station of the California Department of Fish and Game and of silver salmon 
and steelhead at Waddell and Scott creeks indicate that as a rule these fishes 
move upstream mainly in the daytime. Studies of various workers in other 
areas generally are in agreement with these findings. 

Neave (1943) found that silver salmon (and king salmon) at Skutz Falls, 
Cowichan River, B. C., migrated mainly during daylight hours, but found no 
correlation between diurnal fluctuations in number of migrants and water 
temperature or stream discharge. Within the daylight period, either one or 
two peaks of major activity were observed. Artificial light, as used, had no 
effect on night migratory movements. 

Chapman  (1941),  studying  steelhead,  king  salmon,  and  red  (sockeye) 
salmon (Oncorhynchus nerka) passing through the fishways at Rock Island 
Dam on the upper Columbia River, concluded that the red salmon as a whole 
"showed  a   preference   for   running   in  the   early   morning,   the   number 
decreasing as the day progressed, but those going through the middle ladder 
acted  in  a  directly  opposite  manner,  running  predominantly  in  the  late 
afternoon.'' He found that the king salmon and steelhead ran heavily through 
the middle of the day. Chapman states that he "was never able to arrive at a 
conclusion as to the factors influencing the movements of the fish through 
the ladder (probably multiple with complex inter-relationships). ..." (Night 
counts were not made at Rock Island Dam.) 

Neave (1943) and others have noted the occasional occurrence of periods 
of relative inactivity in upstream movement of various salmonids within the 
daylight  hours.  No  correlations  between  such  fluctuations  in  movement 
during the daytime and environmental factors have been demonstrated. Such 
fluctuations have been noted at Benbow Dam for silver salmon, king salmon, 
and steelhead and at Scott and Waddell creeks for silver salmon and 
steelhead, but to date it has not been possible to form definite conclusions 
regarding the factors creating them. As Chapman (loc. cit.) pointed out, they 
are "probably multiple with complex inter-relationships." Ripeness of fish, 
size of run at the immediate locality, and water and climatic conditions may 
all play a part in determining the pattern of the fluctuations under discussion. 
It may be noted that particularly at Scott Creek two daily peaks of migration 
among the steelhead have been noted by the writers on successive days, 
without any marked changes in stream discharge, turbidity of water, or 
general weather conditions (other than light and temperature). 
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Changes in Body Form and Coloration Associated With Maturation 

The changes in body form and coloration which are associated with 
maturation in the different species of the Pacific salmons are well known 
and have been described elsewhere (e.g., Chamberlain, 1907). 
Consequently, only a brief resume will be presented at this time. 

The changes which take place vary with species, sex, and size, and also 
with individual fish. In the males, the changes in form are characterized 
by the elongation of the jaws, the growth of canine-like teeth, and the 
increase in depth of body by the ridging of the back. (The latter character 
has given rise to the term "razor-back.") These changes are  most 
pronounced in the larger fish. (They are seen also in the steelhead, but 
usually to a lesser extent.) (Juvenile salmon which mature prior to entry 
into salt water show no evident change in bones or teeth.) 

In the male silver salmon, the upper jaw elongates and often becomes 
quite hooked. Individuals in which this process has  been  extensive  are 
often known as "hook-bills" or "dog salmon." Sometimes the hooking and 
knobbing are so great as to prevent closure of the mouth. The lower jaw 
also elongates, but more often becomes knobbed than hooked. The jaws of 
the female elongate only slightly and rarely become hooked. With a little 
experience,  these  differences  between  males  and  females  enable  the 
observer to determine the sex of the fish at a glance.12

 

In the sea, all species of the Pacific salmons are quite silvery. In fresh 
water, the changes in body coloration soon take place. These vary with the 
species. The larger male  silver salmon often acquire a red on the  sides 
which is sometimes quite bright. The grilse and females are usually not 
nearly so brilliantly colored. The females most often assume a brassy 
greenish color. 

The scales, which are loosely attached in individuals in salt water and 
in recent arrivals from the sea, become firmly imbedded with the approach 
of spawning, particularly in the males. 

 

Spawning Beds 
Silver salmon ascend practically all accessible streams within their range 

flowing into the Pacific Ocean, from the largest to the very smallest. This 
statement is borne out by the observations of other writers. For example, 
Chamberlain (1907) wrote in regard to choice of spawning streams by silver 
salmon in southeastern Alaska: 

"The coho is probably less particular (in comparison with the other 
Pacific   salmons)   in   its   requirements.   The   fry   were   found,   without 
exception, in every stream and brook examined; even a tiny seepage rill 
entering Naha Bay which would become dry with the first week of fair 
summer weather contained its little school of coho fry." 

Females choose the redd sites, as is the case with other species  of 
salmon and trout. Examination of many redds shows that the  site  se- 
lected is typically near the head of a riffle (which is also the lower end 

 

12 
While  some  bones  increase  their  size  and  acquire  new  material,  parts  of  others  and  of  the  scales  are 

absorbed. The changes which take place in the skulls of breeding salmonids have been described in a 
series of papers by Tchernavin (1918, 1921, 1937a, 1937b, 1938a, 1938b, 1938c, 1938d). 
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of a pool) composed of medium and small  gravel.  Usually  the  site  is 
close to the point where the smooth surface water  "breaks"  into  the 
riffle. 

No differences could be found between the individual sites chosen by 
silver salmon and steelhead at Waddell Creek. Occasionally fish of the 
two species spawned at the same time on the same riffle, while in other 
instances fish of one species spawned in the exact spot used by earlier 
spawners of the other species. If the runs are considered as a whole, the 
silver salmon consistently spawn lower in Waddell Creek than do the 
steelhead. The spawning beds of the lower portion of the stream are 
composed of gravel not so coarse as that found in the upper stream, but 
whether or not this is the factor that causes the silver salmon to spawn 
lower down than the steelhead is not known. 

The silver salmon do not ascend streams for as great distances as do 
the king salmon, red salmon, or  steelhead,  usually  not  proceeding 
upstream in large numbers more than 150 miles even in the larger rivers. 
This characteristic has been  noted by others writers, e.g., Chamberlain 
(1907), who said: ". . . long journeys do not find favor with it. Wallowa 
(northeastern Oregon) and Baker (northern Washington, tributary to the 
Skagit River) lakes seem to be about the limit to which it travels." 

The nature of the redd site insures a  good  supply  of  oxygen  for  the 
eggs,  since  in  streams  a  considerable  portion  of  the  water  flowing 
through  a  swift  riffle  flows  below  the  surface.  The  circulation  of  the 
water through the gravel no doubt also is of considerable aid to the fry in 
making their way to the surface. 

Silver salmon often spawn in very shallow water, but so choose their 
redds that they are rarely exposed by naturally falling stream levels, in 
either Waddell Creek or other California streams. 

 

Spawning 
Insofar as the writers know, there is no published account of the spawning 

of silver salmon, but in its general features it is similar to  that  of  other 
species of salmon and of trout. A generalized account is here presented. 

The female may select and abandon several trial sites. Having chosen 
a satisfactory site, she begins digging. One or more males  may 
accompany the female, but the males do not participate in the digging. 
Usually one male  becomes  the  mate; the  other  males, although  some- 
times persistent in approaching the female, seem to sense this and 
usually yield to the dominant male when he makes a rush at them. 
Probably more often than not the mate is a larger fish than the 
"accessory" attendant males, but even if smaller, his "right" to the 
female is usually recognized. The fighting and digging often result in a 
great deal of commotion, especially when several males are in attend- 
ance. Occasionally a male, usually a grilse,  becomes  hurt  so  badly  in 
the fighting that he dies without spawning. 

While the female is digging the nest, the mate assumes a position 
slightly behind (downstream) and to one side of her. At frequent 
intervals this male approaches the side  of  the  female  closely  and  the 
two fish quiver, together or separately. This quivering has often been 
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mistaken for the emission of the sexual products, but the behavior 
accompanying the latter action is quite different.  Fish  of  both  sexes 
face upstream during the spawning activities.  

In digging the nest the female turns partly on her side and with 
powerful and rapid movements of the tail disturbs the bottom materials, 
which are then carried a short distance downstream by the current. As 
this process is repeated the nest takes  form  and  finally  results  in  an 
oval or roundish pit or depression, at least as deep and as long as the 
fish. 

The writers have not witnessed the actual deposition of the sexual 
products, but it is probably very similar to that of the steelhead, 
described in the comparable section of this paper (pages  144-148). 
Since the site of the redd, the construction of the pit, and the behavior 
of the spawning fish are so similar  in  silver  salmon  and  steelhead,  it 
may be confidently expected that the efficiency of fertilization and 
covering of eggs will also be much alike. 

For many years the view was generally held that natural reproduction 
of   salmonids   is   a   rather   ineffective   process,   but   various   studies 
contradict this opinion. 

Probably at least 97 percent of the eggs spawned lodge in the pit and 
are properly buried. Apparently both the eggs and milt are held in the 
pit by current eddies below the normal level  of  the  stream  bed.  This 
view has been advanced for the spawning of various salmonids by Peart 
(1920) and others. In the spawning of steelhead witnessed by P. R. 
Needham, A. C. Taft, and  Leo Shapovalov  and  recorded  by  Needham 
and Taft (1934) and in the observations of Greeley (1932) on Eastern 
Brook Trout (Salvelinus fontinalis), Brown Trout (Salmo trutta), and 
"rainbow trout" very few eggs were swept out of the pit. Hobbs (1937), 
in his studies in New Zealand, concluded that at least 97.5 percent of 
the brown trout eggs lodged in the redds at the time of spawning. His 
data did not admit of the quantitative expression of the non-lodgment 
loss in the case of king salmon and "rainbow trout", but his 
observations suggest that, as was the case with brown trout, the great 
majority of the eggs produced  by  them  lodged  in  the  places  prepared 
for them by the parent fish, unless interfered with. 

On the basis of observations on numbers of silver salmon redds, it is 
known that the female may dig several pits to complete spawning. The 
pits   are   arranged   progressively   upstream,   in   chronological   order. 
Probably normally a few hundred eggs are deposited in each pit. 

To complete spawning may take a week or more. The length of time 
probably depends upon the ripeness of the fish, water and atmospheric 
conditions (especially temperature and volume of water), and the extent 
to which the mating fish are interrupted by intruders (human beings, 
stream-side mammals, birds, and other fish). 

No quantitative estimate can be made of the amount of damage done 
to  redds  by  subsequent  spawners,  which  may  be  steelhead  or  other 
silver salmon. It is probable that although  the  losses  from  this  cause 
may  be  severe  in  individual  nests,  the  percentage  loss  for  all  eggs 
deposited in the stream is not large. Superimposition probably causes 
more damage to silver salmon than to steelhead redds, since most of the 
steelhead in California streams spawn after the salmon. 
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Egg-eating species of fishes present on salmonid spawning grounds 
often contain eggs in their stomachs. In Waddell Creek such fish  are 
stream steelhead and silver salmon  and  sculpins  (Cottus).  Such  eggs 
are probably occasional ones shed by fish on their way upstream or in 
the course of nest digging, disturbed by superimposition of  nests  on 
nests prepared by previous fish, or swept out of the spawning  pits 
before they were covered. Hobbs (1937) records brown trout and king 
salmon eggs in the stomachs of brown trout, and king salmon eggs in 
the stomachs of rainbow trout, and is also of the opinion that such eggs 
are occasional ones made available in some of the ways cited above. 
Greeley (1932) expressed a similar view. The rapid burial of eggs 
precludes any but an insignificant proportion of eggs being eaten. 

All silver salmon, both males and females, die after first spawning. 
Degeneration of the gonads and certain other  physiological  changes 
take place, even  before the death  of the fish.  The occurrence of  such 
changes in a stream such as Waddell Creek, where many  of  the  fish 
spawn within two miles of the stream mouth, shows conclusively that 
death is not caused by the rigors of a long journey, but results from 
independent physiological changes.  

 
Egg Production 

The  calculation  of  numbers  of  eggs  produced  by  Waddell  Creek 
silver salmon is based on the numbers produced by Scott Creek silver 
salmon, since collection of eggs from Waddell fish would have de- 
stroyed the experimental plan. There is no evidence to indicate that the 
Scott Creek salmon produce a different average number of eggs for a 
given size of fish from Waddell salmon. 
Correlation of Number of Eggs With Size of Fish 

The relationship between the length of the fish  and  the  number  of 
eggs produced is shown in Figure 10. This relationship was determined 
from 29 actual counts of eggs plus 36 measurements of the amount 
(volume) of eggs and the size (volume) of individual eggs from fish of 
known lengths.131 3

 

Measurements of the eggs were carried out according to a method 
originated by Taft. This, in essence, consists  of  dividing  the  actual 
total volume of eggs from one fish by the average measured volume per 
egg for that fish. In practice, the eggs from one fish are placed in a 
graduated glass cylinder, with sufficient water to cover them, and a 
reading is taken of the volume occupied by the total egg mass. The 
volume of individual eggs is obtained by taking the average of a series 
of eggs (usually 10  at Scott Creek) measured  in a burette. The  meas- 
ured volume occupied by the total egg mass is then multiplied by a 
predetermined factor (F) which reduces it to the actual volume of the 
eggs. The actual volume is then divided by the volume per egg, which 
gives the calculated number of eggs produced by that fish. 

 

13 
Counts of eggs were obtained from one Waddell Creek fish taken during the 1933-34 season, four Scott 

Creek fish spawned during the 1935-36 season, and 24 Scott Creek fish spawned during the 1937-38 
season. Measurements of eggs were obtained from 36 fish spawned at Scott Creek in 1935-36. The 
spawning was done by the incision method (in which the fish is cut open and the eggs removed) by 
experienced hatchery personnel. The measurements of fish and eggs were made by the writers and 
various assistants. After the eggs were fertilized they were placed in two-quart glass jars. 
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FIGURE 10.    Egg production of Scott Creek silver salmon. 

 
F, the reduction factor, or volume factor, as it will be called hence- 

forth in this paper, is calculated according to the following procedure: 
(1) the volume of the total egg mass and the volume per egg for one fish 
are measured in the manner outlined, (2) an actual count of the number 
of  eggs  is  made,  (3)  the  counted  number  of  eggs  is  multiplied  by  the 
volume per egg to give the actual volume occupied by the eggs, (4) the 
actual volume occupied by the eggs is divided by the graduate reading 
(volume of total egg mass) to give the volume factor (F). The calculation 
of  the  volume  factor  may  be  represented  by  the  following  formula: 
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Counted number of eggs (N) x  volume of individual egg (v)   =   Actual 
volume of eggs (V) 

 
 

Then: 
 

Actual volume of eggs (V) 
Measured volume of eggs (M) 

 

= Volume factor, or portion of measured 
egg volume occupied by eggs (F) 

 

In calculating the volume factor for Scott Creek silver salmon, actual 
counts of eggs and measurements of total volume from two fish were used. 
For each of the two fish selected, the volume in c.c. of individual eggs was 
obtained by averaging the volume of 50 eggs measured in lots of 10 in a 
burette. Total volume of eggs was measured in water in a 1,000 c.c. glass 
graduate. From these values a volume factor of 0.680 was obtained. The 
data used in obtaining F are shown in Table A-2 of the Appendix. The 
frequency distribution of quantity of eggs (in c.c.) obtained  from  Scott 
Creek silver salmon is given in Table A-3 .of the Appendix.14

 

Using the volume factor of 0.680, the calculated number of eggs was 
obtained for each of the 36 fish for which egg volumes had been measured. 
To it was added the number of eggs remaining in the fish to obtain the total 
number of eggs. 

The total number of eggs contained in the above 36 fish and in the 29 
for which actual total egg counts had been made was plotted in 200-egg 
intervals against fish length in 1-cm. intervals and a regression line was 
fitted to the points. This line was fitted by the method of least squares and, 
since the relationship is curvilinear, the regression line was determined on 
a logarithmic scale and later transposed to a linear scale. This regression 
line is not as accurate as one determined from the original paired variates, 
but is close enough to the true one to be used here, considering all possible 
sources of error. Its equation is Number of Eggs = 0.01153 X Length 2.9403. 
The correlation ratio, γ, for the relationship between eggs produced and 
fish length is 0.682. 

Other workers have found a correlation between number of eggs and 
size  of  fish  for  various  species  of  salmonids,  including  other  species  of 
Pacific salmons. For example, Foerster and Pritchard (1941) found a 
positive significant correlation between the number of eggs contained in 
the ovaries and both length and weight of individuals in the red salmon 
(Oncorhynchus nerka) and the pink salmon (0. gorbuscha). Weights of the 
Scott Creek silver salmon were not obtained. 

As  Foerster  and  Pritchard  (loc.  cit.)  have  pointed  out  for  the  red 
salmon and pink salmon, the existence of a definite positive correlation 
between size of females and egg content suggests two important impli- 
cations, namely, (1) ". . . any fishing effort which tends to remove the 
larger fish will proportionately  reduce the extent of the  egg deposition 

 

14 
The volume factor will vary with (1) size and shape of graduate used, (2) amount of eggs in the graduate, 

(3) average size of eggs, (4) amount of water over the eggs, and (5) amount of shaking of eggs to 
settle them in the graduate. All Scott Creek silver salmon and steelhead eggs were measured in a 
1,000 c.c. graduate and the eggs were shaken down. Inaccuracies resulting from the "packing effect," 
which increased with increasing volume of eggs, and the change in the relative amount of the loose 
"floating layer" of eggs on top with changes in the total volume, are not believed to be large enough 
to affect the results seriously. For Golden Trout (Salmo agua-bonita) eggs measured in a 100 c.c. 
graduate and not shaken down, Curtis (1934) obtained a volume factor of 0.59. 
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of the spawning escapement and militate against the normal conservation 
of the species" and (2) ". . . due caution must be observed in using data 
pertaining to egg content to indicate racial differences between populations 
... in different rivers." 

Published studies of egg production by silver salmon are quite limited. 
Foerster (1944), summarizing studies in two small streams tributary to the 
Cowichan River in British Columbia, reported that 88 females  in  Oliver 
Creek presumably deposited 199,500 eggs (an average of 2,267) and that 28 
in Beadnell Creek deposited 78,100 (average 2,789). 

 

Percentage of Eggs Deposited 
The   average  total   number  of   eggs  produced   was  discussed  in  the 

preceding section. To calculate the total number of eggs deposited in 
Waddell Creek in each season it was necessary to know the average number 
of eggs left in the fish after spawning. 

The silver salmon that spawn do so quite completely. Actual counts of 
eggs remaining were recorded for only five fish, as follows: 20, 35, 47, 
100, 100 (average 60). However, a number of others were found to have 
spawned quite completely, the average number of eggs remaining in the 
fish being well under 100 and probably under 50. It is likely  that  the 
number of eggs left in the fish after natural spawning bears little or no 
relation to the size of the fish (and consequently the number of eggs 
produced). 

The small number of eggs remaining after natural spawning is in 
agreement with the findings of other workers for various species of 
salmon and trout. Hobbs (1937) found an average retention of eight eggs 
per female (range 0 to 53 for 22 fish) in the case of king salmon and 6.7 
eggs per female (14 fish) in the case of  brown  trout.  Foerster  (1929) 
found that over 75 percent of 57 dead red  salmon  examined  at  Cultus 
Lake, British Columbia, contained 20 or fewer eggs. (Only three of these 
salmon, or 5 percent of the total, were found unspawned. Several others 
had apparently died before completing spawning.) 

On the basis of these various observations, it was decided not to 
subtract any number in calculating the eggs deposited by Waddell Creek 
silver salmon which are believed to have completed spawning, but to use 
the total egg production figures obtained for Scott Creek silver salmon 
of the  same lengths and expressed by the regression line in Figure 10. 
However, allowance was made for fish which died without completing 
spawning in each season. The figures previously cited are for eggs remaining 
in fish that had completed spawning. In most streams a  certain  (usually 
small) percentage of fish dies without completing spawning. Such fish die 
from (a) disease, (b) injuries caused by predators, fishermen, fighting, and 
stream obstacles, and (c) old age, and the numbers dying from such causes 
depend upon local conditions. The number of eggs remaining after 
completion of spawning is largely independent of local conditions. 

 
Percentage of Eggs Fertilized 

Although quantitative data for Waddell Creek silver salmon are not 
available, there is every indication that the percentage of eggs fertilized 
is very high and rather constant. 
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Extensive spawning work done by personnel of  the  Department  of 
Fish and Game has shown that the percentage of fertilization of silver 
salmon eggs can be quite high under the close to ideal conditions 
existing in artificial fertilization. But the only  data  available  to  show 
what happens in Waddell Creek and other coastal streams under natural 
conditions are the extensive investigations of Hobbs (1937) in New 
Zealand, the observations of other workers,  and  general  observations 
(not strictly quantitative) on the emergence  of  fish  from the  gravel  in 
Waddell Creek. 

It is true that the observations of other workers have been made on 
other species of salmonids, but the conclusions reached by them fit in so 
well with the observations of the writers that it  appears  legitimate  to 
apply them in the present studies, especially since the spawning of the 
various salmons and trouts follows essentially the same pattern and local 
conditions usually play a more important role than the factors peculiar to 
the species involved. 

Hobbs found that his material, taken as a whole, indicated a uniformly 
high efficiency of fertilization in the eggs  of all three species which he 
observed, king salmon, brown trout, and "rainbow trout": over 99 percent. 
In 32 brown trout redds in 10 different streams the average fertility was 
99.17 percent, with a range of from 96.73 to 100 percent. 

Hazzard (1932) examined an average sample  of 201 eggs in the eyed 
stage from each of 21 eastern brook trout nests in New York streams. He 
found that 27 to 98.5 percent, with an average of 79.8, of the eggs 
contained embryos. In all but one nest more than 69 percent of the eggs 
were found to be alive. 

The observations of the writers and the various seasonal observers 
consistently  indicated  a  tremendous  emergence  from  the  gravel  in  most 
seasons; during the few weeks following peak emergence the shallows of 
the stream seemed alive with fry, which of course could not occur if a high 
percentage of the eggs had not been fertilized. 

 

Embryology and Hatching of Eggs 
The embryology of the silver salmon is in general similar to that of 

the other Pacific salmons and of trout. The length of time for the eggs 
to develop to various stages and to hatch is in general dependent upon 
average temperature of the water, but for a given temperature the 
average hatching time may vary several days between egg lots taken 
from different fish and even between eggs taken from the same fish. 

The number of days required for silver salmon eggs to hatch varies 
from about 38 at an average temperature of 51.3 degrees F. to about 
48 at  an average  temperature of 48.0 degrees F. At  the temperatures 
prevailing in Waddell Creek, the usual hatching time is from 35 to 50 
days. 

Chemical conditions (oxygen, pH, etc.) have some effect on the rate 
of development of salmon and trout eggs, but probably do not play a 
significant role within the limits found in Waddell  Creek  and  in  the 
great majority of other coastal streams. Cheyne (1941) found  that 
chum salmon eggs developed at approximately the same rate and pro- 
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duced healthy fry in waters with dissolved oxygen levels lying between 
3.55 and 7.84 p.p.m., although the eggs held at the highest oxygen level 
produced the largest fry. 

Most experiments dealing with the rate of development of salmon and 
trout eggs have been conducted with uncovered eggs placed in hatchery 
baskets or incubators. Shapovalov (1937) showed that steelhead eggs in 
gravel hatch at approximately the same time as those in hatchery baskets. 

The percentage of silver salmon eggs which hatch probably varies 
widely under natural conditions, and in Waddell Creek and other coastal 
streams free from mining is likely dependent principally upon the amount 
and character of silting caused by floods occurring between fertilization 
and hatching. Such silting smothers the eggs, i.e., deprives them of the 
oxygen necessary for development. Mining silt has a similar effect. 

The adverse effect of silting on the development of silver salmon eggs 
is indicated by the experiments of Shapovalov and  Berrian  (1940)  and 
Shaw and Maga (1943). The latter authors conclude that "mine silt 
deposited on gravel spawning beds during either the early or later stages 
of incubation results in negligible yields of fry and is therefore a serious 
menace to natural propagation." Hobbs (1937) found that in New Zealand 
streams the mortality of salmon and trout eggs was greatest in redds 
containing the largest proportion of fine materials (under 0.03 inch in 
diameter). Harrison (1923) cites a series of experiments with the eggs of 
red salmon to determine which of a number of kinds of bottom material 
was most suitable for the artificial planting of eggs. They show that the 
finer the material is the heavier is the loss. 

Under normal hatchery conditions the hatch is between 80 and 90 
percent of silver salmon eggs taken. 

Hobbs (1937, 1940) conducted an extensive series of investigations on 
the natural reproduction of salmonids in New Zealand streams. A large 
proportion of his studies was concerned  with  the  extent  of  losses 
occurring at different stages while the eggs and larval fish were in the 
gravel. 

Hobbs (1937) found that in one stream, Winding Creek, a hatch of over 
97 percent of king salmon eggs lodged in redds sampled was indicated in 
1933. For brown trout he found that in Black Creek, where losses (of 
unmeasured extent) occur through the disturbance of  earlier  redds  by 
later spawners, a hatch in undisturbed redds or portions of redds of over 
95 percent of eggs lodged was indicated. In the Selwyn River, where it 
was not known if later spawners disturbed the contents of early redds, 
in undisturbed redds or portions of redds a hatch of over 97 percent of 
brown trout eggs was indicated. In a third stream (Slovens Creek), 
however, in which redds were not disturbed by subsequent spawners, 
a loss of something over 25 percent of the eggs of brown trout lodged 
was indicated. For the streams examined, Hobbs concluded that heavy 
losses of fertilized eggs are the outcome of adverse environmental 
conditions and not of inherent weakness,  that the extent of losses of 
fertilized eggs in undisturbed redds depends primarily on the amount 
of very fine material in the redds during the development of  eggs 
before eyeing, that losses, of unmeasured extent, of the eggs of brown 
trout    occur    through    the    superimposition    of    redds    of    later 
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spawners, that all floods tend  to be  harmful in that they  increase the 
deposition of fine material in redds, and that although floods  rarely 
effect substantial modification of the contours of redds, they may 
cause losses considerable enough to account for the partial failure of a 
year class when they do so. 

In further studies, based on 529 samples consisting of 422,841 speci- 
mens  from  natural  redds  of  brown  trout  and  "rainbow  trout"  in  nine 
New Zealand river systems, Hobbs (1940) estimated survival to time of 
hatching among eggs of both brown trout and "rainbow" trout to have 
been  approximately  as  follows:  96.80,  95.36,  94.50,  93.92,  93.15, 
90.64, 88.62, 87.14, and 70.71 percent, giving an average of 90.1 per- 
cent. In commenting on these figures, an editorial in The Salmon and 
Trout Magazine, No. 101, January, 1941, states: "This last district, 
however, must be exceptional, as the next highest [loss] is only 12.86 
percent, and if this particularly bad one is omitted the average loss is 
less than 7.5 percent." However, the unusually heavy losses appear to 
be characteristic of that particular river system, since in 18 of 28 
samples  dead  eggs  exceeded  10  percent,  and  in  10  of  the  18  were  in 
excess of 20 percent, so probably should be included in arriving at an 
average. The problem of the treatment of exceptional cases is one that 
often confronts the biologist, and one that cannot always be solved by 
statistical  analysis.  In  the  case  under  discussion,  for  example,  Hobbs 
stated that the heavy losses "reflect unsatisfactory features of the 
spawning medium." These features consist of the presence of clay and 
swamp detritus in the gravel in excessive quantities, and  the inimical 
conditions  were  aggravated  by  the  massing  of  redds,  so  that  material 
disturbed by late spawners had frequently settled in redds immediately 
below. Any investigator, in attempting to apply some average from data 
obtained by another investigator to his  own  studies,  must  decide 
whether  or  not  the  unusual  cases  of  the  other  investigator  are  also 
unusual in his data, or entirely absent, or characteristic. Thus, if 
spawning grounds in some area are uniformly of high quality, we have 
some justification for using the figure of 7.5 percent as probable pre- 
hatching loss; if poor spawning areas occur in the approximate ratio of 
1:8, we should expect to be more nearly correct if we use the figure of 
9.1; while if the spawning grounds are uniformly poor we should 
probably use the pre-hatching loss figure of 29 percent. 

Some criticism has been made of Hobbs' method of calculating losses 
in the gravel, which consists of digging up the natural redds and deter- 
mining the proportional numbers of dead and live eggs and larvae in 
different stages. Some workers believe that Hobbs' survival figures may 
be too high, because of irrecoverable eggs (eggs not recovered because 
of decomposition, crushing in digging up the redds, or through oversight 
in digging up the redds). It is true that in egg burial experiments with 
known numbers of eggs, in which dead eggs and larvae have been dug 
up, there has been an unaccounted for loss. Carl (1940), in an ex- 
periment directed toward determining the possibility of the production 
of differences in eye diameter by incubation in gravel and in open 
hatchery troughs, planted 2,000 silver salmon eggs from several females 
in  gravel  (taken  from  an  area  normally  used  for  spawning)  to  a  depth 
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of 6 to 8 inches in a hatchery trough screened  at  both  ends  and  ob- 
tained a survival of 53.7 percent, with 160 eggs (8 percent) unac- 
counted for. The same number of control eggs in a standard hatchery 
basket yielded a hatch of 87.9 percent.  Carl  states:  "The  high  losses 
were probably the result of the extra handling during the intermingling 
of the eggs of different fish and during the subsequent counting." And, 
in regard to the unaccounted for eggs, "A similar disintegration in 
nature may explain in part the high rates of efficiency obtained  by 
basing the estimated loss in eggs in the redd only upon the number of 
'blank' eggs found in the gravel. "If in the same experiment a calcula- 
tion had been based on the number of fry produced as compared with 
the number of dead eggs recovered, the survival figure obtained would 
have been 58.5 percent, a difference of only 4.8 percent from the true 
figure. With the higher survival figures obtained by Hobbs (about 90 
percent in his 1940 paper), the percentage difference would also be 
somewhat higher. Assuming a total deposition of 2,000 eggs and an 
unaccounted for loss of 8 percent, or 160 eggs, the calculated survival 
would be 1,656 eggs (90 percent of 2,000 — 160 = 1,840) and  the 
number of dead eggs found would be 184 (10 percent of 2,000 — 160 
— 1,840). The true loss would then be 184 + 160 — 344, or 17 
percent, a difference of only 7 percent. 

In  experiments  described  by  Shaw  and  Maga  (1943)  both  the  mor- 
tality and unaccounted for loss were much higher than in the experiment 
of Carl (loc. cit.). In these experiments  21  lots  of  500  silver  salmon 
eggs each (altogether from 17 females) were buried in gravel to a depth 
of 3 or 4 inches. Since mining silt was artificially introduced into some 
of the lots, only the seven gravel control lots will be considered at this 
time. From Table 13 it is seen that the average survival to time of 
emergence was 16.2 percent, with a maximum of 25.4 percent, that the 
average   recovery   of   dead   eggs   and   fry   from   the   gravel   was 

 
TABLE 13 

 
Silver Salmon: Yield and Recoveries of Fry and Eggs From Gravel in Hatchery Troughs 

 

 

 
Nest* 

 
Yield of fry 

 
Fry and eggs recovered from gravel 

Fry and eggs 
unrecovered 
from gravel 

 
Number of 

fry 

 
Percentage 

yield 

 
Number of 

fry 

 
Number of 

eggs 

 
Percentage 

fry and eggs 

 
Number 

 
Percentage 

1 30 6.0 36 4 8.0 430 86.0 

2 8 1.6 3 4 1.4 485 97.0 

3 64 12.8 5 9 2.8 422 84.4 

4 127 25.4 24 1 5.0 348 69.6 

5 106 21.2 12 11 4.6 371 74.2 

6 111 22 2 7 14 4.2 368 73.6 

7 120 24.0 35 3 7.6 342 68.4 

Totals 566  122 46  2,766  
 
Averages 

 
81 

 
16.2 

 
17 

 
7 

 
4.8 

 
395 

 
79.0 

* Five hundred eggs buried in each nest. 
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4.8 percent, and that the average unaccounted for loss was 79.0 percent. 
As Shaw and Maga (loc. cit.) point out, while the eggs and fry were in 
the gravel "several storms brought in natural sediment which tended to 
settle in the upper nests of the trough." And: "Visual observation 
indicated that most of this sediment . . . settled on the first three nests 
while the last four were relatively free from silt." The authors go on to 
say "The higher and fairly constant yield of live fry from the last four 
nests is therefore representative of development without appreciable 
silting, while the lower values from nests 1-3 represent yield of fry for 
gravel beds that were subject to natural silting." In regard to the survival 
to emergence, the present writers agree that the differences between the 
first three and the last four nests reflect relative differences in the 
amount of silting, but it also seems quite possible that there was 
sufficient silting in the case of the last four nests to make it a factor of 
some consequence in the yield. 

An experiment on the survival of silver salmon eggs in gravel  con- 
ducted by Shapovalov and Berrian (1940) resulted in the low emergence 
of 10.2 percent, which was attributed to silting from severe storms. In 
the control, 65.9 percent of the eggs hatched and 48.2 percent survived 
to the time that the experimental fish had finished emerging from the 
gravel. 

In justification of the  figures  obtained  by  Hobbs:  (1)  He  considered 
the possibilities of dead eggs and fry having decomposed to stages which 
would not permit of their recovery by the methods  employed  (1937, 
pages 32-33), and carried out tests on the rate of decomposition  of 
freshly killed eggs artificially buried in the gravel at various tempera- 
tures. Hobbs concluded (1940, page 43) : "Generally, data available do 
not suggest that failure to take decomposition of dead ova into account 
will cause errors comparable in extent to  any  resulting  from  the 
exigencies of sampling." (2) Many of Hobbs' samples were collected at 
early stages of development, while in the  burial  experiments  cited  by 
Carl (1940) and Shaw and Maga (1943) the dead eggs and fry were not 
dug up until the live fry had finished emerging from the gravel. The time 
between burial and removal of eggs was not recorded by Carl, but it was 
98 days in the experiments cited by Shaw and Maga. From the viewpoint 
of the time element alone, then, one would  expect an unaccounted for 
loss to be much less in the case of Hobbs. 

In view of the low survival figures obtained in the different egg burial 
experiments, compared to Hobbs' figures, one might be led to ask, "What 
accounts for the difference, if not an unaccounted for loss?" In reply, the 
following facts might be pointed out. (1) In at  least  two  of  the 
experiments cited (Shapovalov and Berrian, 1940; Shaw and Maga, 
1943) varying quantities of silt were brought into the water by storms. 
Conditions in this respect in the experiments of Carl (1940) are not 
known. (2) It seems likely that the same amount of silt carried in water 
in a hatchery trough would settle in greater quantities and cause 
greater mortality than in natural stream water, which would have a 
higher velocity. (3) Losses in experiments may be increased by (a) 
handling of the eggs in counting and burial, (b) introduction of 
Saprolegnia (fungus) and its greater development than would occur 
under natural conditions, (c) improper reproduction of natural conditions 
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(kind and size of gravel, depth and manner of burial, flow of water through 
the gravel). In regard to fungussing, Hobbs (1937) says that "Saprolegnia 
appeared to be the only important factor in the reduction of dead ova from a 
recoverable to an irrecoverable state" and that it was clear in the case of 
trout redds "that the cleaner the redd was the more rapid was the infection of 
the dead ova with fungus." 

Less complete studies made by other workers do not disagree materially 
with the findings of Hobbs. For example, White (1930) obtained a hatch of 
77 percent (342 of 452) eastern brook trout eggs dug from a redd on Prince 
Edward Island immediately after spawning. The losses included eggs that 
died from injuries received when they were removed from the gravel. In 
another test naturally fertilized eggs placed on a screen filled with gravel 
and buried in a redd yielded a hatch of 66 percent. 

In conclusion, it appears to the present writers that if Hobbs' survival 
figures are too high because of unaccounted for loss, the error is probably 
not more than 10 percent of the total; in other words, if this error exists, 
Hobbs' 1940 previously cited average of 90 percent may actually be 
between 80 and 90 percent, which would still make natural reproduction 
under normal conditions quite an efficient process. 

The losses computed by Hobbs (loc. cit.) necessarily  did  not  include 
those that occurred through removal of eggs from the redds, which  is 
caused principally by floods and superimposition. Losses resulting  from 
these two factors will vary tremendously from stream to stream and from 
season to season. Hobbs concludes that the general tenor of  such 
information as is available regarding the extent of losses caused by direct 
flood action "is to suggest that in many streams the chances of flood loss 
are very remote, while in others, while losses occur, they do so only at 
irregular intervals." In Waddell Creek, serious losses probably occur only 
in the case of exceptional floods. Hobbs found super-imposition to be 
general in the streams which  he studied, but was unable to measure the 
extent of losses resulting from displacement of eggs. In Waddell Creek, 
utilization of areas used by earlier spawners has been noted on various 
occasions, but no quantitative estimate of the amount of loss can be made, 
although it is not believed to form a large percentage of all the eggs 
deposited. 

 

Emergence From the Gravel 

Silting, which has been pointed out in the preceding section as the 
principal factor determining the survival rate from deposition and 
fertilization of eggs to hatching, is also probably the principal factor 
determining the survival rate from hatching to emergence from the gravel. 

In various experiments with burial of silver salmon eggs in gravel, it has 
been impossible to segregate survival from time of burial to hatching from 
survival from hatching to emergence, but the  following  percentage 
survivals to time of emergence have been obtained: Harrison (1923) 75; 
Carl (1940) 53.7; Shapovalov and Berrian (1940) 10.2 (heavy  silting); 
Shaw and Maga (1943) 16.2 average (some silting), 1.16 average 
(artificially introduced mining silt). 

From the above figures it is  evident  that  the  percentage  emerging 
may  vary  widely  and  that  it  probably  depends  upon  the  amount  and 
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character of silting. In the presence of silting the heaviest losses prob- 
ably occur in pre-hatching stages.  Shaw  and  Maga  (1943)  found  that 
the artificial introduction of mining silt only during the time that the 
fish had hatched but were still in the gravel results in less severe losses 
(13.4 percent survival) than when the silt is introduced at earlier 
stages. Hobbs (1940) found it to be generally true for the various 
species of salmonids which he studied that the loss between hatching 
and time of emergence was extremely light,  exceeding  1  percent  in 
only one river system. 

In the various experiments cited the  water  in  the  hatchery  troughs 
had a considerably lower velocity than would water in a natural stream 
laden with an equal amount of silt and so it may be that under natural 
conditions the percentage of emergence is rarely as low as was the case 
in some of the experiments. 

Foerster (1944), summarizing studies in two small streams tributary 
to the Cowichan River in British Columbia, reported that the records of 
percentage efficiency of natural propagation in terms of counted  fry 
were: Oliver Creek, 14.4, 11.8, 30.4, 26.0, and 25.6 percent during five 
years, and Beadnell Creek, 40.0, 30.1, and 16.3 percent during  three 
years. 

Again, there is no quantitative basis for estimating the average per- 
centage of silver salmon emerging from the gravel in Waddell Creek, 
but the writers believe that under favorable conditions (principally 
absence of heavy silting) it is high, probably between 65 and 85 per- 
cent of the eggs deposited. There is, of course, no stage in hatchery 
operations directly comparable to the period from time of hatching to 
time of emergence under natural conditions, but under hatchery condi- 
tions the losses during the equivalent period of time normally are light, 
so that hatchery survival to time that silver  salmon  finish  emerging 
from  the  gravel  under  natural  conditions  is  still  between  80  and  90 
percent of the eggs taken. 

The experiments conducted by Shapovalov and Berrian (1940) and 
Shaw and Maga (1943) indicate that the silver salmon fry start emerg- 
ing  from  the  gravel  two  to  three  weeks  after  hatching  and  require  in 
addition two to seven weeks to complete emergence, with peak emer- 
gence occurring within three weeks of hatching. This is probably what 
happens under normal conditions in California coastal  streams. 
Shallow burial, loose gravel, absence of  silt,  and  high  temperatures 
may all be expected to speed emergence, while the opposite conditions 
may be expected to retard it. 

Under normal conditions the fry rarely emerge from the gravel be- 
fore the yolk sac is absorbed. Shallow burial results in premature 
emergence, a fact noted by Babcock (1911). The time  of  peak 
emergence from the gravel approximately coincides with the beginning 
of feeding in the hatcheries. 

Because of the normal long period of emergence, the first fish to 
emerge  have  usually  put  on  considerable  growth  by  the  time  the  last 
fish emerge, despite the fact that the eggs were deposited at the same 
time. 
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In the experiments cited by Shapovalov and Berrian (1940)  appar- 
ently most of the fish emerged at night. It is probable that a similar 
emergence in nature provides the young fish considerable  protection 
from enemies. 

 

Stream Life Prior to Seaw ard Migration 
(General Features) 

At Waddell Creek the only quantitative  data  regarding  numbers  of 
fish were obtained at times of  migration  through  the  trap,  so  the  fol- 
lowing account will necessarily be based on general observations. 

As the young fish emerge from the gravel they seek out and take up 
residence  in  the  shallow  gravel  areas,  especially  at  the  sides  of  the 
stream. At first they tend to congregate in schools, but as time passes 
and the fish grow these schools break up and  the  fish  spread  up  and 
down the stream. Individuals tend to take up  niches, and to drive out 
other  fish  of  approximately  the  same  size  from  their  selected  "terri- 
tories." As in the case of the adults at spawning time, individuals seem 
to recognize the "right" of possession, and it is not uncommon to see a 
fish that has taken up residence in a particular  spot  dart  at  and  drive 
away a larger individual of the same age class without much opposition 
from the intruder. 

The fry in the shallows feed avidly and grow  rapidly  (Table  14). 
They rise to nearly every small object  drifting  downstream  or  falling 
into the water, selecting those that are suitable and rejecting those that 
are not wanted. Following the rise, they return to the original position. 

It is obvious from general observations that following the peak of 
emergence  there  is  a  marked  decline  in  the  numbers  of  fry  in  the 
stream. It will be seen from the following section that very few fish of 
the season migrate to sea, so the losses must occur in the stream. 

Possible causes of losses at Waddell Creek are the following: (1) 
predators, (2) drying stream channels, and (3) disease.15 The proportionate 
losses from these different causes during the first growing season are not 
known, but through a process of elimination one is led to the conclusion 
that predatory fishes make the greatest inroads. Other predators on fish of 
such small size are limited in Waddell Creek and most other California 
streams to garter snakes and the Dipper. These are not present in sufficient 
numbers to be the principal cause of loss at this stage. Many, if not most, 
of the fish taken  by  garter snakes are  those from drying portions  of the 
stream. The fry persist in hugging the shallows even when such areas are 
likely to go dry because of dropping stream levels. In some California 
streams, especially in their lower portions, appreciable losses occur in 
drying side pools and even main stream channels, but in Waddell Creek 
such losses are not of major proportions. Disease is the third possible cause 
of losses at this stage. Normally disease among salmon and trout in natural 
surroundings is not prevalent, It is possible that in 1933-34 furunculosis 
took a certain toll, but disease is not believed to be a principal cause of 
loss of fry in Waddell Creek. 

As the fish grow, they gradually move into deeper water and eat 
coarser food. Around July or August they move into the deeper pools, 

 

15 
In other California streams high temperatures, pollution, and lack of suitable food at times also cause losses, 

but may be eliminated from consideration in the case of Waddell Creek. 
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TABLE 14 

Waddell Creek, Silver Salmon: Growth During First Year of Life, by Two-week Periods 
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TABLE 15 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, by 
Seasons and Weekly Periods 
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Oct. 15-21 2 -- -- -- -- -- -- -- 2 + 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 1 -- -- -- -- -- -- -- 1 + 
Nov. 12-18 10 39 -- -- -- 4 -- -- 53 7 
Nov. 19-25 -- 378 -- -- -- -- -- -- 378 47 
Nov. 26-Dec. 2 -- 81 -- -- -- -- -- -- 81 10 
Dec. 3-9 -- -- 6 -- -- -- -- -- -- 6 1 
Dec. 10-16 1 -- -- -- -- -- -- -- -- 1 + 
Dec. 17-23 -- -- -- -- -- -- 1 -- -- 1 + 
Dec. 24-30 -- 1 5 2 -- -- -- -- 2 10 1 
Dec. 31- Jan. 6 -- -- 17 2 -- -- 5 --  24 3 
Jan. 7-13 -- 2 8 2 -- -- -- -- -- 12 1 
Jan. 14-20 -- -- 17 2 -- -- -- -- -- 19 2 
Jan. 21-27 -- -- 8 -- -- -- -- -- -- 8 1 
Jan. 28 - Feb. 3 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 4-10 2 -- -- 3 -- -- 1 -- -- 6 1 
Feb. 11-17 --  1 3 1 -- 1 -- -- 6 1 
Feb. 18-24 --  -- 1 -- -- -- -- -- 1 + 
Feb. 25- Mar 3 -- 2 1 -- -- -- -- -- -- 3 + 
Mar. 4-10 -- 1 4 -- -- -- 2 -- -- 7 1 
Mar. 11-17 4 -- 8 -- -- -- 1 -- -- 13 1 
Mar. 18-24 3 -- 2 -- -- -- 6 -- -- 11 1 
Mar. 25-31 15 1 1 -- -- -- 3 -- -- 20 2 
Apr. l-7 52 21 -- 1 1 6 -- -- -- 81 9 
Apr. 8-14 239 6 2 -- 1 26 2 -- 2 278 31 
Apr. 15-21 606 49 16 24 5 143 51 2 1 897 99 
Apr. 22-28 910 200 120 16 4 316 102 2 1 1,671 186 
Apr. 29-May 5 909 755 1,086 142 19 163 72 15 49 3,210 357 
May 6-12 415 881 1,327 329 104 157 300 60 149 3,722 414 
May 13-19 143 555 1,278 307 679 24 262 33 161 3,442 382 
May 20-26 61 624 343 132 781 9 425 29 139 2,543 283 
May 27-June 2 27 271 109 87 261 1 366 6 32 1,160 129 
June 3-9 39 131 39 8 48 2 113 1 112 493 55 
June 10-16 -- 21 11 4 5 2 18 -- 32 93 10 
June 17-23 -- 13 1 2 16 -- 4 2 8 46 5 
June 24-30 -- 8 2 -- 1 -- -- 2 6 19 2 
July l-7 1 5 -- -- -- -- 1 -- 5 12 1 
July 8-14 -- 6 -- -- -- 2 -- -- 5 13 1 
July 15-21 -- -- -- -- -- -- -- -- 4 4 + 
July 22-28 1 -- -- -- -- -- -- -- 2 3 + 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- + 
Aug. 12-18 -- -- -- -- -- 1 -- -- 1 2 + 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept 1 -- 2 -- -- -- -- -- -- -- 2 + 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 1 -- -- -- -- -- -- -- -- 1 + 
Sept. 16-22 1 -- -- -- -- -- -- -- -- 1 + 
Sept. 23-30 -- 1 -- -- -- -- -- -- -- 1 + 

Totals 3,430 3,573 4,911 1,067 1,926 852 1,740 152 711 18,36 -- 
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often those with overhanging logs. It appears that about this time the fish 
cease feeding or at least greatly diminish it, since the  growth  rate  slows 
down. Movement of the fish into the holes and cessation of  feeding  and 
growth are associated with  the period of  maximum  stream  temperatures 
and minimum flow. It is of interest that silver salmon in hatchery ponds, 
in which the water volume is constant, also take a greatly diminished 
amount of food beginning about July. This indicates that stream 
temperatures may be the influencing factor in the cessation of feeding in late 
summer. In this connection it may be pointed out that rate of increase or 
relative increase in temperatures, as well as absolute temperatures reached, 
may determine the time and extent of cessation of feeding. 

During the period of heavy rainfall and lowest temperatures, December 
through  February,  feeding  continues  to  be  light  and  growth  negligible, 
according to measurements and scale reading. The stream is often at flood 
stage and turbid during this period. It is therefore difficult to make 
observations in the stream, but judging by counts of fish taken in the traps at 
the dam and such general observations as have been possible, it appears that 
the fish are not swept downstream16 and do not move downstream voluntarily 
in large numbers. 

Following the period of maximum precipitation the fish start making 
extremely rapid growth (March). Rising temperatures at this time of year, 
coupled with an abundance of aquatic food organisms, likely influence the 
fish to resume heavy feeding. The resumption of feeding and growth is 
reflected in the rapid increase in average size of fish, and consequently in 
the structure of the scales. 

Toward the end of March or sometime in April, approximately a year 
following their emergence from the gravel, the fish begin to migrate to 
the ocean. 

Data to be presented in a subsequent section (page 101) indicate that 
there is an inverse correlation between average amount of growth made 
to time of migration and the number of migrants (= total stream 
population of age 1 fish). 

 
Seaw ard Migration of Ju veniles 

During the nine seasons of operation of the trap17, 18,362  juvenile 
silver salmon were checked on  their  downstream  migration.  The 
number taken during each weekly period in each season  is  shown  in 
Table 15. 

Table 16 shows the sizes of the juvenile silver salmon migrating 
downstream, grouped by 5 mm. intervals and two-week periods for the 
nine seasons combined. The same data for the individual  seasons  are 
given in Tables A-4 to A-12 of the Appendix. The length of these fish 
from tip of snout to fork of caudal fin was recorded in mm., measure- 
ment being made to the next highest mm.18

 
 

16 The fish probably make use of backwater and eddies in maintaining their position in the stream. Even after 
the greatest floods, practically no fish have been found in the areas from which the water has receded. 

17 In 1933-34, the first season, the trap was not put into operation until the week of December 3-9. 
18 From May 29th through September 30th of the 1933-34 season and from October 1st through November 20th 

of  the 1934-35 season the fish were measured only as three inches and under or over  three  inches 
(approximately 76 mm. and under or over 76 mm.). This system was in effect during a period when a 
regular observer was not available and the fish were checked by hatchery personnel. The demarcation 
line of three inches was chosen as the approximate line between fish of the season and older fish. 
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TABLE 16 
 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap; Length-frequency Distribution by Two-week Periods, All Seasons Combined 
 

 
 

Length in 
mm. 

 

 
 

21- 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 

 
 
 

* Recorded only as 3 inches or under. † Recorded only as over 3 inches. 
NOTE: In this and other length-frequency tables, the central figure of the three consecutive 
length frequencies representing the greatest total number of fish is printed in bold face type. 
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Scale samples were taken from the great majority of the fish 

during the first six seasons of operation, i .e. , 1933-34 through 
1938-39. Although time permitted reading of only a small portion 
of them, it is evident from  Table  16  that  all  of  the  fish  fall  into 
two groups, representing a very few fish of the season and a large 
number of age 1 fish. Examination of scale samples of the largest 
fish taken and also of fish taken at abnormal migration periods 
confirms this view. Of the 18,362 fish taken  in  the  downstream 
trap, 18,256 were age 1 fish and only 106 age + fish. 

All scales of adult silver salmon taken at Waddell Creek show 
the  fish  to  have  migrated  to  the  ocean  at  age  1.  From  this  and 
general  observations  we  know  that  the  juveniles  go  to  sea  in  the 
same season in which they migrate downstream. It is therefore 
proper to speak of the downstream migration as a  seaward 
migration. Whether  the  very few age +  fish occurring  in the 
migration remain in fresh water until the following season or go to 
sea and perish is not known, but their numbers are so small that it  
is a matter of little consequence. Therefore, this section  of  the 
paper will deal only with the age 1 migrants. 

An examination of Table 16 reveals that there is a distinct 
increase  in  length  of  the  fish  from  the  time  that  they  are  taken 
during the  fall  and  winter as  atypical  migrants  to  the  time  of  the 
beginning of the spring migration. Scale reading shows  that  the 
great majority of the fish in the spring migration have started 
growth of the new season, even in the early part of the migration. 
This fact indicates that the difference in size between the 
abnormally early migrants and those of the regular spring 
migration represents growth taking place in the year class as a 
whole. The early start of the growing season at  Waddell  Creek 
holds good for the  steelhead  as  well  (pages  160-163).  Mean 
lengths of age + and age 1 seaward migrant silver salmon by two- 
week periods for  each  season  are  given  in  Tables  A-13  and  A-14 
of the Appendix. 

The question now arises to  what  extent  the  migration  through 
the  trap  is  representative  of  the  total  downstream  migration  (i.e. ,  
migration through the  trap plus  the  uncounted  migration over the 
dam and migration of fish produced below  the  dam),  as  regards 
time of migration. 
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FIGURE  11.    Juvenile silver salmon and stream steelhead checked through  the  downstream trap  at Waddell  (Creek,  by  weekly  periods,  with 

mean daily stream temperature and flow, 1933-34 season. 
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FIGURE 12.    Juvenile silver salmon and stream steelhead checked through the downstream trap at Waddell Creek, by weekly periods, with 

mean daily stream temperature and flow, 1934-35 season. 
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FIGURE  13.  Juvenile silver salmon and stream steelhead checked through the downstream trap at Waddell Creek, by weekly periods, with mean daily stream temperature 
and flow,  1935-36  season. 
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FIGURE  14.  Juvenile silver salmon and stream steelhead checked through the downstream trap at Waddell Creek, by weekly periods, with 
mean daily stream temperature and flow,  1936-37 season. 
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FIGURE  15.  Juvenile silver salmon and stream steelhead checked  through the downstream trap at Waddell Creek,  by weekly periods, with 
mean daily stream temperature and flow,   1937-38 season. 
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FIGURE  16.   Juvenile silver salmon and stream steelhead checked  through the downstream trap at Waddell Creek, by weekly periods,  with 
mean daily stream temperature and flow,  1938-39 season. 
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FIGURE  17.  Juvenile silver salmon and stream steelhead checked  through the downstream trap at Waddell Creek, by weekly periods, with 

mean daily stream temperature and flow,  1939-40  season. 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 83  
 

 
 

FIGURE  18.  Juvenile silver salmon and stream steelhead checked through the downstream trap at Waddell Creek, by weekly periods, with 
mean daily stream temperature and flow, 1940-41 season. 
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FIGURE  19.  Juvenile silver salmon and stream steelhead checked through the downstream trap at Waddell Creek, by weekly periods, with 

mean daily stream temperature and flow,  1941-42 season. 
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FIGURE 20.    Waddell Creek in flood, about one-half mile above the dam. 

Photograph by Paul R. Needham. 
Nearly all of the downstream migrants passing through the trap were 

taken during April and May, when there was generally  about  three 
times as much water flowing over the dam as through the trap (Figures 
11-19). Thus one would expect that about three-quarters of the down- 
stream migrants  went over the dam (and escaped marking). The  num- 
bers of unmarked and marked returning adults indicate that in normal 
seasons somewhat more than two-thirds of the downstream  migrants 
went over the dam. 

There is no way of knowing if many fish migrated downstream over the dam 
during the period of heavy rainfall (December through March) when the stream was 
often at flood stage and turbid (Figure 20), but general observations at Waddell and 
Scott creeks and data obtained from other streams strongly indicate that there is 
little downstream migration of silver salmon during this period. Part-season 
counts made at the California Department of Fish and Game's Benbow Dam 
Station show that the migration there takes place at approximately the same 
time of year as in Waddell Creek. Studies conducted in 1935 by Taft in a 
diversion ditch from Beaver Creek, a tributary of the Klamath River 160 miles 
above the mouth, indicate that a downstream migration of age 1 silver salmon 
also takes place there during approximately the same period. Catches made in a 
trap at the head of Naha Bay, Revillagigedo Island, southeastern Alaska, in 
1903  and  1904  (Chamberlain,  1907)  indicated  a  heavy  migration  of  silver 
salmon yearlings into salt water in May.19

 
 

19 
Chamberlain  nevertheless  believed  that  "the  greater  part  seek  the  sea  as  soon  as  they  become  free- 

swimming", evidently basing his statement at least in part on a heavy migration of fry in Steelhead Creek 
on Naha Bay in 1904. Chamberlain reports over 1,100 fry taken on May 19, water temperature 48 degrees 
F., with the run reaching its maximum 10 days later, when over 3,000 fry were taken in a single night, and 
continuing "until sometime in July." Chamberlain reports that the fry taken in the trap from May to July 9 
averaged between 37 and 40 mm. in length, with no appreciable increase in size. "The main movement 
was early in the evening, the lifting of the trap at 1.30 a.m. and 9.30 a.m. of the same day showing a catch 
of 2,015 between dusk (about 10 p.m.) and 1.30 a.m. and 50 during the morning twilight." 
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Probably the general period of migration is shown quite accurately in 
Figures 11-19, but it is to be expected that proportionately larger numbers 
than are shown on the graphs migrate downstream in the early stages of 
the migration, when more water is passing over the dam. As the flow 
decreases and the proportion of water passing through the trap increases, 
probably the proportion of fish passing through the trap also increases. 

Variations from the basic pattern as regards time of migration are 
infrequent. The great majority of juvenile silver salmon migrate down- 
stream within a very limited portion of the season, over 95 percent coming 
during the nine-week period April 8-June 9. In all seasons the peak of the 
migration is reached not earlier than the week of April 22-28 and not later 
than the week of May 20-26. 

 
Factors Influencing the Time of Migration and Size at Migration 

In discussing possible factors influencing the time of migration and the 
size of  migrants it will simplify our  analysis to assume that we  have a 
homogeneous population of potential downstream migrants, i.e., that racial 
characteristics or inherent factors such as inherent growth rate are not 
playing a part. In fact, there is no evidence to indicate  that  different 
"races" of silver salmon are present in Waddell Creek. 

Environmental factors which may influence both the time of migra- 
tion and the size of the fish are (a) flow (relative or absolute), (b) 
temperature, (c) chemical factors (e.g., oxygen), (d) light, and  (e) 
food. 

Time of migration may also be influenced by size of fish, while the 
size of the  fish,  conversely,  may  depend upon  the  time  of  migration. 
Most of the environmental factors are related to both time of migration 
and size of fish and also to each other. 

Any of the factors mentioned may be an influencing factor  (the  one 
which as such impels the fish to migrate) or simply an incidental factor, 
correlated with the time of migration but not influencing it. For exam- 
ple, temperature and flow are correlated with each other, but it may be 
that only one is an influencing factor and the other merely an in- 
cidental factor. Actually, it is likely that more  than  one  factor  exer- 
cises an influence during the migration period. One factor may be 
governing or dominating at one time, and another at another time. 

Also, it should be noted that the factors mentioned are not of equal 
magnitude in all portions of the stream at the same time. For example, 
in Waddell Creek and in other California streams in general, proceed- 
ing upstream we find progressively lower temperatures and a progres- 
sively smaller but more constant flow. 

In regard to size of fish and the factors influencing it, the discussion 
will deal with the size distribution within a season, rather than with the 
size fluctuations occurring from season to season in comparable fish. 

From Table 15 we see that the migration as a whole occurs later or 
earlier in some seasons than in others. An examination of Figures 11-19 
reveals that the "early" seasons (notably 1933-34 and 1938-39) are those 
with   generally   low   stream   levels   during   the   migration   period   for 
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the same dates on which in late seasons (notably 1934-35, 1937-38, 1939- 
40. and 1940-41) stream levels were generally high. The effects of the 
absolute stream levels on the time of migration are probably modified by 
rate of drop in stream level, sudden spring freshets, etc. It may be noted that 
there is a similar association between spring water levels and time of 
migration among the steelhead (Figures 11-19). 

It will also be seen from an examination of Table 16 that there is a gradual 
decrease in the average size of the age 1 fish migrating in the spring. (The 
same phenomenon occurs among the steelhead of a given age class; see page 
179.) What actually happens is not known, but the same result could be 
achieved by (1) the larger fish from all portions of the stream migrating first, 
(2) the fish from the lower portions of the stream (on the whole, larger than 
the  fish  from  the  upper  portions,  because  of  more  favorable  growing 
conditions) migrating first, or (3) the fish from all portions of the stream 
starting migration at the same time. For the Atlantic Salmon (Salmo salar) 
British investigators (e.g., Went, 1942) believe that what they call the law of 
"growth for age'' at migration is generally operative: that the quick growers 
migrate first, but that the later migrants are always a little bigger when they 
go to sea than the quicker growers which migrated earlier. It is not evident 
that such a law operates in the case of the Waddell Creek silver salmon (or 
steelhead), since the later migrants are usually smaller than the earlier 
migrants. 

It should also be noted that speed of migration may influence the size 
composition of migrants past a fixed point. For example, if fish from the 
same point in the upper reaches of a stream start their migration at different 
times, as they reach a certain size, but those which migrate later travel at a 
greater speed than those migrating earlier, the later migrants will be smaller 
when they reach a fixed point than were the earlier migrants, providing that 
the same growth rate has prevailed during the time. No evidence is at hand 
to indicate that speed of migration increases within a season in the case of 
juvenile salmon, but various authors have pointed out that in large rivers 
adult salmonids which enter late in the season ascend at a faster rate than do 
those entering early. Speed probably plays a minor role in Waddell Creek 
and other short streams, but may be of importance in the longer ones. 

In some seasons at Waddell Creek a gradual increase in average size of 
downstream migrants precedes the typical gradual decrease, which has 
already been discussed. The initial increase in size is probably due to a 
rapid growth rate outbalancing the conditions which create a decrease. 

The various possible factors influencing time of migration and size at 
migration have been discussed at length in order to emphasize the point 
that even when the downstream migration takes place in a small stream 
and involves a  single age  class,  various fluctuations may be expected. 
Although supporting data are incomplete, it may now be useful to 
develop the following hypothetical picture of the downstream migration 
as regards time of migration and size of fish, and to use this picture until 
such time as portions of it may be proved erroneous. 

The fish are influenced in starting their  downstream  migration  by 
both size and environmental factors. Even if an individual has reached 
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the size at which the group migration begins, that individual tends not to 
migrate downstream unless the proper environmental factors  have  also 
been reached. Conversely, the fish as a group tend not to start their 
migration, even if the proper environmental factors have been reached, 
unless the proper size  has also been reached.  Now, as the approximate 
proper size and general, more or less fixed environmental conditions 
(probably principally light) are reached the fish start migrating 
downstream, with the migration somewhat retarded or advanced by local, 
fluctuating environmental conditions, principally flow and temperatures. 
Lower flow and higher temperatures advance the time of migration. The 
larger fish from all portions of the stream start migrating first. If size is 
an influencing factor, this happens because these fish have reached the 
approximate "migration size." If environmental factors dominate, this 
happens because the larger fish in each pool are the first to be affected by 
the diminishing volume. Also, proportionately more fish from the lower 
portions of the stream, with the more favorable growing conditions, have 
reached the approximate migration size, and so are more heavily 
represented in the early part of the migration than those from the upper 
portions. Decreasing average size at a fixed point, such as  the  dam, 
results both because the larger fish from all portions of the stream 
migrate first and because the fish from the lower portions of the stream 
migrate first. Fluctuations in  growing  conditions  both  before  and  after 
the start of migration further vary the pattern of the size composition of 
the migrants through the period of migration, in proportion to their 
magnitude. Despite variations caused by seasonal conditions, within any 
season 95 percent of the migrants passed the dam during the nine-week 
period April 8 to June 9 at age 1 and at an average size of from 103.11 to 
116.61 mm. 

The significance of the time of  migration  in  regard  to  management 
will be discussed on pages 266-267. 

 
Characteristics of the Migration 

The migrating fish move downstream in schools. The  size  limits  of 
these schools have not been determined, but those seen were composed 
of some 10 to 50 individuals. It is possible that their size is influenced 
by the size of the stream and the total population of migrants. It is likely 
that individuals of the same general size school together. 

Quantitative observations were not made in regard to diurnal dis- 
tribution of the migration. General observations indicate that most fish 
move downstream in the night or twilight, although some  may  move 
down during the day. 

In approaching irregularities in the stream, such as falls or barriers, 
that break up the regular pattern of flow,  the  schools  "play  around," 
often spurting upstream from the falls several times before being carried 
over them as a group. 

Sufficient numbers of downstream migrants have not been sexed to 
determine  quantitatively  the  representation  of  sexes,  but  the  sex  ratio 
among the returning adults indicates that approximately a 1:1 sex ratio 
exists among the downstream migrants. 

General color notes were taken for a number of the 1933-34 season 
migrants.  They  indicate  that  the  parr  marks  were  prominent  in  the 
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earliest migrants of the spring migration (March). As the season progressed, 
the fish became more "silvery," with parr marks barely visible. Forty-three 
fish taken April 4-7, inclusive, ranging in length from 102 to 128 mm., were 
recorded as being "silvery but with parr marks visible". 

 
Sea Life 

The extremely rapid growth made in the sea,  as  compared  with  that 
made in fresh water, is well known and has been directly observed at 
Waddell Creek by measurements of juveniles descending to the sea and 
of fish of the same year classes returning to spawn in the following and 
in the second seasons. Since the seaward migration consists almost 
entirely of one age class and since the periods covered by both the 
seaward and spawning migrations are fairly compact, each being 
concentrated in two months, it is possible to obtain an accurate picture of 
the growth made (Figure 21). 

Little is known regarding the movements of silver salmon in the sea. 
Only a very few marked Waddell Creek fish have been reported caught 
at  sea,  by  either  commercial  fishermen  or  sports  anglers.  Marked 
salmon from Waddell Creek have been caught off Fort  Bragg,  200 
miles to the north (Taft, 1937). A single marked salmon from Waddell 
Creek was taken by a sports angler at the mouth of  the  San  Lorenzo 
River, 20 miles to the south.  It  is  evident  from these  records  that all 
fish  do  not  simply  remain  near  the  mouth  of  the  stream  from  which 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE  21.      Growth of Waddell Creek silver salmon. 
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they migrated, but may travel considerable  distances.  To  what  extent 
fish as adults return to that stream or stray to other streams will be 
discussed in the following section of this paper. 

Although it has been seen that silver salmon travel considerable dis- 
tances along the coast, this does not mean that they travel equal 
distances directly away from the coast. Along the California coast the 
continental shelf extends approximately 100 miles from the shoreline, 
and there is some evidence to indicate that all of the anadromous sal- 
monids remain within its limits. 

Probably the young salmon, on first migrating to the sea,  remain 
fairly close to the shoreline. Very little is known regarding how soon 
and to what extent they begin to  spread  out,  but  after  a  few  months 
they begin to be taken at various points at sea, sometimes in large 
numbers away from the mouth of any stream possessing a run of 
consequence. 

Considerable evidence gathered by various  agencies  indicates  that 
the migrations of the various Pacific salmons take place in the form of 
mass movements. As one example, let us consider Monterey Bay, where 
for many years there has existed a considerable fishery for both king 
salmon and silver salmon. At times the ratio between these species 
changes rapidly and in orderly progression within a limited area, indi- 
cating the influx of one species and the departure of the other. 

Also on the basis of the similar pattern of ocean growth reflected in 
the scales of king salmon marked and liberated in the Klamath River as 
a single lot but taken at widely scattered points in the ocean at 
different times, Snyder (1924) inferred that "king salmon after entering 
the ocean may remain together in the same  locality  or  migrate  in  the 
same school for one or more years, possibly throughout life." It is not 
improbable that silver salmon exhibit similar behavior. 

Little is known of the extent to which silver salmon from different 
streams mix while at sea. Marked king salmon from both the Klamath 
and the Sacramento river systems, hundreds of miles apart, have been 
caught off Fort Bragg, and also in Monterey Bay (Snyder 1921b, 1923, 
and 1924). It is fairly certain that masses of silver  salmon  from  dif- 
ferent streams visit some of the same areas at sea. 

Basing his statements largely on collections of the ALBATROSS in 
Alaskan waters in various years, Chamberlain (1907) has the following 
to say regarding silver salmon upon entrance into salt water: 

"From the above data it is seen that the cohos remain for some 
months about the shores near the streams whence they issue. They may 
be found about the mouths of the streams  in  brackish  water  perhaps 
soon after their descent of the stream. It may be they remain about the 
streams for a time to accustom themselves to the salt water, but this is 
not evident in case of the fry. The sea-run examples are readily 
distinguished by the silvery appearance and usually by the  greater 
depth of body which follows habitual distension of  the  stomach.  In 
some cases, while near in shore, insects appear to continue a  staple 
article of diet, as in the fresh water. The cohos feed less on Crustacea 
than the sockeyes, perhaps inhabiting slighter depths; correlated to this 
is the abundance of small fishes found in their stomachs—sticklebacks 
in brackish water and herring and sand launces in more open regions. 
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"From the catches at Naha and Yes bays it would seem that the cohos 
continue to school after reaching salt water. The results of the seine hauls 
indicate that the different species of salmon school together, or at least in 
the same waters." 

Regarding the approach of silver salmon to land, on their way to the 
spawning grounds, Chamberlain (1907) states: 

"The presence of salmon can be noted only by their habit of leaping from 
the water as they approach the land. It is often possible by this means not 
only to recognize the presence of a school, but also to distinguish the 
species. In jumping, salmon do not leave the water with their ventral 
surface downward, as do flying-fishes. They  always  jump  sidewise  with 
one side at an acute angle to the water surface. . . . Cohos usually leave the 
water entirely, falling back on the caudal peduncle held rigid with the fin 
directed upward. The tail may then drag through the water a short distance 
till the fish falls on its side and disappears.'' 

 
Homing and Straying 

Considerable discussion exists in the literature regarding "homing" among 
anadromous members of the salmon family—its existence, significance, and 
causes. It is the opinion of the present writers that evidence obtained through 
marking experiments carried out by scientific workers in this and other 
countries has  established as  a fact the  existence of such  homing. Briefly, 
young salmonids which descend from fresh water to the sea return to their 
"parent stream" for spawning purposes. (Young fish artificially hatched and 
liberated return to the stream in which they were liberated, not to the stream 
to which their parents returned or in which they were hatched.) For a review 
of the subject of homing in trout and salmon and the important literature 
concerning it, the reader is referred to a paper by Shapovalov (1941b). 

Taft and Shapovalov (1938) presented preliminary data for the extent of 
homing and straying among silver salmon between Waddell  Creek  and 
Scott Creek, 4¾ miles apart. Table 17 shows the complete figures for the 
six seasons of marking (1933-34 through 1938-39) and the seven seasons 
for which returns were possible (1934-35 through 1940-41).20

 

Fish listed as returning include only those taken at the traps in  each 
stream, to obtain as nearly comparable a basis as possible. Males and 
females have been grouped together in the table, since no significant sexual 
differentiation has been revealed in the straying fish  as  compared  with 
those of the same year class returning to their parent stream. It should be 
kept in mind that the fish marked and liberated in Scott Creek were 
hatchery-reared. 

From Table 17 it is seen that during the entire period  31421  (85.1 
percent) of the fish marked at Waddell Creek returned there and 55 (14.9 
percent)  strayed  to  Scott  Creek.  Of  those  marked  at  Scott  Creek,  41 
(73.2 percent) returned there and 15 (26.8 percent) strayed to Waddell 
Creek.    The    percentage    of    straying    is    considerably    larger    than 

 

20 
Returns  for  marking  done  at  Waddell  Creek  in  1931  and  at  Scott  Creek  during  the  1932-33  season  are 

omitted, because of incomplete records at Scott Creek in 1933-34 and 1934-35. 
21 

Excluding seven fish returning to Waddell Creek during the 1934-35 season, since strays to Scott Creek for 
that season were not available for comparison. 



92 FISH BULLETIN NO. 98 

 

  
Mark 

 
Returned to Waddell Creek  

1934-35 1935-36 1936-37 1937-38 1938-39 1939-40 1940-41 1934-35 1935-36 1936-37 1937-38 1938-39 1939-40 1940-41 

 

 
92 FISH BULLETIN NO. 98 

 
TABLE 17 

 
Waddell and Scott Creeks: Homing and Straying of Marked Silver Salmon 

 

Place and 
season of 
marking 

Returned to Scott Creek 

 

Waddell Creek 
 

1933-34 Ad-RP 7 20 (83%)  
96(78%) 

 

 
26 (74%) 

 

 
 

48 (86%) 
10 (91%) 

 
 

 
90 (99%) 

 Poor 4 (17%)  
27 (22%) 

 

 
9 (26%) 

 

 
 

8 (14%) 
1 ( 9%) 

 
 

 
1 (1%) 

 
1934-35 Ad-LP 15 (79%) record 4 (21%) 
1935-36 Both P 0 during 0 
1936-37 
1937-38 

Ad-RP 
Ad-LP 

9 (90%) 1934-35 
season 

1 (10%) 

1938-39 
Scott Creek 

 

1933-34  

 
 
Both V 

    
 

 
 

0 

 

 
 

0 

 
 
 
 

0 

 
 

Poor 

   
 

 
 

0 

 

 
 

1 (100%) 

 
 
 
 

1† (100%) 

1934-35 
1935-36 
1936-37 Record 
do Both P 0 0 During 0 0 
do 
1937-38 

Ad-LV 
Ad-RV 

0 
0 

3 (100%) 
1(12%) 

1934-35 
season 

0 
4 (100%) 

0 
7 (88%) 

1938-39 Ad-Both V 6(32%) 5*(25%) 13 (68%) 15 (75%) 
 

* One additional doubtful return, marked Both V only. 
† Possibly the RV fin was missed in marking and the fish was from the Scott Creek lot marked Ad-Both V in 1938-39. 
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that among steelhead, as will be seen from the comparable section for 
the latter species (page 197). Whether or not  this  characteristic  pre- 
vails throughout the range of the species is not known. 

A further inspection of Table 17 indicates that there is a fairly close 
correspondence as to the rate of straying among the fish of a given brood 
season (and mark) returning during the course of two seasons, i.e., as age 
1/1 males (grilse) in the first season following marking  and  as  age  1/2 
males and females in the second season following marking. It is also seen 
that this correspondence is closer than that between age 1/1 males and 1/2 
males and females of two successive brood seasons and markings returning 
in the same season. Thus, it appears that the rate of straying from a given 
stream is fairly constant for a given year class, but may vary considerably 
from year class to year class, and consequently from the total run entering 
in one season to the total run entering in another season. 

From the above data and discussion it appears likely that the rate of 
straying from Waddell Creek to Scott Creek and vice versa may vary to 
some extent with each year class. If this is the case the various calculated 
survivals which are based partly on unmarked fish of unknown origin are 
affected. In the section on "Survival" (page 97) it will be seen that the year 
class at Waddell Creek which resulted in the most straying to Scott Creek 
also resulted in the lowest survival at Waddell Creek (brood season 1934- 
35), while the two year classes that resulted in the least straying to Scott 
Creek also resulted in the two highest survivals at Waddell Creek (brood 
seasons 1935-36 and 1936-37). However, since data on straying of marked 
fish both from Waddell Creek to Scott Creek and from Scott Creek to 
Waddell Creek are not available for the whole period of the experiments, it 
was decided that for the purpose of the present studies it was most 
satisfactory to assume that the rate of straying between the two streams 
was the same 

Even if the rate of straying between the two streams is the same, 
differences  in  the  numbers  of  strays  contributed  by  each  stream  would 
result  from  different  numbers  of  returning  adults  of  a  given  year  class 
produced by each stream. An attempt at calculation of the size and 
composition of the total runs into Scott Creek in  different  seasons  was 
made, but the data seemed inadequate to the extent that calculations based 
on them might result in greater errors than calculations based on the 
assumption of equal straying. 

It is not considered probable that streams other than Scott Creek have 
contributed sufficient strays to alter the survival figures appreciably. The 
San Lorenzo River, 13.5 miles to the south of Scott Creek, possesses a run 
of silver salmon, but no marked Waddell or Scott Creek fish have been 
taken at the egg collecting station on that stream,22 shown in Figure 3. 
Neither have any marked silver salmon from Waddell or Scott creeks been 
taken by the numerous San Lorenzo River anglers, except for one female 
of the 1936-37 year class (marked Ad-LP at Waddell Creek) taken "at the 
mouth" on December 1, 1939. Since it is not known whether this fish was 
taken inside the mouth of the San Lorenzo River or outside the mouth, it 
cannot be treated as a stray. 

 
22 The station is now abandoned. 
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Other marked Waddell silver salmon have been reported caught by 
anglers in the surf or offshore along the Santa Cruz County coast, 
usually in November. For example, a fish of the 1933-34 year class 
(marked Ad-LP at Waddell Creek) was taken in the surf at the mouth of 
Soquel Creek in November, 1936, and "quite a few" were reported being 
caught in that vicinity at the same time. Without further evidence, these 
fish cannot be treated as strays. 

Between Scott Creek and the San Lorenzo River are several small 
streams, namely, San Vicente, Liddell, Respini, Laguna, Coja, Baldwin, 
and Medler creeks; these streams support few, if any, salmon. No 
marked fish have been reported from any of these streams, although no 
facilities to secure returns were in operation and any reports would have 
resulted from chance catches made by anglers. 

To the north of Waddell are three small streams, Finny, Año Nuevo, 
and Whitehouse creeks, which probably do not have salmon runs. Gazos 
Creek, 6¾ miles north of Waddell, and Pescadero Creek,  14.5  miles 
north, both have salmon runs, but again, no marked Waddell fish have 
been reported from these two localities, where no special facilities  to 
secure returns were in operation. 

In the preceding discussion we saw that apparently the rate of straying is 
fairly constant for fish returning in different seasons but resulting from a 
single year class. From this it appears that by the time adults first start 
returning (as 1/1 males) the amount of straying that will result has already 
been determined and is more dependent upon conditions existing up to that 
time than on conditions existing at the time of entry into the streams for 
spawning. Until contradictory evidence is presented, it appears satisfactory 
to set up the hypothesis that conditions existing at the time of the migration 
to the ocean determine the amount of straying that will take place one and 
two seasons later. What these conditions are, it has not been found possible 
to state definitely on the basis of the data which are available and have been 
analyzed, but it appears worthwhile to call attention to certain possibilities. 
(1) There is a tendency toward a positive correlation between size of 
downstream migration and rate of straying. (2) There is a tendency toward a 
negative correlation between average size of fish at downstream migration 
and rate of straying. In other words, the greater the number of downstream 
migrants and the smaller the size of downstream migrants, the greater is the 
amount of straying. Possible explanations for these correlations may be 
advanced. One is that an unusually large number of downstream migrants 
attracts predators out of proportion to the average, with the result that the 
fish entering the ocean are rapidly scattered or in some other way affected so 
they do not return to their home stream in average numbers. Another is that 
unfavorable growing conditions (resulting in small size of fish) in some way 
affect the fish so they do not return to their home stream in average 
numbers. It must be emphasized that the significance of these tendencies has 
not been established; it would be of interest and profitable to carry out 
marking experiments planned to test the indicated tendencies. 

It was pointed out in the previous section that upon descending to 
the ocean the young fish do not simply remain near the mouth of the 
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stream of liberation, but may wander great distances. In answer to the view 
that such fish are "lost" and will not return to the parent stream, and that 
only fish which remain under the influence of water from the parent stream 
will return to it, it is pointed out that the mouths of most California silver 
salmon streams are closed by sand bars during the summer months and that 
in some cases the lower courses of the streams are entirely dry, so that no 
fresh water reaches the ocean. 

One other phase of homing remains to be considered, and  that  is  the 
extent to which fish returning to the parent stream return to the same portion 
of the stream. For Waddell Creek, an attempt to determine this matter was 
made on the basis of the distribution of marked and unmarked adults within 
the stream. The problem was made difficult by the fact that only fish which 
had completed spawning could be used with certainty, with the result that 
the numbers available for comparison in any one season were too small to 
obtain conclusive evidence. In view of this and the fact that some spent 
marked fish were found below the dam, for the purposes of the  present 
studies the proportion of marked to unmarked fish has been considered to be 
the same above and below the dam. 

 
Survival 

Since nearly all of the silver salmon migrate downstream at age 1 and go 
to sea in the same season, and since they spawn only once, it is relatively 
simple to calculate survival to maturity at Waddell Creek either from eggs 
produced (over-all survival) or from downstream migration (secondary 
survival). 

Over-all survival, without a breakdown into survival at intervening 
stages, is shown in Table 18. It is seen that the survival varies from 0.02 to 
0.30 percent for the six seasons for which complete returns were possible, 
with a mean of 0.13 percent.23

 

 
 

TABLE 18 

Waddell Creek, Silver Salmon: Over-all Survival 
 

 
Season Spawning 

female 
Total egg 

production 
Returned as adults Percentage 

survival 1/1♂ 1/2 ♂ 1/2 ♀ Total 

1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
Totals 

222 
309 
59 

157 
37 
56 

840 

560,690 
725,014 
141,233 
377,352 
91,728 

130,074 
2,026,091 

85 
4 

34 
24 
62 
71 

280 

153 
70 
40 

105 
102 
124 
594 

157 
37 
56 

150 
115 
129 
644 

395 
111 
130 
279 
279 
324 

1,518 

0.07 
0.02 
0.09 
0.07 
0.30 
0.25 
0.07 

Mean * 0.13 

* Mean of seasonal percentages. 
 
 

23 
In Table 18 and subsequent tables dealing with survival of both silver salmon and steelhead, calculations 

have been made of (1) the total percentage of survival, and (2) the mean of seasonal percentages  of 
survivals. The former is based on total numbers for all seasons, with the survivors under discussion 
considered as a  percentage of  the fish or eggs  from which  they originated. In each  instance only the 
mean percentage of survival is noted in the text. This figure is probably the more significant one, the 
assumption being that the seasonal percentage survivals are representative for the individual seasons. 
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One of the striking features to be noted in Table 18 is the inverse 
correlation between the total egg production and the survival percentage. 
The fact that the same phenomenon is encountered for steelhead (pages 204- 
205 and Table 58) indicates strongly that the correlation is not due to chance 
but is real. 

In Table 18, the numbers of spawning females are the estimated total 
numbers in Waddell Creek in each season, including those checked upstream 
through the trap, the dam jumpers, and those spawning below the dam. It 
was necessary to include all three groups for the reason that in calculating 
survival from eggs deposited it was impossible to recognize the fish 
produced by one group from those produced by another group. Survival may 
also be calculated on the basis of marked fish, and this is done on pages 97- 
101, but such survival dates from time of downstream migration (i.e., time 
of marking) and not from time of egg production. 

In calculating the number of eggs deposited by each spawning run, the 
number of eggs produced by each fish was calculated on the basis of the egg 
number-fish length relationship previously established (pages 59-62) and 
shown in Figure 10. The lengths of all fish checked upstream were,  of 
course, known. Egg production estimates for fish jumping upstream over the 
dam and for those spawning below the dam were based on fish lengths when 
known. For the remaining fish they were based on the average egg 
production for fish  checked  upstream  through  the  trap. This is  shown  in 
Table 19. 

For purposes of estimating survival, fish straying from other streams to 
Waddell  Creek  were  included,  i.e.,  it  was  assumed  that  the  straying  of 
surviving fish to and from Waddell Creek had been equal. 

 
TABLE 19 

Waddell Creek, Silver Salmon: Estimate of Total Egg Production, by Seasons 
 

 
 

Season 

Females checked 
through upstream trap 

Females jumped over 
dam 

 

 
Total egg 

production 
above dam 

Females spawning 
below dam 

 
Total 

Waddell 
Creek egg 
production 

 
Number 

 
Egg 

production 

 
Number Egg 

production 

 
Number Egg 

production 

1933-34 177 449,675 25 61,675 511,350 20 49,340 560,690 

1934-35 287 675,492 2 4,502 679,994 20 45,020 725,014 

1935-36 39 94,053 0 -- 94,053 20 47,180 141,233 

1936-37 107 259,350 0 -- 259,350 50 118,002 377,352 

1937-38 22 51,243 0 -- 51,243 15 40,485 91,728 

1938-39 40 95,271 0 -- 95,271 16 34,803 130,074 

1939-40 126 334,353 0 -- 334,353 24 61,968 396,321 

1940-41 105 236,406 0 -- 236,406 10 21,480 257,886 

1941-42 77 147,945 2 3,714 151,659 50 92,850 244,509 

Total 980 2,343,788 29 69,891 2,413,679 225 511,128 2,924,807 

Seasonal 
means 

 

109 
 

260,421 
 

3 
 

7,766 
 

268,187 
 

25 
 

56,792 
 

324,979 
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The previous discussion of survival and the accompanying tables have 
included both marked and unmarked fish. Now considering survival  
among marked fish, we are able to increase our insight into the 
processes that take place, since possible errors resulting from straying 
are eliminated. 

 
Survival of Marked Waddell Creek Silver Salmon 

Table 20 shows the number of downstream juveniles marked (as age 1 
fish) in each season, and the number of these marked fish that returned to the 
trap as adults. Marked Scott Creek strays, fish marked in Waddell Creek in 
1931-32, and all unmarked fish have been excluded, since none of them is 
comparable to those marked on a downstream migration. 

From Table 20 it is seen that the percentage of survival from time of 
downstream migration varies from 0.6 to 5.4, with a mean of 2.3. It must be 
noted that these figures are based only on marked adults returning to the 
trap,  and  that  some  additional  marked  adults  returned  to  the  stream  but 
spawned below the dam. It is of interest that there is a tendency toward an 
inverse  correlation  between  the  number  marked  and  the  percentage  of 
returning adults, with the lowest survival rate resulting from the greatest 
number  marked  and  the  highest  survival  rate  resulting  from  the  smallest 
number marked. The significance of this phenomenon will be discussed later 
in this section. 

A comparison of Table 20 with Table 76 for the steelhead indicates basic 
similarities  as  regards  survival.  The  average  return  to  the  trap  from  the 
number marked at the same age (1) is much the same for both species (2.3 
percent  for  silver  salmon  and  2.4  percent  for  steelhead).  There  is  also  a 
rough correlation between the season of marking and the survival, when 
salmon and steelhead of the same age (1) are compared. However, survival 
does not appear to be correlated with the mark given, as such. The same 
mark used on silver salmon in different seasons (Ad-RP) resulted in both a 
survival much above average and one much below average. 

In the preceding pages we have determined the survivals from eggs 
deposited to returning adults for the stream as a whole and from downstream 
migrants to adults returning to the trap for marked fish. In order also to 
determine the survival from eggs deposited to downstream migrants (primary 
survival) it is necessary to know the total number of downstream migrants, 
including those that went over the dam uncounted and those that were 
produced below the dam. The total number of downstream migrants was 
calculated by applying the ratio of marked to unmarked fish  among  the 
adults of a given brood year (returning during the course of two seasons) to 
the marked downstream migrants of the same brood year.24  The total 
downstream migrants were then expressed as a percentage of the eggs 
deposited for each brood year. 

Table 21 shows the ratio of marked to unmarked adults among the age 
1/1 and 1/2 fish, respectively, resulting from each brood season and the 
division according to this ratio of the fish of the same life history 
categories estimated to have spawned below the dam. 

 

24 "Unmarked" fish include marked strays from Scott Creek. 
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TABLE 20 

 

Waddell Creek, Silver Salmon: Secondary Survival of Marked Fish 
 

 

 
 

Brood season 

 
 

Season 
of 

marking 

 

 
 

Mark 

 
 

Number of 
juveniles 
marked 

 
Marked fish returning to trap as adults 

 

 
Per-centage 

survival 
 

First season 
 

Second season 
 

Total 

 
♂ 

 
♀ 

 
♂+♀ 

 
♂ 

 
♀ 

 
♂+♀ 

 
♂ 

 
♀ 

 
♂+♀ 

1932-33 

1933-34 

1934-35 

1935-36 

1936-37 

1933-34 

1934-35 

1935-36 

1936-37 

1937-38 

Ad-RP 

Ad-LP 

Both P 

Ad-RP 

Ad-LP 

3,202 

3,481 

4,392 

1,059 

1,895 

7 

15 

0 

9 

10 

-- 

-- 

-- 

-- 

-- 

7 

15 

0 

9 

10 

11 

52 

20 

19 

40 

9 

44 

6 

29 

50 

20 

96 

26 

48 

90 

18 

67 

20 

28 

50 

9 

44 

6 

29 

50 

27 

111 

26 

57 

100 

0.8 

3.2 

0.6 

5.4 

5.3 

 
Totals   

14,029 
 

41 
 

-- 
 

41 
 

142 
 

138 
 

280 
 

183 
 

138 
 

321 
 

3.1 

Mean 2.3 
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TABLE 21 

Waddell Creek, Silver Salmon: Entire Spawning Runs From Five Brood Seasons, Ratio of Marked to Unmarked Fish * 
 

 
 
 
Brood season 

 
 

 
1932-33 

 

1933-34 
 

1934-35 
 

1935-36 
 

1936-37 

1/1  ♂ 1/2  ♂ + ♀  

 
All returning adults  

Checked through upstream trap 
 

Run below dam 
 

Checked through upstream trap 
 

Run below dam 

Marked 

7 

15 
 

0 
 

9 
 

10 

 
Un- 

marked 
 

14 
 

41 
 

3 
 

11 
 

7 

 
Ratio 

 
33.3:66.7 

 

26.8:73.2 
 

0:3 
 

45.0:55.0 
 

58.8:41.2 

Total 

1 

29 
 

1 
 

14 
 

7 

Marked 

0 

8 
 

0 
 

6 
 

4 

 
Un- 

marked 
 

1 
 

21 
 

1 
 

8 
 

3 

Marked 

20 

96 
 

26 
 

48 
 

90 

 
Un- 

marked 
 

52 
 

115 
 

38 
 

21 
 

124 

 
Ratio 

 
27.8:72.2 

 

45.5:54.5 
 

40.6:59.4 
 

69.6:30.4 
 

42.1 : 57.9 

Total 

37 

99 
 

43 
 

27 
 

41 

Marked 

10 

45 
 

17 
 

19 
 

17 

 
Un- 

marked 
 

27 
 

54 
 

26 
 

8 
 

24 

Marked 

37 

164 
 

43 
 

82 
 

121 

 
Un- 

marked 
 

94 
 

231 
 

68 
 

48 
 

158 

Total 

131 

395 
 

111 
 

130 
 

279 

 
Totals 

 
41 

 
76 

 
-------- 

 
52 

 
18 

 
34 

 
280 

 
350 

 
--------- 

 
247 

 
108 

 
139 

 
447 

 
599 

 
1,046 

 
* No salmon from these five brood seasons jumped over the dam. 



100 FISH BULLETIN NO. 98 

TABLE 22 

 

 

 
 
 

Brood season 

 
 
 

Total egg 
production 

 
Returning adults 

 
Downstream migrants  

 

 
 

Total 

 

 
 

Marked 

 

 
 

Unmarked 

 
Ratio 

Marked 
To 

unmarked 

 

 
 

Marked 

 

 
 

Estimated total 

 
Primary 

(Eggs to down- 
stream 

migrants) 

 
Secondary 

(Downstream 
migrants to 

adults) 

 
 

Over-all 
(Eggs to adults) 

1933-34 560,690 395 164 231 1:1.41 3,481 8,389 1.50 4.71 0.07 

1934-35 725,014 111 43 68 1:1.58 4,392 11,331 1.56 0.98 0.02 

1935-36 141,233 130 82 48 1:0.59 1,059 1,684 1.19 7.72 0.09 

1936-37 377,352 279 121 158 1:1.31 1,895 4,377 1.16 6.37 0.07 

 
Totals 

 
1,804,289 

 
915 

 
410 

 
505 

 
1:1.23 

 
10,827 

 
25,781 

 
1.43 

 
3.55 

 
0.05 

Seasonal 
means 

 
451,072 

 
229 

 
103 

 
126 

 
1:1.22 

 
2,707 

 
6,445 

 
1.35 

 
4.95 

 
0.06 

 

 
Waddell Creek, Silver Salmon: Primary, Secondary, and Over-all Survival 

 

Percentage survival 
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From Table 22 it is seen that for the four brood seasons (1933-34 
through 1936-37) for which figures are possible the percentage of 
survival from eggs deposited to downstream migrants is fairly constant, 
varying from 1.16 to 1.56, with a mean of 1.35. These figures indicate 
that within the limits of conditions encountered during the above four 
seasons the number of downstream migrants is approximately propor- 
tional to the number of eggs deposited. 

From Table 22 it is also seen that the estimated percentage of survival 
from downstream migrants to returning adults for the stream as a whole 
varied markedly, from 0.98 to 7.72, with a mean of 4.95. It will be noted 
that there is an inverse correlation between the number  of downstream 
migrants and the percentage of return as adults. If this inverse correlation 
is generally representative and not due to chance conditions occurring 
during the  seasons  under  discussion,  it  appears  that  the  most  plausible 
explanation for the phenomenon is that the greater the concentration of 
fish, the more likely are predators to be attracted to them, and the 
proportionately greater are the inroads made on the fish. The tendency 
toward an inverse correlation between the number of fish marked and 
number surviving (page 97) probably resulted only because the number 
of fish marked also was roughly proportional to the number of fish in the 
total downstream migration. 

From  data  presented  in  the  section  on  "Homing  and  Straying"  (page 
93) it was seen that it appears likely that the rate of straying from 
Waddell Creek to Scott Creek and vice versa may vary to some extent 
with each year class. If this is the case the various calculated survivals 
which are based partly on unmarked fish of unknown origin are affected. 
The year class at Waddell Creek which resulted in the most straying to 
Scott Creek also resulted in the lowest survival at Waddell Creek (brood 
season 1934-35), while the two year classes which resulted in the least 
straying to Scott Creek also resulted in the two highest survivals at 
Waddell Creek (brood seasons 1935-36 and 1936-37). Calculated 
survivals are probably also affected to some extent by differences in 
numbers of strays contributed by each stream resulting from different 
numbers of returning adults of a given year class produced by each 
stream, irrespective of rate of straying. 

One other interesting fact may be derived from Table 22. A com- 
parison of the total numbers of  downstream  migrants  with the average 
size of  downstream migrants (Appendix, Table A-14) indicates that  an 
inverse correlation exists between the two. 

 
Pathology 

 
Diseases 

As a rule disease is not prevalent among trout and salmon in  their 
natural environment. Occasionally epidemics occur, often in the presence 
of unusual environmental conditions, such as abnormally high water 
temperatures. Under such conditions one or more  disease  organisms, 
most frequently protozoa or bacteria, which probably have been present 
in small numbers, may flourish and cause considerable mortality. 

High temperatures and adverse chemical conditions may in themselves 
cause   loss   of   vitality   and   mortality,   but   strictly   speaking   are   not 
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diseases, and generally speaking do not occur in the natural environment 
of trout and salmon. Such conditions are more apt to occur in impounded 
and polluted waters. 

In hatcheries and rearing ponds, in which the fish are concentrated to 
a far greater extent than in their natural environment, diseases are much 
more common. 

At Waddell Creek there has been no known loss of silver salmon 
because of high temperatures or lack of oxygen, and very little evidence 
of disease causing mortality. 

A disease believed to be furunculosis caused some mortality among 
unspawned steelhead at Waddell Creek during the course of the ex- 
periments (see pages 239-241). However, practically all of the silver 
salmon females are believed to have succeeded in spawning more or less 
completely before dying, so if this disease has been present among the 
adults it has not materially affected deposition of eggs. 

The extent of losses from this disease among the juvenile salmon is 
not known exactly, but observations on the downstream migrants in the 
tanks have revealed very little evidence of this disease, and observations 
on the stream have not shown large numbers dead at any time. 

In 1933-34 abnormally large numbers of dead fish, including juvenile 
silver salmon, adult and stream steelhead, sculpins, and  sticklebacks, 
were found in the trap and in the stream both above and below the dam. 
Some of the salmonids had red spots on the  body,  particularly  at  the 
bases of the fins, and were believed to be infected with furunculosis. 
However, many of the salmonids and nearly all of the sculpins and 
sticklebacks found dead showed no external signs of disease or injury, so 
it is very difficult to assess even the proportionate mortality from 
different causes. There is also no way of determining the total number 
that died, since we do not know what percentage of the fish that died in 
the stream was found. It is of interest that during the same season 
abnormally large numbers of other animals,  mostly  rodents  (rats, 
gophers, etc.) were found dead in the streams. The relation to the dead 
fish is not known. In any case, however, it seems evident that some 
condition in the stream, either a disease organism or organisms or some 
condition of the water, caused abnormal mortality among  the  juvenile 
silver salmon and other fishes. 

During the 1933-34 season the trap itself was apparently a source of 
mortality. In that season 171 dead juvenile silver salmon were removed 
from the trap and an additional 67 dead marked juveniles  were  found 
below the dam. Most of these were probably killed or injured by the 
buffeting they received in the trap. Yearling silver salmon were found to 
be helpless in turbulent water in which steelhead of the same size could 
easily maintain themselves. When this  was  discovered  the  downstream 
trap was modified to reduce turbulence.  In  the  succeeding  eight  years 
only 60 juvenile silver salmon were found dead in the trap. 

Fungus (Saprolegnia parasitica) is present in all or practically al l  
trout and salmon streams; it is a secondary infection which gains a 
foothold on breaks in  the  skin  caused  by  mechanical  injury  or 
disease. It is very common in the form of white patches on spawning 
and spent  adult  Pacific salmon. Under  normal  conditions it  does not 
cause   much   damage   to   salmonids   in   their   natural   environment. 
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As a rule many of the downstream migrant yearlings possess from a 
few to many cysts under the skin on the sides of the body, but otherwise 
appear to be in good condition. These cysts, which appear in the form of 
black spots, are formed by encysted strigeid larvae (Trematoda). 

Freshwater copepods are found attached to some of the downstream 
migrants, but apparently cause no serious damage. Apparently these 
copepods are specific, being found much less frequently on the salmon 
than on the steelhead migrating downstream at the same time. The 
species found in Waddell Creek has been identified as Salmincola 
californiensis Dana by Charles B. Wilson. In the juvenile fish it is found 
most commonly attached to the bases of the fins, especially the pectorals 
and dorsal. Usually not more than one or two are found on a fish. 
Circumstantial evidence is strong that these copepods die in salt water, 
since they were not found on any adult silver salmon (or steelhead) 
returning from the ocean. 

Marine copepods ("sea lice") occur on adult fish entering the stream, 
but have never been found on any of the fish by the time that they have 
reached the dam. Three marine copepods taken from a silver salmon 
stranded on the beach in attempting to enter Waddell Creek were 
identified by Charles B. Wilson as Lepeophtheirus salmonis Kroyer. 
Apparently this species had not previously been recorded from silver 
salmon, but since it has been found on various species of salmonids 
(Wilson, 1908), its occurrence on silver salmon is not surprising. 

At  least  one  other  species  of  marine  copepod  (Argulus  pugettensis 
Dana) has been recorded from silver salmon (Wilson, loc. cit.). 

Lampreys, which sometimes cause damage when they attach them- 
selves to fish, do not occur in Waddell Creek. 

During the 1933-34 season the field observer, F. II. Simmer, recorded 
two downstream migrants lacking pigment, as follows: 

April 19, 102 mm., "lacking pigment, whitish". 
April 23, 115 mm., "partly albino (whitish)". 
No other such records appear among the field notes. 
On occasion downstream migrants with one or both opercles  turned 

under have been taken. In 1933-34, during the period April 29-June 2, 
the following such fish were recorded: right opercle turned under, 8; left 
opercle, 5; both opercles, 2. During this period 1,535 yearlings were 
handled, but it is not known whether or not all of them were examined 
for this feature. The cause of  this  abnormality  is  not  known.  In 
hatcheries opercles that do not fully cover the gills result from a variety 
of causes, usually associated with the diet of the fish. 

Fish that were blind or partially blind in one or both  eyes,  as  evi- 
denced by opaqueness of the eye, were fairly common among the adults 
but were met with only rarely among the juveniles. Consideration is here 
given only to fish in which no mechanical injury to the eye was 
apparent. The writers believe that such opaqueness often, if not usually, 
is the result of fish scraping the eye after it has entered fresh water, e.g., 
in leaping falls, passing through log jams, spawning, or being handled in 
nets at traps. This condition has been noted frequently at various egg 
collecting stations, especially when the fish had been handled in dip nets 
made of seine material with prominent knots. 
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The records at Waddell Creek indicate that the diseases encountered, 
including the external parasites, have not  been  associated  with  size  of 
fish, within a year class. 

 

Teratology 

Deformities are rare among salmon and trout in their natural en- 
vironment, and this general rule has held good at Waddell Creek. Of 
particular interest are abnormalities of the fins, because of their relation 
to marking programs. 

Although abnormal or naturally missing  fins  were  watched for in all 
seasons among the downstream migrants, it is possible that a few were 
missed. An especially careful watch was kept during the 1934-35 season 
and the record for the 3,532 yearling migrants is as follows: Left pectoral 
fin naturally missing (scar present), three fish; adipose very small, three 
fish; "practically no adipose fin," one fish. The fact that a scar  was 
present in the case of the missing  pectoral  fins  indicates  that  the  fins 
were lost through injury or disease. Occasionally salmonids with fins 
missing from birth are encountered in nature. On several occasions the 
writers have encountered salmonids with the adipose fin completely 
absent, and on one occasion one of them (Shapovalov) examined an adult 
king salmon with both ventral fins and the supporting bone structure 
(pelvic girdle) completely missing. Migrants with a part of the caudal fin 
missing or with deformed fin rays have  also  been  taken  on  rare 
occasions. 

The record for 1934-35 and the discussion of the preceding paragraph 
show that although missing fins are not common, they do occur and may 
influence  the  apparent  returns  of  a  marking  program  if  only  one  fin  is 
clipped. Such naturally missing fins are not to be expected to interfere 
with a program in which mass returns for a given locality are expected, 
but may prove a serious hindrance in those cases in  which  reliance  is 
placed upon small returns, as in the cases of straying or individual fish 
taken at sea. In any case, the extra labor involved in marking two 
separate fins is well worth while in terms of reliability of results. 

The frequency with which a given fin is missing may vary with the 
population under consideration, and also from season to season. In one 
case the writers encountered approximately  17  fish  with  three  ventral 
fins out of a lot of approximately 10,000 trout being marked. Almost 
certainly these abnormal fish were the product of a single female. In the 
same way, a number of fish with similar abnormalities may be produced 
in nature by a single female. Probably the fin most commonly completely 
absent from birth is the adipose, but the fins most commonly missing as a 
result of injury are the pectorals  or  ventrals.  Among  hatchery  fish  the 
fins most commonly missing or deformed are the pectorals or ventrals, 
due to biting by other fish, and the dorsal, due to disease (fin rot or 
Gyrodactylus). Almost no fish with  fins  missing  because  of  these 
diseases were encountered at Waddell Creek, except  in  adults  straying 
from Scott Creek. 

The occurrence of missing and deformed fins among adult fish is 
perhaps  somewhat  greater  than  among  juveniles,  principally  due  to 
injuries to these fins that have taken place at sea. 
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Deformities of the body, like abnormalities in the fins, are rare among 
salmonids in their natural environment. Occasionally silver salmon with 
twisted snouts or deformed upper or lower jaws have been  taken  both 
among the juveniles and the adults. Even more rarely so-called "S" fish, 
with a curvature of the spine, have been taken among the juveniles and 
adults. Similarly, rare specimens of "stubby" fish, i.e., fish which are 
abnormally short for their depth and age, have been taken. The various 
deformities listed are much more common among hatchery fish, but such 
fish rarely survive to return as sea-run spawners. 

 

Food 

It is evident from the accumulating literature on the food of young 
salmonids that there is considerable variation in the food of a given 
species, depending upon locality, time of year, size of fish, and the rela- 
tive abundance of the various food items. The greater the variations in 
these factors, the greater is the variation in food likely to be, but espe- 
cially in trout there is sometimes even a marked variation in the food of 
individuals of the same size taken at the same time  and  in  the  same 
place. 

In California, the streams inhabited by silver salmon are generally 
similar, and so the food of the young fish is probably similar at a given 
time of year and for the same size of fish. It is not unlikely that in most 
California streams the food of the young silver salmon is similar to that 
of steelhead of the same size. 

Almost nothing is known of the food of juvenile silver salmon at 
Waddell Creek on the basis of stomach examinations. The only stomach 
examined was that of a juvenile upstream female 100 mm. long, taken on 
January 30, 1935; this stomach contained only "a little debris." 

In the section on "Predators" (page 253) it will be seen that Pritchard 
(1936b) had found that during the seaward migration of various species 
of Pacific salmon in the spring of the year at McClinton Creek, British 
Columbia, yearling silver salmon had consumed large quantities of pink 
salmon fry, and small numbers of chum salmon fry and silver salmon fry 
and fingerlings. In the same section  it will also be noted that  in 
California silver salmon probably do not consume large numbers of 
steelhead and silver salmon because of the fact that the latter two species 
emerge from the gravel after the seaward migration of the yearling silver 
salmon, but that they may eat larger numbers of king salmon, which 
generally hatch earlier and many of which migrate as fry. 

Chamberlain (1907) reported that in Alaska silver salmon fish of the 
season, taken from May through July (lengths 33 to 43 mm.),  had  fed 
mainly on insects. Larger fish, taken in night hauls in August and 
September, had eaten most terrestrial insects, and also aquatic  insect 
larvae (principally Caddisflies), snails, and sticklebacks, with a scat- 
tering of miscellaneous items. The data for  the  August-September  fish 
have been gathered into Table 23. 

Chamberlain adds: "The yearling cohos taken in the Naha were found 
to eat the young salmon fry whenever taken with them in the nets. That 
they sometimes were able to prey upon them in a natural state was 
evidenced by the presence of digested  fry in some examples that were 
seined in Roosevelt Lagoon in May." 
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TABLE 23 
 

Alaska, Silver Salmon: Foods of Young Fish 
 

 
 

Class Of Food 

 
Percentage of fish eating class of food listed 

 
Aug. 22—15 fish, avg. 
length 95 mm., range 

63-122 mm. 

 
Aug. 24—55 fish, avg. 

length 85.6 mm., range 53- 
130 mm. 

Sept. 10—88 fish, 
avg. length 83 

mm., range 51-120 
mm. 

Winged insects   (flies, ants, etc.) 66 91 44 

Beetles 13 42 20 

Caddisfly larvae 13 5 44 

Other larvae 13 -- 7 

Snails 26 7 5 

Sticklebacks 13 7 2 

Mites, eggs, etc. -- 14 11 

The general feeding habits and growth of silver salmon  at  Waddell 
Creek have already been described in the section on "Stream Life Prior 
to Seaward Migration (General Features)" (pages 70-73). 

Bradley (1908) recorded the tube-dwelling amphipod, Corophium 
salmonis, from many stomachs of young silver salmon 71 to 79 mm. in 
length taken at Karluk Beach and in the estuary of Karluk River, Alaska, 
June 8 and July 24,  1903.  A  closely  related  species,  C.  spinicorne,  is 
one of the most abundant organisms in Waddell Creek lagoon. 

Chamberlain records that young silver salmon taken with a hook in 
brackish water at the Klawak cannery wharf contained insects and a few 
beach crustaceans. 

In regard to the food of small silver salmon in salt  water,  Cham- 
berlain has the following to say: 

"The young coho in salt water is more easily observed than the other 
species. It readily takes the hook, and apparently is less timid than the 
others in approaching surface and shore. In 1904, 45 were taken at the 
Loring cannery wharf August 2. They averaged 190 mm. (158-226). On 
July 10 at the same place about 30 were taken. No measurements were 
made except of the largest, which was 138 mm. On August 2, 1905, a 
scattered school came about the ALBATROSS while anchored at the 
extreme head of Yes Bay; 26, averaging 202 mm. (152-237), were taken 
with a  hook  over the  ship's side.  Only a few, 6  or  8,  would appear at 
once, and they took the hook baited with bits of meat, etc., very shyly in 
the perfectly clear water. Most of the stomachs contained offal from the 
ship's messes; 5 contained fishes up to 65 mm. in length, all that could 
be identified being sand launces; 2 contained young sticklebacks, one of 
them 10 individuals; 2 had isopods, and only 3 had taken insects from 
the surface. Another example taken later, a male of 265 mm., contained 
4 small herring. 

"At Karluk young cohos are occasionally taken in the cannery seines; 
two,  180  mm.  long,  preserved  from  the  catch  of  June  8,  contained  2 
species of amphipods and one a young cottoid; one, 158 mm., preserved 
from the seine July 3, was an empty female; July 24, another, 175 mm. 
long, contained Ammodytes. As will be seen, these records indicate the 
presence of very few young cohos about Karluk Beach. 
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"The general collections of the ALBATROSS afford the following data: 
"A number of cohos were taken at Karta Bay with larger sockeyes and 

smaller dog salmon on June 26, 1897. Of the specimens preserved 8 males 
average about 80 mm. (56-100), and 14 females average nearly 100 mm. 
(80-140). They were feeding mainly on insects and crustacea. 

"At Thorne Bay, July 5, of a number of small cohos together with a few 
dog salmon, seined probably at the mouth of the river, 24 males averaged 
about 55 mm. and 50 females about 56 mm., the high average of the latter 
being due to the presence of a few slightly larger individuals (extremes, 
males 45-65 mm., females 45-78 mm.). The stomachs examined contained 
insects for the most part; a few had small crustaceans and 2 had flatfishes. 

"At Port Alexander, July 3, 1903, many young cohos were taken in the 
seine; 4 males and 2 females were preserved; average about 150 mm. They 
were  feeding  on  young  herring  and  sand  launces,  also  larval  crabs  and 
amphipods. 

"Of  the  specimens  saved  from  Uganuk,  June  5,  1903,  5  are  males, 
averaging 138 mm., and 8 females, 130 mm. All but 3, which were empty, 
were feeding on young herring, each containing from 1 to 5 individuals. . . 
. 

"At Unalaska 6 examples, taken July 23, 1888, average 148 mm., 
contained insects, crustaceans, grubs, and in one case a small fish like a 
salmon fry. One humpback fingerling was in this lot. 

"Twelve examples, taken at Sumner Harbor July 2, 1896,  averaged 
about 60 mm. and were feeding on insects and Crustacea. They were in 
company with the smaller sockeyes. ..." 

Pritchard and Tester (1944), in a study directed toward shedding light 
on possible conflict between  salmon and herring fisheries, presented an 
account of the food of silver salmon along the coast of British Columbia 
and summarized the results of some studies for other areas. The 
investigations probably give an indication of the types of food eaten 
elsewhere at sea, although the authors emphasize that there was a marked 
variation between areas  and years in the kind and quantity of the 
organisms forming the major food items during the three years of  their 
studies. Examinations of 257 silver salmon stomachs indicated the food of 
this species to be similar to that of king salmon in that herring and sand 
lances were the two most important items, but the silver salmon appeared 
to feed somewhat more extensively on other fish and invertebrates than the 
king salmon. The silver salmon also had a greater range of diet than the king 
salmon, since more types of food organisms were found in the smaller 
number of stomachs examined. The authors believe it to be probable that 
there was no active selection of the kind of food eaten by either species and 
that both fed on whatever food of suitable size was present in  sufficient 
quantity to repay them for the effort. Certain types of organisms, namely, 
herring, sand lance, amphipods, euphasiids (red feed), and crab larvae, were 
found in all three years; others, namely, sardines, anchovies, capelin, 
rockfish, black cod, and isopods, were found in two of the three years; still 
others, namely, silver salmon, lanternfish, Pacific saury, hake, whiting, 
sculpin, squid, goose barnacles, and jellyfish, were found in one year only. 
The   authors   believe   that   "this   variation   is   doubtless   related,   in 
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part at least, to variation in the number of stomachs examined in each of the 
three years, ..." 

Chapman (1936) found the food of 400 silver salmon from the Neah Bay, 
Washington, region to consist of euphasiids, sardines, and herring, in the 
order named, to the practical exclusion of all other organisms. Both in 
numbers and weight the euphasiids were the most important single item of 
food. Black cod and squid were only incidental. Twenty-five stomachs were 
empty. 

In the same paper, Chapman notes that the data on 85 silver salmon from 
Westport differed considerably from those for Neah Bay: (1) a much higher 
percentage of the stomachs was empty (Westport 39 percent, Neah Bay 6 
percent), (2) euphasiids were completely absent, and (3) sardines were of 
greater importance in comparison with herring than they were at Neah Bay. 
The Neah Bay fish were purse-seine-caught fish, while the Westport fish 
were caught by troll. 

Chamberlain (1907) lists the food of only four adult silver salmon taken at 
sea in Alaskan waters. Two individuals seen at Karta Bay the first of August 
were filled with sand lances; another contained a herring. A female taken at 
Quadra early in August was filled with crab larvae. 

Apparently, seasonal studies of the food of silver salmon in the sea have 
not yet been conducted. 

Summing up, it appears that young silver salmon in fresh water live very 
largely upon insects, both aquatic and terrestrial, that smaller individuals in 
salt water depend heavily upon marine invertebrates, and that the larger fish 
in salt water are chiefly piscivorous. 

 
LIFE HISTORY OF THE STEELHEAD 

 

Spawning Migration 
As with the silver salmon, the discussion of the life history of the 

steelhead is begun with the adults that are about to enter the stream for 
spawning purposes. 

 
Time and Size of the Spawning Migration 

Both over its range as a whole and in individual streams, the spawning 
season of the steelhead extends over a much longer period of time than does 
that of the silver salmon. In general, the bulk of the fish enter the streams 
and spawn in the winter and spring, but it is  probable  that  in  the  larger 
rivers, such as the Sacramento, Eel, Klamath, and Columbia, some steelhead 
enter from the sea in all or nearly all months. 

Roughly, steelhead may be divided into those of the spring run (fish in 
general entering and migrating upstream on dropping stream levels, while 
quite green, and spawning in the following season) and those of the fall run 
(fish in general entering on rising stream levels, with sexual products in 
various stages of development, but spawning within the same season). With 
local variations, the spring-run fish enter the streams in April and May and 
reach the pools in which they "summer over'' in June and July. Such fish 
generally do not feed in fresh water, but remain fat and in good condition 
until they spawn, usually in November and December. Spring-run steelhead 
do not occur in most California streams, ascending probably only those that 
are snow-fed and possess deep pools. Fall-run fish may enter from salt water 
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throughout the year, from August (early fish) through July (late fish), but 
spawn within about four months of their entry. The late-running fish 
generally spawn within a month or so. 

Several specific instances of the occurrence of spring-run steelhead in 
California may be cited. In 1938 the attention of one of the writers 
(Shapovalov) was called to the presence of "summer salmon" in the 
Middle Fork of Eel River. These fish were found to  constitute  a  true 
spring run of steelhead, entering the main Eel River probably mostly in 
May and migrating upstream (Shapovalov, 1939b). They  usually  make 
their appearance in the Middle Fork in July, and ascend to the section 
from its confluence with Black Butte River to Asa Bean Falls. Here they 
rest in deep pools, gradually "ripening" until the following October, 
November, or December, when they spawn. Like the fall-run steelhead, 
they do not feed in fresh water, with possible rare exceptions, but remain 
in good condition throughout the summer. At times they refuse to strike 
at a lure, while at other times they avidly seize a spinner or grasshopper. 
The fish often run from 7 to 12 pounds in weight. 

The only other portion of the Eel River in which  their  presence  is 
known to the writers is the section of the  Van  Duzen  River  known  as 
Eaton Roughs, above Bridgeville. Here they are reported to be already 
present when the water levels drop and the water clears enough to see 
into these "salmon holes"; this is probably usually in June. Runs that are 
probably comparable ascend certain of the snow-fed tributaries of the 
Klamath River. For example, steelhead of average size, which  were 
green and would not  spawn until the following winter, were ascending 
Elk Creek, tributary to the Klamath 100 miles above its mouth, on June 
3, 1934 (Taft and Shapovalov, 1935, page 66). 

In the comparable section on silver salmon it was pointed out that 
Waddell Creek and most other California streams are closed by sand bars 
at their mouths during a portion of the annual dry season, as a result of 
which the entry of the first fish of the spawning run is dependent upon 
the breaking of the bar with the start of the rainy season. The same 
consideration, of course, applies to the steelhead. 

As with the silver salmon, at Waddell Creek (and Scott Creek) some 
steelhead have entered the stream with the first opening of the bar, 
whenever  that  has  occurred,  as  shown  in  Table  24.  This  implies  that 

 

 
TABLE 24 

Waddell Creek, Steelhead: Time of Initial Capture in Trap, in Relation to Opening of the Bar 
 

Year First opening 
of bar 

First steelhead 
taken in trap 

Permanent opening of 
bar 

1933 October 31 December 14 December 28 
1934 November 18 November 21 December 13 
1935 October 11 December 29 December 29 
1936 November 19 December 30 December 26 
1937 October 26 December 12 December 8 
1938 October 27 December 2 October 27 
1939 November 24 December 11 December 7 
1940 September 13 October 27 December 16 
1941 October 9 October 31 December 9 
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the fish are "waiting" very near the mouth of the stream for the bar to 
open, or make a rapid journey to the mouth of the stream with the 
approaching storm. 

Again as in the case of the silver salmon, only a portion of the sea- 
sonal "run" enters Waddell Creek with the first storm and with each 
succeeding storm. In the case of the steelhead, however, a smaller pro- 
portion of the total run enters the stream with the first storms, especially 
if these occur early, and the run stretches out past the salmon spawning 
season. 

The entry of the fish into the stream is not determined entirely by their 
sexual maturity, for examinations made at the very mouth have revealed 
that some of the fish are sexually immature, or "green," while others are 
completely sexually mature, or "ripe." There is a greater tendency for the 
early steelhead, in comparison with the silver salmon, to be green. Such a 
situation is to be expected in view of the fact that although the spawning 
seasons of the two species overlap, the bulk of the steelhead spawning 
takes place later than that of the silver  salmon  in  Waddell  Creek  and 
most other California streams. 

The increasing earliness of the runs and the spawning season with 
progression to the north, which was noted for the silver salmon, is not 
apparent in the steelhead. It is true that some steelhead enter the 
streams of northern California earlier than do any of those running into 
Waddell Creek and its neighbors, but  even  in  those  streams  the 
spawning season takes place about the same time as in the southern 
streams. Although steelhead enter the mouth of the Eel River  in 
considerable numbers as early as August, they do not ascend the South 
Fork  until  about  the  time  of  the  Waddell  Creek  and  Mad  River  runs 

 
 

FIGURE 22.    Seasonal distribution of the steelhead runs in Waddell Creek, South Fork of the Eel River, and 
Mad River. 
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(Figure 22). Table 25 shows the runs  in  the  South  Fork  of  the  Eel 
River by two-week periods for six seasons,  and  Table  26  shows  the 
Mad River runs for nine seasons. 

As in the case of the silver salmon, the writers have wondered if any 
steelhead  would  enter  Waddell  Creek  if  unseasonal  rains  occurred  in 

 
TABLE 25 

 
South Fork of Eel River, Steelhead: Adults Counted Upstream Through Fishway at 

Benbow Dam, by Two-week Periods 
 

 
 

Period 

 19
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3 
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43
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Oct. 1-14 ----- ----- ----- ----- ----- ----- ----- ----- 
Oct. 15-28 ----- ----- 1 ----- 3 ----- 4 + 
Oct. 29-Nov. 11 3 ----- 17 9 9 ----- 38 + 
Nov. 12-25 ----- ----- 2 19 139 26 186 0.2 
Nov. 26-Dec. 9 691 ---- 16 76 694 43 1,520 1.4 
Dec. 10-23 208 784 47 62 1,394 215 2,710 2.4 
Dec. 24-Jan. 6 507 1,126 5,123 1,515 3,484 1,690 13,445 12.0 
Jan. 7-20 3,414 1,202 4,498 4,491 221 4,622 18,448 16.5 
Jan. 21-Feb. 3 1,479 5,526 2,799 2,130 7,517 4,165 23,616 21.2 
Feb. 4-17 2,901 1,572 2,708 985 5,525 3,892 17,583 15.7 
Feb. 18-Mar. 3 424 1,765 1,147 1,820 2,047 2,103 9,306 8.3 
Mar. 4-17 2,390 1,141 872 3,775 2,900 4,251 15,329 13.7 
Mar. 18-31 746 645 809 1,643 649 1,339 5,831 5.2 
Apr. 1-14 188 609 194 771 436 1,099 3,297 3.3 
Apr. 15-28 42 33 44 36 14 ----- 169 0.2 
Apr. 29-May 12 2 73 21 24 ----- ----- 120 0.1 
May 13-26 ----- ----- 10 ----- ---- ----- 10 + 
May 27-Sept. 30 ----- ----- ----- ----- ----- ----- ----- --- 

Totals 12,995 14,476 18,308 17,356 25,032 23,445 111,612 --- 

 
TABLE 26 

Mad River, Steelhead: Adults Counted Upstream Through Fishway at 
Sweasey Dam, by Two-week Periods 

 

 
 

Period 

 

 
1941- 
42 

 

 
1942- 
43 

 

 
1946- 
47 

 

 
1947- 
48 

 

 
1948- 
49 

 

 
1949- 
50 

 

 
1950- 
51 

 

 
1951- 
52 

 

 
1952- 
53 

 
 

Total 
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Oct. 1-28 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --- 
Oct. 29-Nov. 11 ----- 6 ----- ----- 6 1 50 1 ----- 64 0.1 
Nov. 12-25 4 376 15 22 30 10 78 83 3 621 1.4 
Nov. 26-Dec. 9 180 120 475 ----- 7 64 47 58 4 955 2.2 
Dec. 10-23 30 276 86 ----- 129 21 403 79 229 1,253 2.9 
Dec. 24-Jan. 6 25 31 6 289 31 15 268 67 50 782 1.8 
Jan. 7-20 116 279 6 524 ----- 9 109 8 62 1,113 2.6 
Jan. 21-Feb. 3 523 205 908 81 1 54 52 413 1,565 3,802 8.9 
Feb. 4-17 246 2,140 1,171 417 329 1,108 675 306 215 6,607 15.4 
Feb. 18-Mar. 3 267 1,242 983 1,534 738 1,359 65 949 362 7,499 17.5 
Mar. 4-17 765 995 732 363 830 287 1,186 648 2,078 7,884 18.4 
Mar. 18-31 1,075 910 525 249 322 640 1,097 1,186 259 6,263 14.6 
Apr. l-14 1,180 60 108 103 678 287 317 1,531 526 4,790 11.1 
Apr. 15-28 172 ----- 95 ----- 38 219 281 222 257 1,284 3.0 
Apr. 29-May 12 ----- ----- ----- ----- ----- ----- 3 33 ----- 36 0.1 
May 13-Sept, 30 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --- 

 
Totals 

 
4,583 

 
6,640 

 
5,110 

 
3,582 

 
3,139 

 
4,074 

 
4,631 

 
5,584 

 
5,610 

 
42,953 

 
--- 



112 FISH BULLETIN NO. 98  
 

September. Since such rains have not occurred during the course of the 
experiments, a direct answer has not been obtained. 

The occurrence of different runs or "waves" of migrating fish brings 
up the question of "races." It is possible that different biological or 
morphological races exist within large stream systems, but  the  occur- 
rence of fresh runs with each succeeding storm in Waddell  Creek  and 
other small streams indicates that different runs during a season are not 
necessarily the result of different races. There is no evidence to indicate 
that different races exist in Waddell Creek and one would hardly expect 

 

 
FIGURE  23.    Adult  steelhead  checked  through  the  upstream  trap  at Waddell  Creek, 

by weekly periods. 
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FIGURE 24.    Slippery Falls, barrier to upstream migrants, on the West Branch of Waddell Creek. 

Photograph by Paul R. Needham. 
 

different sea-run races to occur in a stream so small and in which the entry 
of the fish was restricted to a portion of the season. 

Just what is the explanation  of  the  different  runs—why  the  fish  do 
not enter the stream at one time—is not known, but the reason is prob- 
ably tied up with the habits and migrations of the fish in the ocean. The 
life history of the steelhead at sea is even more of a mystery than that 
of the silver salmon. Some of those facts that we do know will be 
presented in the section on "Sea Life" (pages 191-197). 
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Period 

1933-34 1934-35 1935-36  

♂ ♀ Total ♂ ♀ Total ♂ ♀ Total ♂ ♀ Total 

Oct. l-7 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 19-25 -- -- -- 6 -- 6 -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- 1 -- 1 -- -- -- -- -- -- 
Dec. 3-9 -- -- -- -- -- -- -- -- -- -- -- -- 
Dec. 10-16 3 2 5 7 3 10 -- -- -- -- -- -- 
Dec. 17-23 1 -- 1 1 -- 1 -- -- -- -- -- -- 
Dec. 24-30 13 3 16 4 -- 4 6 -- 6 -- 1 1 
Dec. 31-Jan. 6 27 16 43 64 27 91 11 6 17 2 2 4 
Jan. 7-13 -- 2 2 35 27 62 31 16 47 4 3 7 
Jan. 14-20 -- 2 2 10 16 26 19 13 32 2 3 5 
Jan. 21-27 2 1 3 21 16 37 1 1 2 -- -- -- 
Jan. 28-Feb. 3 -- -- -- 3 6 9 21 21 42 25 16 41 
Feb. 4-10 36 32 68 15 18 33 -- 1 1 23 20 43 
Feb. 11-17 22 33 55 2 1 3 20 23 43 19 18 37 
Feb. 18-24 32 55 87 2 3 5 8 7 15 14 7 21 
Feb. 25-Mar. 3 6 18 24 30 49 79 20 39 59 34 37 71 
Mar. 4-10 3 11 14 13 28 41 11 33 44 39 44 83 
Mar. 11-17 12 21 33 12 16 28 11 21 32 36 44 80 
Mar. 18-24 4 8 12 6 6 12 8 16 24 2 1 3 
Mar. 25-31  3 3 16 28 44 8 8 16 8 20 28 
Apr. l-7 1 3 4 9 17 26 11 22 33 5 4 9 
Apr. 8-14 1 3 4 4 8 12 14 14 28 6 12 18 
Apr. 15-21  8 8 3 1 4 2 2 4 5 5 10 
Apr. 22-28 1 2 3 1 3 4 -- 4 4 2 4 6 
Apr. 29-May 5 1 -- 1 -- 1 1 -- -- -- 2 2 4 
May 6-12 1 -- 1 -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- -- -- -- -- -- -- -- -- -- -- 
May 20-26 -- -- -- -- -- -- -- 1 1 -- -- -- 
May 27-June 2 -- -- -- -- -- -- -- -- -- -- -- -- 
June 3-9 -- -- -- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- -- -- -- -- -- -- -- -- 1 1 
June 24-30 -- -- -- -- -- -- -- -- -- -- -- -- 
July l-7 -- -- -- -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- 1 1 
July 22-28 -- -- -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept 9-15 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept  16-22 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- -- -- 

Totals 166 223 389 265 274 539 202 248 450 228 245 473 

 

 

During the nine seasons of operation of the upstream trap, 1933-34 
through 1941-42, 3,888 adult steelhead were taken. The numbers of fish 
taken during each season, arranged by sexes and weekly periods,  are 
shown in Table 27 and Figure 23. 

From the above table and graph, it will be seen that the earliest fish 
was  taken  during  the  week  ending  October  28,  and  the  latest  fish 

 
TABLE 27 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Seasons and Weekly 
Periods 

 
1936-37 
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Period 

 
1937-38 

 
1938-39 

 
1939-40  

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

 
♂ 

 
♀ 

 
Total 

Oct. l-7 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- 1 -- 1 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- 1 -- 1 
Nov. 12-18 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- 1 -- 1 -- -- -- -- -- -- 
Dec. 3-9 -- -- -- 3 2 5 -- -- -- -- -- -- 
Dec. 10-16 18 6 24 -- -- -- 3 1 4 -- -- -- 
Dec. 17-23 2 -- 2 -- 2 2 -- -- -- 47 22 69 
Dec. 24-30 1 -- 1 -- -- -- -- 1 1 62 42 104 
Dec. 31-Jan. 6 1 2 3 18 5 23 79 46 125 25 27 52 
Jan. 7-13 -- -- -- 10 9 19 24 12 36 34 28 62 
Jan. 14-20 20 11 31 -- -- -- 4 3 7 14 9 23 
Jan. 21-27 19 19 38 -- 2 2 22 14 36 4 3 7 
Jan. 28-Feb. 3 22 23 45 24 5 29 27 29 56 10 14 24 
Feb. 4-10 3 7 10 43 48 91 3 4 7 4 11 15 
Feb. 11-17 2 8 10 15 24 39 4 5 9 -- 3 3 
Feb. 18-24 32 38 70 -- -- -- 18 35 53 1 9 10 
Feb. 25-Mar. 3 18 28 46 1 -- 1 2 9 11 -- 5 5 
Mar. 4-10 4 8 12 22 22 44 6 10 16 -- 2 2 
Mar. ll-17 1 8 9 58 90 148 12 21 33 1 4 5 
Mar. 18-24 7 10 17 1 4 5 4 23 27 1 1 2 
Mar. 25-31 4 6 10 2 11 13 5 7 12 -- 4 4 
Apr. 1-7 3 12 15 5 8 10 -- -- -- -- -- -- 
Apr. 8-14 5 11 16 4 8 12 -- 5 5 -- 1 1 
Apr. 15-21 2 5 7 2 5 7 -- 1 1 -- -- -- 
Apr. 22-28 1 3 4 1 -- 1 -- 1 1 -- -- -- 
Apr. 29-May 5 -- 2 2 -- 1 1 1 -- 1 -- -- -- 
May 6-12 -- 1 1 -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- -- 1 -- 1 -- 1 1 -- -- -- 
May 20-26 -- -- -- 1 -- 1 -- -- -- -- -- -- 
May 27-June 2 -- -- -- -- -- -- -- -- -- -- -- -- 
June 3-9 -- -- -- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- -- -- -- -- -- -- 
July l-7 -- -- -- -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- -- -- 
Totals 165 208 373 212 243 455 214 228 442 205 185 390 

 

 

TABLE 27 — Continued 
 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Seasons and Weekly 
Periods 

 

1940-1941 
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Period 

1941-42 Total  
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 

Oct. l-7 -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- 1 -- 1 + -- + 
Oct. 29-Nov.4 3 -- 3 3 -- 3 + -- + 
Nov. 5-ll -- -- -- 1 -- 1 + -- + 
Nov. 12-18 2 -- 2 2 -- 2 + -- + 
Nov. 19-25 -- -- -- 6 -- 6 1 -- 1 
Nov. 26-Dec. 2 1 -- 1 3 -- 3 + -- + 
Dec. 3-9 6 2 8 9 4 13 1 + 1 
Dec. 10-16 3 -- 3 34 12 46 4 1 5 
Dec. 17-23 24 4 28 75 28 103 8 3 11 
Dec. 24-30 5 3 8 91 50 141 10 6 16 
Dec. 31-Jan. 6 5 -- 5 232 131 363 26 15 40 
Jan. 7-13 28 23 51 166 120 286 18 13 32 
Jan. 14-20 -- 2 2 69 59 128 8 7 14 
Jan. 21-27 1 7 8 70 63 133 8 7 15 
Jan. 28-Feb. 3 1 2 3 133 116 249 15 13 28 
Feb. 4-10 2 -- 2 129 141 270 14 16 30 
Feb. 11-17 9 8 17 93 123 216 10 14 24 
Feb. 18-24 18 20 38 125 174 299 14 19 33 
Feb. 25-Mar. 3 2 1 3 113 186 299 13 21 33 
Mar. 4-10 14 23 37 112 181 293 12 20 33 
Mar. 11-17 21 62 83 164 287 451 18 32 50 
Mar. 18-24 3 12 15 36 81 117 4 9 13 
Mar. 25-31 2 3 5 45 90 135 5 10 15 
Apr. l-7 9 28 37 43 91 134 5 10 15 
Apr. 8-14 2 12 13 36 73 109 4 8 12 
Apr. 15-21 2 1 3 16 28 44 2 3 5 
Apr. 22-28 1 _-- 1 7 17 24 1 2 3 
Apr. 29-May 5 1 _-- 1 5 6 11 1 1 1 
May 6-12 -- -- -- 1 1 2 + + + 
May 13-19 -- -- -- 1 1 2 + + + 
May 20-26 -- -- -- 1 1 2 + + + 
May 27-June 2 -- -- -- -- -- -- -- -- -- 
June 3-9 -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- -- -- 1 1 -- + + 
June 24-30 -- -- -- -- -- -- -- -- -- 
July l-7 -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- 1 1 -- + + 
July 22-28 -- -- -- -- -- -- -- -- -- 
July 29-Aug 4 -- -- -- -- -- -- -- -- -- 
Aug. 5-ll -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept.1 -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- 

Totals 165 212 377 1,822 2,066 3,888 202 230 432 

 

 

TABLE 27 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Seasons and Weekly Periods 
 

Average 
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was taken during the week ending July 21. Despite this long spread, 3,864 
(96 percent) of all fish were taken during the 22 weeks December 3-May 5. 
Within any of these 22 weeks steelhead may be expected in most California 
steelhead streams, depending upon seasonal weather and water conditions. It 
will be noted from the nine-year averages for Waddell Creek that there are 
two peaks, occurring during the weeks ending January 6 and March 17, 
respectively. The occurrence of these two peaks so far apart is not a matter 
of chance, but is the result of the tendency of fish  of  different  sex-life 
history categories to run at different times of the season. 

It is of interest that 38.7 percent of all fish have been taken after February 
28, the usual closing date of the winter steelhead season in California. At 
Benbow Dam 24.2 percent have been taken after the end of February, and at 
Sweasey Dam, 53.1 percent. The significance of these facts will be 
discussed in the section on "Recommendations for Management" (pages 267-
268). 

From Table 27 and Figure 23 it will also be seen that there has not been 
nearly so much fluctuation in the size of the seasonal runs as in the case of 
the silver salmon. The reason for the lesser fluctuation, and possible causes 
of the fluctuations which do occur, will be discussed in the sections on 
"Survival" and "Pathology" (pages 204-243). The largest number taken in 
the trap was 539 (265 males, 274 females), during the season of 1934-35, 
and the smallest number 373 (165 males, 208 females), during the season of 
1937-38. (These are the same seasons in which the largest and smallest 
numbers of salmon were taken in the trap.) 

 
Age and Size of the Fish 

Steelhead of many  life history  categories make up the runs in Waddell 
Creek. Unlike silver salmon, steelhead migrate to sea at various ages and 
over a long period within a season, spend varying amounts of time in the 
ocean and return over a fairly long period within a season, are capable of 
spawning more than once, sometimes spawn before their first journey to sea, 
and may even remain in fresh water for their entire lives. This combination 
of possible life histories makes steelhead scale reading laborious and subject 
to some error. 

The writers believe, however, that the great majority of the scale readings 
are unquestionably accurate. At Waddell Creek interpretation of the scales 
was facilitated by the fact that (1) an entire population was being studied 
over a considerable period of time, (2) fish length and time of migration 
were known, (3) returning marked and tagged fish with known ocean 
histories were available in large numbers for comparison, and (4) all scale 
readings were made by the same person (Shapovalov), with occasional 
corroborative readings by others. 

Scales from all adult steelhead taken in the upstream trap were ex- 
amined. The assignment to life history category  was considered defi- 
nitely correct for 86 percent of these fish, and probably correct, but 
somewhat doubtful, for 8 percent. For 2 percent, stream history was 
unknown (although ocean history could be calculated) because all  
scales had regenerated centers, and for 4 percent, stream history  was 
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doubtful (with a possible error of one year). All of the doubtful fish were 
assigned to the various possible groups in the same proportions as the fish 
of more certain history. 

The present discussion of age and size at maturity will be confined to sea- 
run  fish.  Also,  any  spawnings  prior  to  initial  migration  to  sea  will  be 
disregarded, since such spawnings are often very difficult to recognize in 
scale examinations. In other words, fish listed as "first spawners" are those 
spawning for the first time after one or more seasons at sea, irrespective of 
possible spawnings prior to initial migration to sea. Fish that have spawned 
prior to their initial migration to sea are believed to be in the great minority, 
and confined largely to the comparatively few fish that go to sea for the first 
time after three or four years in fresh water. 

In Table 28 the adult steelhead taken in the upstream trap in each season 
have been divided according to number of spawnings, life history category, 
and sex. A number of interesting points are revealed by a study of this table. 
First, we see that 82.8 percent (range 70.0-96.1 percent) of all adults had 

entered the stream for their first spawning. Although first spawners are in 
the great majority, repeat spawners are sufficiently numerous (17.2 percent) 
to be given serious consideration in a study of the biology of the species and 
in a management program. As is to be expected, among the repeat spawners 
the representation of each group declines as the number of spawnings 
increases. There is a sharp decline in numbers from second spawners (15.0 
percent) to third spawners (2.1 percent). Fish spawning for the fourth time 
form a negligible proportion of the run (0.1 percent), and none spawning 
more than a fourth time was encountered. However, at Scott Creek two fish 
spawning for the fifth time (both females, season 1931-32) have been re- 
corded. These fish add two additional life history categories to the 32 shown 
in Table 28 : 1/4S.1 and 2/4S.1. 

It is believed that this general picture in regard to composition of the runs 
is representative of California steelhead streams where more or less natural 
conditions exist. It is evident that unfavorable factors (physical conditions 
hampering return of fish to the ocean, holding of fish in tanks at spawning 
stations, and fishing) tend to diminish the number of repeat spawners. This 
phase of  the subject  will be discussed  in greater  detail in the  section on 
"Recommendations for Management." 

A further examination of Table 28 shows that, despite the great number of 
life history categories, on the average only four of them are of sufficient 
importance to exceed 5 percent of the run, as follows: 2/1 (29.8 percent), 
2/2 (26.5 percent), 3/1 (10.5 percent), and 2/1S.1 (8.1 percent). Together, 
these four categories form 75 percent of the run. 

Obviously, all second spawners are derived from first spawners, all third 
spawners   from   second   spawners,   and  all   fourth   spawners   from   third 
spawners. An examination of the table shows that the life history categories 
represented most heavily among each group of the repeat spawners are 
derived from categories most strongly represented among the preceding 
group. This is strikingly shown in Table 29. 
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TABLE 28 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Sex and Life History 
Category (Percentages) 

 
 

Season 

 
 

Sex 

 
Fish spawning for first time 

 
1/1 

 
2/1 

 
3/1 

 
4/1 

 
1/2 

 
2/2 

 
3/2 

 
4/2 

 
1/3 

 
2/3 

 
3/3 

 
4/3 

 
1933-34 

♂ 3.9 15.2 3.6 -- 0.5 11.3 1.0 -- -- -- -- -- 
♀ 0.8 6.4 3.3 0.3 3.9 30.6 2.8 -- -- -- -- -- 

 Total 4.6 21.6 6.9 0.3 4.4 41.9 3.9 -- -- -- -- -- 

 ♂ 0.9 20.0 13.7 0.2 2.4 7.6 2.6 -- -- 0.4 -- -- 
1934-35 ♀ 0.7 8.0 16.5 0.6 6.1 13.2 3.0 -- -- 0.2 -- -- 

 Total 1.7 28.0 30.2 0.7 8.5 20.8 5.6 -- -- 0.6 -- -- 

 ♂ 1.6 16.7 2.7 0.7 0.2 12.2 1.6 -- -- 0.2 -- -- 
1935-36 ♀ 1.1 8.2 4.5 0.4 0.7 22.0 7.6 0.4 -- -- -- -- 

 Total 2.7 24.9 7.1 1.1 0.9 34.2 9.1 0.4 -- 0.2 -- -- 

 ♂ -- 11.6 14.4 2.1 1.7 9.5 1.1 -- -- 0.2 -- -- 
1936-37 ♀ 0.6 11.0 14.2 3.0 1.7 10.4 1.7 -- -- -- -- -- 

 Total 0.6 22.6 28.6 5.1 3.4 19.9 2.7 -- -- 0.2 -- -- 

 ♂ -- 12.9 1.9 -- 0.5 12.9 4.6 0.3 -- 0.3 -- -- 
1937-38 ♀ 0.8 13.1 1.6 -- 1.9 11.8 6.2 1.3 -- -- -- -- 

 Total 0.8 26.0 3.5 -- 2.4 24.7 10.7 1.6 -- 0.3 -- -- 

 ♂ 1.3 21.8 2.9 0.2 0.7 12.7 0.4 0.2 0.2 0.2 0.2 -- 
1938-39 ♀ 0.4 17.4 0.9 0.2 1.3 18.5 2.2 -- -- -- -- -- 

 Total 1.8 39.2 3.7 0.4 2.0 31.2 2.6 0.2 0.2 0.2 0.2 -- 

 ♂ 7.5 28.7 1.4 -- 1.6 5.9 0 7 -- -- -- -- -- 
1939-40 ♀ 4.1 22.4 0.9 -- 2.0 17.0 0.5 -- -- -- -- -- 

 Total 11.5 51.1 2.3 -- 3.6 22.8 1.2 -- -- -- -- -- 

 ♂ 6.9 27.4 -- -- 2.3 8.2 -- 0.3 0.3 -- -- -- 
1940-41 ♀ 2.3 10.0 0.8 -- 4.9 14.9 1.5 -- 0.3 -- -- -- 

 Total 9.2 37.4 0.8 -- 7.2 23.1 1.5 0.3 0.5 -- -- -- 

 ♂ 9.0 13.8 5.0 0.3 0.5 4.8 0.5 -- -- -- -- -- 
1941-42 ♀ 2.4 4.0 6.1 2.7 4.8 14.8 1.3 -- -- 0.5 -- 0.3 

Total 11.4 17.8 11.1 2.9 5.3 19.6 1.9 -- -- 0.5 -- 0.3 
 

Averages* 
♂ 3.3 18.8 5.5 0.4 1.2 9.4 1.4 0.1 0.1 0.2 + -- 
♀ 1.4 11.3 5.9 0.8 3.0 16.8 3.0 0.2 + 0.1 -- + 

 Total 4.7 30.0 11.4 1.2 4.2 26.3 4.3 0.3 0.1 0.2 + + 

 ♂ 3.5 18.6 5.1 0.4 1.2 9.5 1.4 0.1 0.1 0.1 + -- 
Averages † ♀ 1.5 11.2 5.4 0.8 3.0 17.0 3.0 0.2 + 0.1 -- + 

 Total 4.9 29.8 10.5 1.2 4.2 26.5 4.4 0.3 0.1 0.2 + + 

 ♂ 127 730 213 16 47 367 54 3 2 6 1 -- 
Totals ♀ 56 438 229 31 118 655 115 7 1 3 -- 1 

 Total 183 1,168 442 47 165 1,022 169 10 3 9 1 1 

 ♂ 1,566      (40.3%) 
1,654      (42.5%) All first spawners 
3,220      (82.8%) 

Grand Totals ♀ 
Total 
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TABLE 28 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, 
by Sex and Life History Category (Percentages) 

 
 

Season 

 
 

Sex 

 
Fish spawning for second time 

 
1/1 
S.1 

 
1/1 
S.1 

 
2/1 
S.1 

 
3/1 
S.1 

 
4/1 
S.1 

 
1/1.1 
S.1 

 
2/1.1 
S.1 

 
3/1.1 
S.1 

 
4/1.1 
S.1 

 
2/1 
S.2 

 
1933-34 

 
 
 

1934-35 
 
 
 

1935-36 
 
 
 

1936-37 
 
 
 

1937-38 
 
 
 

1938-39 
 
 
 

1939-40 
 
 
 

1940-41 
 
 
 

1941-42 
 

 
 

Averages * 
 
 

Averages † 
 

 
Totals 

 

 
Grand   totals 

♂ 

♀ 

Total 
 

♂ 
♀ 

Total 
 

♂ 
♀ 

Total 
 

♂ 
♀ 

Total 

 
♂ 
♀ 

Total 
 

♂ 
♀ 

Total 
 

♂ 
♀ 

Total 
 

♂ 
♀ 

Total 
 

♂ 
♀ 

Total 

-- 

0.3 

0.3 
 

0.4 
-- 

0.4 
 

-- 
-- 

-- 
 

-- 
-- 

-- 

 
0.5 
-- 

0.5 

 
-- 
-- 

-- 
 

0.5 
0.2 

0.7 
 

1.3 
1.5 

2.8 
 

1.6 
0.5 

2.1 

-- 

-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

0.2 
-- 

0.2 

 
-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

--- 

5.9 

3.3 

9.3 
 

0.6 
-- 

0.6 
 

6.9 
2.0 

8.9 
 

4.7 
2.1 

6.8 

 
5.9 
5.6 

11.5 
 

4.2 
4.4 

8.6 
 

1.8 
2.9 

4.8 
 

5.6 
6.2 

11.8 
 

5.8 
5.0 

10.9 

0.5 

-- 

0.5 

0.2 
0.4 

0.6 
 

1.8 
4.0 

5.8 
 

0.8 
0.8 

1.7 

 
3.5 
4.3 

7.8 
 

0.7 
0.4 

1.1 
 

-- 
-- 

-- 
 

0.3 
1.3 

1.5 
 

0.3 
0.5 

0.8 

-- 

-- 

-- 
 

-- 
-- 

-- 
 

-- 
0.4 

0.4 
 

0.2 
-- 

0.2 

 
-- 

1.3 

1.3 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 

-- 

0.3 

0.3 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
0.2 

0.2 

 
0.3 
0.8 

1.1 
 

-- 
-- 

-- 
 

0.2 
-- 

0.2 
 

-- 
2.1 

2.1 
 

-- 
1.6 

1.6 

0.3 

3.1 

3.3 
 

-- 
2.0 

2.0 
 

0.4 
3.3 

3.8 
 

-- 
2.7 

2.7 

 
0.5 
4.6 

5.1 
 

0.4 
2.9 

3.3 
 

0.2 
0.7 

0.9 
 

-- 
1.3 

1.3 
 

0.3 
5.8 

6.1 

-- 

0.3 

0.3 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
1.5 

1.5 

 
-- 

0.3 

0.3 
 

-- 
1.5 

1.5 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
0.5 

0.5 

-- 

-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 

 
-- 
-- 

-- 
 

-- 
0.2 

0.2 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 

-- 

-- 

-- 
 

0.2 
-- 

0.2 
 

-- 
-- 

-- 
 

0.6 
-- 

0.6 

 
-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 
 

-- 
-- 

-- 

♂ 
♀ 

Total 

♂ 
♀ 

Total 
♂ 
♀ 

Total 

0.4 
0.3 

0.7 

0.5 
0.3 
0.8 
17 
10 
27 

+ 

 
+ 

+ 
-- 
+ 
1 
-- 
1 

4.4 
3.3 

7.7 

4.6 
3.5 
8.1 
172 
129 
301 

0.8 
1.3 

2.1 

0.9 
1.3 
2.2 
33 
49 
82 

+ 
0.2 

0.2 

+ 
0.2 
0.2 
1 
7 
8 

0.1 
0.5 

0.5 

0.1 
0.6 
0.6 
2 

19 
21 

0.2 
2.8 

3.1 

0.2 
3.2 
3.4 
9 

111 
120 

-- 
0.5 

0.5 

-- 
0.5 
0.5 
-- 
1
8 

18 

-- 
+ 

+ 

-- 
+ 
+ 
-- 
1 
1 

0.1 
-- 

0.1 

0.1 
-- 

0.1 
4 
-- 
4 

♂ 
♀ 

Total 

239      (6.2%) 
344    (8.8%) All  second spawners 
583   (15.0%) 
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TABLE 28 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, 
by Sex and Life History Category (Percentages) 

 
Season 

 
Sex 

Fish spawning for third time 

1/2 
S.1 

2/2 
S.1 

3/2 
S.1 

4/2 
S.1 

1/1.2 
S.1 

2/1.2 
S.1 

3/1.2 
S.1 

 
1933-34 

♂ 0.5 -- -- -- -- -- -- 
♀ -- 0.3 0.3 -- 0.3 0.5 0.5 

 Total 0.5 0.3 0.3 -- 0.3 0.5 0.5 

 ♂ -- -- -- -- -- -- -- 
1934-35 ♀ -- -- -- -- -- -- -- 

 Total -- -- -- -- -- -- -- 

 ♂ -- -- -- -- --  -- 
1935-36 ♀ -- -- -- -- -- 0.4 -- 

 Total -- -- -- -- -- 0.4 -- 

 ♂ -- 0.8 0.2 -- -- -- -- 
1936-37 ♀ -- 0.4 1.1 -- 0.2 -- 0.2 

 Total -- 1.3 1.3 -- 0.2 -- 0.2 

 ♂ -- 0.3 -- -- -- -- -- 
1937-38 ♀ 0.3 0.8 -- -- -- 0.3 0.5 

 Total 0.3 1.1 -- -- -- 0.3 0.5 

 ♂ -- 0.4 -- -- -- -- -- 
1938-39 ♀ -- 1.8 0.4 -- 0.2 0.4 -- 

 Total -- 2.2 0.4 -- 0.2 0.4 -- 

 ♂ -- -- -- -- -- -- -- 
1939-40 ♀ -- 0.5 -- -- 0.2 0.2 -- 

 Total -- 0.5 -- -- 0.2 0.2 -- 

 ♂ -- -- -- -- -- -- -- 
1940-41 ♀ -- 0.5 -- -- -- -- -- 

 Total -- 0.5 -- -- -- -- -- 

 ♂ -- 1.6 0.3 -- -- -- -- 
1941-42 ♀ 0.5 2.4 0.3 0.3 -- 1.6 0.3 

 Total 0.5 4.0 0.5 0.3 -- 1.6 0.3 
 

Averages * 
♂ 0.1 0.3 0.1 -- -- -- -- 
♀ 

Total 
0.1 
0.1 

0.7 
1.0 

0.2 
0.3 

+ 
+ 

0.1 
0.1 

0.4 
0.4 

0.2 
0.2 

 
Averages  † 

♂ 
♀ 

Total 

0.1 
0.1 
0.1 

0.3 
0.7 
1.1 

0.1 
0.2 
0.3 

-- 
+ 
+ 

-- 
0.1 
0.1 

-- 
0.4 
0.4 

-- 
0.2 
0.2 

 
Totals 

♂ 
♀ 

Total 

2 
2 
4 

13 
27 
40 

2 
9 

11 

-- 
1 
1 

-- 
4 
4 

-- 
14 
14 

-- 
6 
6 

 
Grand totals 

♂ 
♀ 

17 (0.4%) 
63 (1.6%) All third spawners 
80 (2.1%) Total 
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TABLE 28 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, 
by Sex and Life History Category (Percentages) 

 
 

 
Season 

 

 
Sex 

 
Fish spawning for fourth time 

 

 
Total number 

 
1/3S.1 

 
2/3S.1 

 
2/1.3S.1 

 
1933-34 

♂ -- -- -- 166 
♀ -- -- 0.3 223 

 Total -- -- 0.3 389 

 ♂ -- -- -- 265 
1934-35 ♀ -- 0.2 -- 274 

 Total -- 0.2 -- 539 

 ♂ -- -- -- 202 
1935-36 ♀ -- -- -- 248 

 Total -- -- -- 450 

 ♂ -- -- -- 228 
1936-37 ♀ -- -- -- 245 

 Total -- -- -- 473 

 ♂ -- -- -- 165 
1937-38 ♀ 0.3 -- -- 208 

 Total 0.3 -- -- 373 

 ♂ -- -- -- 212 
1938-39 ♀ -- 0.2 -- 243 

 Total -- 0.2 -- 455 

 ♂ -- -- -- 214 
1939-40 ♀ -- -- -- 228 

 Total -- -- -- 442 

 ♂ -- -- -- 205 
1940-41 ♀ -- -- -- 185 

 Total -- -- -- 390 

 ♂ -- -- -- 165 
1941-42 ♀ -- 0.3 -- 212 

 Total -- 0.3 -- 377 

 
Averages * 

♂ -- -- --  
♀ 

Total 
+ 
+ 

0.1 
0.1 

+ 
+ 

 
Averages † 

♂ 
♀ 

Total 

-- 
+ 
+ 

-- 
0.
1 

0.1 

-- 
+ 
+ 

 
Totals 

♂ 
♀ 

Total 

-- 
1 
1 

-- 
3 
3 

-- 
1 
1 

1,822 
2,066 
3,888 

 
Grand  totals 

♂ 
♀ 

0 (0.0%) 
5 (0.1%) All fourth spawners 
5 (0.1 %) Total 

* Means of totals. 
† Means of seasonal percentages. 
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From Table 29 it will be seen that the representation of the different 
life history categories among the second spawners is not directly pro- 
portional to the representation of the life history categories from which 
they were derived among the first spawners.  For  example,  among  the 
first spawners the 2/2 fish are represented almost as strongly (26.5 
percent) as the 2/1 fish (29.8  percent),  while  among  the  second 
spawners the 2/1.1S.1 fish, derived from the former, form only 3.4 
percent of all fish, while the 2/1S.1 and 2/1S.2 fish, derived from the 

 
 

TABLE 29 
Waddell Creek, Steelhead: Derivation of Repeat Spawners From Previous Groups 

 
 

 
 
 

Sex 

 
First spawners 

 
Second spawners 

 
Third spawners 

 
Fourth spawners 

 
Category 

 
Percentage 
of all fish 

 
Category 

 
Percentage 
of all fish 

 
Category 

 
Percentage 
of all fish 

 
Category 

 
Percentage 
of all fish 

 
♂ 

 
 

2/1 

 
18.6 

 
2/1S.1 

 
4.7 

 
 

2/2S.1 

 
0.3 

 
 

2/3S.1 

 
--- 

♀ 11.2 2/1S.2 3.5 0.7 0.1 
Total  29.8  8.2  1.1  0.1 

♂  9.5  0.2  ---  --- 

♀ 2/2 17.0 2/1.1S.1 3.2 2/1.2S.1 0.4 2/1.3S.1 + 
Total  26.5  3.4  0.4  + 

♂  5.1  0.9  0.1   
♀ 3/1 5.4 3/1S.1 1.3 3/2S.1 0.2 3/3S.1 0.0 

Total  10.5  2.2  0.3   
♂  3.5 l/1S.1 0.5  0.1  --- 

♀ 1/1 1.5 1/1S.1 0.3 1/2S.1 0.1 1/3S.1 + 
Total  4.9  0.8  0.1  + 

♂  1.4  ---  ---   
♀ 3/2 3.0 3/1.1S.1 0.5 3/1.2S.1 0.2 3/1.3S.1 0.0 

Total  4.4  0.5  0.2   
♂  1.2  0.1     
♀ 1/2 3.0 l/1.1S.1 0.6 1/1.2S.1 0.1 1/1.3S.1 0.0 

Total  4.2  0.6  0.1   
♂  0.4  +  ---   
♀ 4/1 0.8 4/1S.1 0.2 4/2S.1 + 4/3S.1 0.0 

Total  1.2  0.2  +   
♂  0.1  ---     
♀ 4/2 0.2 4/1S.1.1 + 4/2S.1.1 0.0 4/3S.1.1 0.0 

Total  0.3  +     
♂  0.1       
♀ 2/3 0.1 2/2.1S.1 0.0 2/2.2S.1 0.0 2/2.3S.1 0.0 

Total  0.2       
♂  0.1       
♀ 1/3 + 1/2.1S.1 0.0 1/2.2S.1 0.0 1/2.3S.1 0.0 

Total  0.1       
♂  ---       
♀ 4/3 + 4/2.1S.1 0.0 4/2.2S.1 0.0 4/2.3S.1 0.0 

Total  +       
♂  +       
♀ 3/3 --- 3/2.1S. 1 0.0 3/2.2S. 1 0.0 3/2.3S. 1 0.0 

Total + 
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TABLE 30 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Spawning Experience and Total Age 
 

 
Season Total 

age 
Fish spawning for first time Fish spawning for second time Fish spawning for third time Fish spawning for fourth time  

Total 
2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7 

 
1933-34 

♂ 15 61 58 4 --- --- --- --- 23 3 --- --- --- --- 2 --- --- --- --- --- --- --- --- --- 166 
♀ 3 40 132 12 --- --- --- 1 14 12 1 ---- --- --- --- 2 3 2 --- --- --- --- --- 1 223 

total 18 101 190 16 --- --- --- 1 37 15 1 ---- --- --- 2 2 3 2 --- --- --- --- --- 1 389 

 
1934-35 

♂ 5 121 115 17 --- --- --- 2 3 2 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 265 
♀ 4 76 160 20 --- --- --- --- --- 13 --- --- --- --- --- --- --- --- --- --- --- --- 1 --- 274 

total 9 197 275 37 --- --- --- 2 3 15 --- --- --- --- --- --- --- --- --- --- --- --- 1 --- 539 

 
1935-36 

♂ 7 76 67 11 --- --- --- --- 31 10 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 202 
♀ 5 40 119 36 2 --- --- --- 9 33 2 --- --- --- --- --- 2 --- --- --- --- --- --- --- 248 

total 12 116 186 47 2 --- --- --- 40 43 2 --- --- --- --- --- 2 --- --- --- --- --- --- --- 450 

 
1936-37 

♂ --- 63 113 16 --- --- --- 1 22 7 1 --- --- --- --- 4 1 --- --- --- --- --- --- --- 228 
♀ 3 60 116 22 --- --- --- --- 11 17 7 --- --- --- --- 3 5 1 --- --- --- --- --- --- 245 

total 3 123 229 38 --- --- --- 1 33 24 8 --- --- --- --- 7 6 1 --- --- --- --- --- --- 473 

 
1937-38 

♂ --- 50 55 18 1 --- --- 2 23 15 --- --- --- --- --- 1 --- --- --- --- --- --- --- --- 165 
♀ 3 56 50 23 5 --- --- --- 24 33 6 --- --- --- 1 3 1 2 --- --- --- 1 --- --- 208 

total 3 106 105 41 6 --- --- 2 47 48 6 --- --- --- 1 4 1 2 --- --- --- 1 --- --- 373 

 
1938-39 

♂ 6 102 72 4 2 --- --- --- 19 5 --- --- --- --- --- 2 --- --- --- --- --- --- --- --- 212 
♀ 2 85 88 11 --- --- --- --- 20 15 7 1 --- --- --- 9 4 --- --- --- --- --- 1 --- 243 

total 8 187 160 15 2 --- --- --- 39 20 7 1 --- --- --- 11 4 --- --- --- --- --- 1 --- 455 

 
1939-40 

♂ 33 134 32 3 --- --- --- 2 9 1 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 214 
♀ 18 108 79 2 --- --- --- 1 13 3 --- --- --- --- --- 3 1 --- - --- --- --- --- --- 228 

total 51 242 111 5 --- --- --- 3 22 4 --- --- --- --- --- 3 1 --- --- --- --- --- --- --- 442 

 
1940-41 

♂ 27 116 33 --- 1 --- --- 5 22 1 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 205 
♀ 9 58 62 6 --- --- --- 6 32 10 --- --- --- --- --- 2 --- --- --- --- --- --- --- --- 185 

total 36 174 95 6 1 --- --- 11 54 11 --- --- --- --- --- 2 --- --- --- --- --- --- --- --- 390 

 
1941-42 

♂ 34 54 37 3 --- --- --- 6 22 2 --- --- --- --- --- 6 1 --- --- --- --- --- --- --- 165 
♀ 9 33 79 17 --- 1 --- 2 25 24 2 --- --- --- 1 9 7 2 --- --- --- --- 1 --- 212 

total 43 87 116 20 --- 1 --- 8 47 26 2 --- --- --- 1 15 8 2 --- --- --- --- 1 ---- 377 

 
Totals 

♂ 127 777 582 76 4 --- --- 18 174 46 1 --- --- --- 2 13 2 --- --- --- --- --- --- --- 1,822 
♀ 56 556 885 149 7 1 --- 10 148 160 25 1 --- --- 2 31 23 7 --- --- --- 1 3 1 2,066 

total 183 1,333 1,467 225 11 1 --- 28 322 206 26 1 --- --- 4 44 25 7 --- --- --- 1 3 1 3,888 
 

Totals in 
percentages 

♂ 
♀ 

total 

3.3 
1.4 
4.7 

20.0 
14.3 
34.4 

15.0 
22.8 
37.9 

2.0 
3.8 
5.8 

0.1 
0.2 
0.3 

--- 
+ 
+ 

--- 
--- 
--- 

0.5 
0.3 
0.7 

4.5 
3.8 
8.3 

1.2 
4.1 
5.3 

+ 
0.6 
0.7 

--- 
+ 
+ 

--- 
--- 
--- 

--- 
--- 
---- 

0.1 
0.1 
0.1 

0.3 
0.8 
1.1 

0.1 
0.6 
0.6 

--- 
0.2 
0.2 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
+ 
+ 

--- 
0.1 
0.1 

--- 
+ 
+ 

--- 
--- 
--- 
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2/1 group, form 8.2 percent of all fish. Therefore, it appears that sur- 
vival beyond first spawning is a function of total age, as well as  of 
number of spawnings. 

In Table 30 the fish discussed previously are grouped according to total 
age. 

It is believed that the general composition of the runs in Waddell Creek 
is representative of the composition of the runs in many other Pacific Coast 
streams under natural conditions. Comparisons are almost impossible to 
make, however, because the few published or otherwise available data are 
either (1) not representative of the entire runs for the localities in question 
or (2) not taken from localities in which normal conditions prevail. Even 
numerically adequate samples of the run in a given locality are apt not to 
be representative of the composition of the run, for the reason that the 
composition of the run changes markedly during a season, as will be shown 
on pages 141-142. Abnormal conditions are apt to alter the normal 
composition of a run in the following and other ways:  (1)  traps  at  egg 
taking stations often permit the escape of steelhead of small size; (2) the 
longer holding of males at egg taking stations is apt to diminish the 
percentage of repeat spawners among the males of the run; (3) the selection 
of parts of the run at an egg taking station for stripping of eggs is apt to 
diminish the number of repeat spawners among the fish selected for 
stripping, which are apt to represent certain life history categories more 
strongly than others; (4) a heavy fishery is apt to draw  on  certain  life 
history categories more strongly than on others. An attempt at comparison 
with other localities is further complicated by the fact that some published 
material has combined  first spawners  with repeat spawners. As we have 
seen from the preceding tables, the sex ratios within the life history cate- 
gories and total age groups and the proportions of the total run formed by 
the various life history categories and total age groups must be considered 
separately for first spawners and the various repeat spawners. 

An analysis of the complete run at Scott Creek during the  1932-33 
season is available, but it is doubtful that this run is representative  of 
normal conditions, as evidenced by the fact that the males formed only 26 
percent of the total run, while females formed 74 percent of the run. Of the 
total run of 377 fish, 59 percent had entered to spawn for the first time, 36 
percent for the second time, 4 percent for the third time, and 1 percent for 
the fourth time. Although the proportion of repeat spawners was greater 
than the average for Waddell Creek, it may be pointed out that in 
individual seasons the various groups of repeat spawners at Waddell Creek 
have approached or exceeded those from Scott Creek cited above. In 1937- 
38 the second spawners formed 27.6 percent of the run at Waddell Creek, 
while in 1941-42 the third spawners formed 7.2 percent of the run there. 

Pautzke and Meigs (1940) reported that of a sample  of  99  sea-run 
Puget Sound steelhead, only five fish (5.1 percent) had spawned pre- 
viously.25 Of these, two fish (2.0 percent),  one  male  and  one  female, 
were spawning for the second time and three fish (3.0 percent), all fe- 
males, were spawning for the third time. Total ages of the 99 fish were as 
follows: three years, 13  percent;  four years, 60 percent;  five  years, 23 
percent;  six  years,  4  percent.  At  Waddell  Creek,  the  total  ages  of  the 

 

25 
Two other fish, both males, had spawned prior to initial entry into salt water 
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TABLE 31 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Spawning Experience 
and Total Age (Summary) 

 

 
Spawning experience 

Total age  
Totals  

2 
 

3 
 

4 
 

5 
 

6 
 

7 

1st spawners 

2nd spawners 

3rd spawners 

4th spawners 

183 1,333 
28 

1,467 
322 

4 

225 
206 

44 

1 

11 
26 

25 

3 

1 
1 

7 

1 

3,220 
583 

80 

5 
 
Totals 

 
183 

 
1,361 

 
1,793 

 
476 

 
65 

 
10 

 
3,888 

 
Percentages 

 
4.7 

 
35.0 

 
46.1 

 
12.2 

 
1.7 

 
0.3 

 
100.0 

 
3,888 fish checked through the upstream trap have been as follows: two 
years, 4.7 percent; three years, 35.0 percent; four years, 46.1 percent; five 
years, 12.2 percent; six years, 1.7 percent; seven years, 0.3 percent. These 
figures are presented in tabular form in Table 31. 

In summing up the results from the available data, we may state that 
for steelhead runs the following facts exist: (1) at least 59 percent of the 
fish (at Waddell, at least 70 percent) are spawning for the first time 
(excluding fish that have spawned prior to initial entry into salt water) ; 
(2) fish spawning for a second time may form an important contribution, 
constituting as high as 36 percent of the total run; (3) fish spawning for 
the third time form a very minor part of the total run; (4) fish spawning 
for the fourth and fifth times form a negligible portion of the run; (5) 
fish of a total age of over six years form a negligible portion of the run; 
(6) no fish more than seven years old have been encountered. 
Fluctuations in the representation of the various life history categories 
and inadequate data prevent definite statements regarding the 
representation of the various  categories  beyond  the  one  that  it  is 
probable that 2/1 and 2/2 fish form the most important  contributions 
among normal populations, with 3/1, 1/1, 3/2, and 2/1S.1 occasionally 
contributing to an appreciable extent, No other categories have formed 
as much as 10 percent of the total run in any season at Waddell Creek, 
and also do not appear to be of importance in other streams. 

We may now turn to a discussion of size. In Table 32 the  seasonal 
average lengths of adults checked through the upstream trap have been 
arranged in the same manner as were percentages in Table 28. In pre- 
paring Table 32, however, all fish for which there was any question re- 
garding sex or scale interpretation of age, and also all known hatchery 
fish, have been eliminated, since in the  present  case  it  was  necessary 
only to obtain sufficient numbers to show representative lengths for the 
fish of each sex, by life history categories, in each season. 

The rate of growth is so much greater in  the  ocean  than  in  fresh 
water that it is obvious the ocean growth in general determines the size 
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TABLE 32 
 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Life History Category and Sex Mean Length (in cm.) 
 

 
Season 

 
Sex 

Fish spawning for first time 

1/1 2/1 3/1 4/1 1/2 2/2 3/2 4/2 1/3 2/3 3/3 4/3 

 
1933-34 

♂ 38.3  (13) 44.8  (43) 48.3  (4) ----- 67.0 ( 2) 71.0 ( 39) 77.0 (2) ----- ----- ----- ----- ----- 
♀ 38.0 (2) 49.9  (18) 49.3  (4) ----- 64.3  (12) 67.0 (108) 67.9  (7) ----- ----- ----- ----- ----- 

 total 38.3  (15) 46.3  (61) 48.8  (8) ----- 64.7  (14) 68.0 (147) 69.9  (9) ----- ----- ----- ----- ----- 

 ♂ 38.1  (5) 43.6 (100) 56.9  (69) ----- 63.9  (13) 71.1  (38) 75.9  (10) ----- ----- 77.0 (2) ----- ----- 
1934-35 ♀ 41.3  (4) 44.4  (41) 56.2  (83) 55.5  (1) 65.8  (32) 67.6  (66) 68.5  (12) ----- ----- 70.5  (1) ----- ----- 

 total 39.5  (9) 43.9 (141) 56.5 (152) 55.5  (1) 65.3  (45) 68.9 (104) 71.9  (22) ----- ----- 74.8 (3) --- --- 

 ♂ 39.6  (6) 42.8  (67) 48.8  (11) 53.5  (2) 68.5  (1) 67.8  (49) 70.2  ( 6) ----- ----- 79.5  (1) ----- ----- 
1935-36 ♀ 39.1  (5) 43.4  (32) 49.4  (18) ----- 62.0 (2) 65.1  (92) 70.0  (29) 73.0  (2) ----- ----- ----- ----- 

 total 39.4  (11) 43.0 (99) 49.2  (29) 53.5  (2) 64.2  (3) 66.0 (141) 70.0  (35) 73.0  (2) ----- 79.5  (1) --- --- 

 ♂ ----- 51.3  (37) 57.7  (49) 58.7  ( 5) 68.3  (4) 70.9  (36) 69.2  (3) ----- ----- 71.5  (1) ----- ----- 
1936-37 ♀ 37.5  (1) 53.3  (29) 55.7  (41) 57.3  ( 6) 66.5  (5) 67.0  (41) 68.5  (5) ----- ----- ----- ----- ----- 

 total 37.5  (1) 52.2  (66) 56.8  (90) 58.0  (11) 67.3  (9) 68.8  (77) 69.3  (8) ----- ----- 71.5  (1) - - 

 ♂ ----- 46.5  (43) 51.3  (5) ----- 71.5  (2) 70.0  (42) 72.7  (13) ----- ----- ----- ----- ----- 
1937-38 ♀ 40.2  (3) 51.3  (48) 51.5  (3) ----- 64.1  (5) 67.4  (39) 69.7  (17) 70.5  (2) ----- ----- ----- ----- 

 total 40.2  (3) 49.1  (91) 51.4  (8) ----- 66.2  (7) 68.8  (81) 71.0  (30) 70.5  (2) ----- ----- ----- ----- 

 ♂ 36.3  (6) 49.0 ( 93) 53.8  (11) 55.5  (1) 66.0 (2) 72.4  (47) ----- 79.5  (1) 77.5  (1) 73.5 (1) ----- ----- 
1938-39 ♀ 45.5  (2) 51.8  (70) 53.8  ( 3) ----- 68.0  (6) 69.2  (81) 69.6  (8) ----- ----- ----- ----- ----- 

 total 38.6  (8) 50.2 (163) 53.8  (14) 55.5  (1) 67.5  (8) 70.4 (128) 69.6  (8) 79.5  (1) 77.5  (1) 73.5  (1) ----- --- 

 ♂ 41.0  (23) 45.9 (114) 52.5  (2) ----- 64.6  ( 6) 70.0 (22) 73.0  (2) ----- ----- ----- ----- ----- 
1939-40 ♀ 42.1  (14) 50.0 (90) 55.5  (4) ----- 64.5  ( 8) 65.4 (69) 68.5  (1) ----- ----- ----- ----- ----- 

 total 41.4  (37) 47.7 (204) 54.5  (6) ----- 64.6  (14) 66.5  (91) 70.8 (3) ----- ----- ----- ----- ----- 

 ♂ 38.5  (23) 43.7  (96) ----- ----- 69.0  ( 2) 71.2  (28) ----- 79.5  (1) ----- ----- ----- ----- 
1940-41 ♀ 38.8  ( 6) 45.5  (37) 52.5  (1) ----- 67.9  (12) 66.8  (51) 70.6  (6) ----- 79.5  (I) ----- ----- ----- 

 total 38.6  (29) 44.2 (133) 52.5  (1) ----- 68.1  (14) 68.3  (79) 70.6  (6) 79.5  (1) 79.5  (1) ----- ----- --- 

 ♂ 37.0 (30) 42.1  (48) 52.8  (12) 59.5  (1) 58.0 ( 2) 68.2  (15) 64.5  (1) ----- ----- ----- ----- ----- 
1941-42 ♀ 38.1  ( 9) 44.3  (12) 54.6  ( 7) 55.5  (2) 60.9  (16) 65.1  (50) 66.5  (1) ----- ----- 69.5  (1) ----- ----- 

total 37.3  (39) 42.6  (60) 53.4 (19) 56.8 (3) 60.6  (18) 65.8 (65) 65.5  (2) ----- ----- 69.5  (1) ----- ----- 

 
Averages* 

♂ 38.5 (106) 45.3 (641) 55.6 (163) 57.3  ( 9) 65.4  (34) 70.4 (316) 72.9  ( 37) 79.5  (2) 77.5  (1) 75.7  (5) ----- ----- 
♀ 40.2 ( 46) 49.0 (377) 54.9 (164) 56.7  ( 9) 65.0 ( 98) 66.7 (597) 69.4  ( 86) 71.8  (4) 79.5  (1) 70.0  (2) ----- ----- 

total 39.1 (152) 46.7(1018) 55.3 (327) 57.0 (18) 65.1 (132) 68.0 (913) 69.5 (123) 74.3  (6) 78.5  (2) 74.1  (7) ----- ----- 

 
Averages † 

♂ 38.4 45.5 52.8 56.8 66.3 70.3 71.8 79.5 77.5 75.4 ----- ----- 
♀ 40.1 48.2 53.2 56.1 64.9 66.7 68.9 71.8 79.5 70.0 ----- ----- 

total 40.0 46.6 53.0 55.9 65.4 67.9 69.8 75.6 78.5 73.8 ----- ----- 
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TABLE 32 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Life History Category and Sex Mean Length (in cm.) 
 

 
Season 

 
Sex 

 
Fish spawning for second time 

 

1/1S.1 
 

1/1S/I 
 

2/1S.1 
 

3/1S.1 
 

4/1S.1 
 

1/1.1S.1 
 

2/1.1S.1 
 

3/1.1S.1 
 

4/1.1S.1 
 

2/1S.2 

 
1933-34 

♂ ----- ----- 61.1   (22) 60.0  (2) ----- ----- 67.5   (  1) ----- ----- ----- 
♀ 52.5   (1) ----- 62.0   (11) ----- ----- 69.5   (1) 75.2   (12) ----- ----- ----- 

 total 52.5   (1) ----- 61.4   (33) 60.0  (2) ----- 69.5   (1) 74.6   (13) ----- ----- ----- 

 ♂ 57.0   (2) ----- 57.2   (3) ----- ----- ----- ----- ----- ----- 78.5   (1) 
1934-35 ♀ ----- ----- ----- 69.0   (2) ----- ----- 74.7   (11) ----- ----- ----- 

 total 57.0   (2) ----- 57.2   (3) 69.0   (2) ----- ----- 74.7   (11) ----- ----- 78.5   (1) 

 ♂ ----- ----- 58.6   (26) 66.6   ( 6) ----- ----- 74.0  ( 2) ----- ----- ----- 
1935-36 ♀ ----- ----- 59.4   ( 8) 64.3   (16) 68.5   (1) ----- 73.2   (13) ----- ----- ----- 

 total ----- ----- 58.8  (34) 65.0   (22) 68.5   (1) ----- 73.3   (15) ----- ----- ----- 

 ♂ ----- ----- 63.0  (17) 65.0   (2) 64.5   (1) ----- ----- ----- ----- 74.5   (2) 
1936-37 ♀ ----- ----- 62.6   (9) 65.2   (3) ----- ----- 74.2   (9) 78.5   (7) ----- ----- 

 total ----- ----- 63.3   (26) 65.1   (5) 64.5   (1) ----- 74.2   (9) 78.5   (7) ----- 74.5   (2) 

 ♂ 39.5   (1) ----- 63.6   (19) 66.8   (12)  73.5   (1) 66.0  ( 2) ----- ----- ----- 
1937-38 ♀ ----- ----- 66.5   (20) 65.7   (14) 69.0   (2) 69.2   (3) 71.6   (15) ----- ----- ----- 

 total 39.5   (1) ----- 64.8   (39) 66.2   (26) 69.0   (2) 70.3   (4) 71.0  (17) ----- ----- ----- 

 ♂ ----- ----- 63.7   (15) 66.5   (1) ----- ----- 77.0  ( 2) ----- ----- ----- 
1938-39 ♀ ----- ----- 67.0   (19) 66.5   (2) ----- ----- 75.1   (11) 74.3   (4) 75.5   (1) ----- 

 total ----- ----- 65.5   (34) 66.5   (3) ----- ----- 75.4   (13) 74.3   (4) 75.5   (1) ----- 

 ♂ 59.0   (2) ----- 60.2   ( 6) ----- ----- 67.5   (1) ----- ----- ----- ----- 
1939-40 ♀ 54.5   (1) ----- 63.0   (11) ----- ----- ----- 75.5   (3) ----- ----- ----- 

 total 57.5   (3) ----- 62.0   (17) ----- ----- 67.5   (1) 75.5   (3) ----- ----- ----- 

 ♂ 60.5   (4) ----- 59.8   (20) ----- ----- ----- ----- ----- ----- ----- 
1940-41 ♀ 62.3   (4) ----- 61.9   (20) 64.8   (3) ----- 69.0  (6) 69.5   (5) ----- ----- ----- 

 total 61.4   (8) ----- 60.8   (40) 64.8   (3) ----- 69.0  (6) 69.5   (5) ----- ----- ----- 

 ♂ 57.7   (5) ----- 59.3   (21) 55.5   (1) ----- ----- 74.5   ( 1) ----- ----- ----- 
1941-42 ♀ 56.0  (2) ----- 59.6   (18) 63.5   (1) ----- 69.5   (5) 72.5   (19) 75.0  (2) ----- ----- 

 total 57.2   (7) ----- 59.4   (39) 59.5   (2) ----- 69.5   (5) 72.6   (20) 75.0  (2) ----- ----- 
 

Averages * 
♂ 57.3   (14) ----- 60.8   (149) 65.5   (24) 64.5   (1) 70.5   ( 2) 72.0   (    8) ----- ----- 75.8  (3) 
♀ 

total 
58.5   ( 8) 
57.7   (22) 

----- 
----- 

63.1   (116) 
61.8   (265) 

65.2 (41) 
65.3 (65) 

68.8  (3) 
67.8   (4) 

69.2   (15) 
69.4  (17) 

73.4   ( 98) 
73.3   (106) 

76.7   (13) 
76.7   (13) 

75.5   (1) 
75.5   (1) 

----- 
75.8  (3) 

 
Averages † 

♂ 
♀ 

54.7 
56.3 

----- 
----- 

60.7 
62.8 

63.4 
65.6 

64.5 
68.8 

70.5 
69.3 

71.8 
73.5 

----- 
75.9 

----- 
75.5 

76.5 
----- 

total 54.2 ----- 61.5 64.5 67.3 69.2 73.4 75.9 75.5 76.5 
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TABLE 32 — Continued 

Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, by Life History Category and Sex Mean Length (in cm.) 
 

 
Season 

 
Sex 

Fish spawning for third time Fish spawning for fourth time  
Total 

number 1/2S.1 2/2S.1 3/2S.1 4/2S.1 1/1.2S.1 2/1.2S.1 3/1.2S.1 1/3S.1 2/3S.1 2/1.3S.1 

 
1933-34 

♂ 71.0  (2) ----- ----- ----- ----- ----- ----- ----- ----- ----- 166 
♀ ----- 63.5 (1) 74.5 (1) ----- ----- 8l.5 (2) 79.5 (1) ----- ----- 80.5 (1) 223 

 total 71.0 (2) 63.5   (1) 74.5   (1) ----- ----- 81.5   (2) 79.5   (1) ----- ----- 80.5   (1) 389 

 ♂ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 265 
1934-35 ♀ ----- ----- ----- ----- ----- ----- ----- ----- 76.5 (1) ----- 274 

 total ----- ----- ----- ----- ----- ----- ----- ----- 76.5   (1) ----- 539 

 ♂ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 202 
1935-36 ♀ ----- ----- ----- ----- ----- 76.5  (2) ----- ----- ----- ----- 248 

 total ----- ----- ----- ----- ----- 76.5   (2) ----- ----- ----- ----- 450 

 ♂ ----- 69.5   (3) ----- ----- ----- ----- ----- ----- ----- ----- 228 
1936-37 ♀ ----- ----- 70.7 (5) ----- 75.5 (1) ----- 72.5 (1) ----- ----- ----- 245 

 total ----- 69.5  (3) 70.7   (5) ----- 75.5   (1) ----- 72.5   (1) ----- ----- ----- 473 

 ♂ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 165 
1937-38 ♀ 76.5 (1) 63.5 (1) ----- ----- ----- ----- ----- 67.5 (1) ----- ----- 208 

 total 76.5   (1) 63.5   (1) ----- ----- ----- ----- ----- 67.5   (1) ----- ----- 373 

 ♂ ----- 72.5   (2) ----- ----- ----- ----- ----- ----- ----- ----- 212 
1938-39 ♀ ----- 72.8   (6) 74.0 (2) ----- ----- 82.5  (1) ----- ----- ----- ----- 243 

 total ----- 72.8  (8) 74.0  (2) ----- ----- 82.5   (1) ----- ----- ----- ----- 455 

 ♂ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 214 
1939-40 ♀ ----- 73.5 (1) ----- ----- ----- ----- ----- ----- ----- ----- 228 

 total ----- 73.5   (1) ----- ----- ----- ----- ----- ----- ----- ----- 442 

 ♂ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 205 
1940-41 ♀ ----- 67.0 (2) ----- ----- ----- ----- ----- ----- ----- ----- 185 

 total ----- 67.0  (2) ----- ----- ----- ----- ----- ----- ----- ----- 390 

 ♂ ----- 65.7   ( 5) ----- ----- ----- ----- ----- ----- ----- ----- 165 
1941-42 ♀ 70.5 (1) 68.5   ( 9) 7l.5    (1) ----- ----- 75.0 (6) 70.5 (1) ----- ----- ----- 212 

total 70.5   (1) 67.5   (14) 71.5   (1) ----- ----- 75.0  (6) 70.5   (1) ----- ----- ----- 377 

Averages 
* 

♂ 
♀ 

total 

71.0  (2) 
73.5   (2) 
72.3   (4) 

68.2   (10) 
69.4   (20) 
69.0  (30) 

----- 
7l.9    (9) 

71.9   (9) 

----- 
----- 
----- 

----- 
75.5   (l ) 

75.5   (1) 

----- 
77.1   (11) 
77.1   (11) 

----- 
74.2   (3) 
74.2   (3) 

----- 
67.5    (l) 

67.5   (1) 

----- 
76.5   (1) 

76.5   (1) 

----- 
80.5   (1) 

80.5   (1) 

----- 
----- 
----- 

Averages 
† 

♂ 
♀ 

total 

71.0 
73.5 
72.7 

69.2 
68.1 
68.2 

----- 
72.7 
72.7 

----- 
----- 
----- 

----- 
75.5 
75.5 

----- 
78.9 
78.9 

----- 
74.2 
74.2 

----- 
67.5 
67.5 

----- 
76.5 
76.5 

----- 
80.5 
80.5 

----- 
----- 
----- 

* Means of totals. 
† Means of seasonal averages 
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attained by the fish of a given sex and life history category in a given 
season. Certain exceptions to this rule will be discussed further in this 
section. 

In the case of the silver salmon (page  46  and  Table  8)  we  saw  that 
there was a tendency for males to attain a larger size  than  females.  A 
careful study of the data in Table 32 reveals some very interesting facts 
in this regard for the  steelhead.  Taking  up  the  first  spawners,  we  find 
that among the fish that have spent two or  more  years  at  sea  prior  to 
return to fresh water, the males on the average attain a larger size than 
do females. This is shown most clearly for those categories for which the 
numbers of fish (shown in parentheses in Table 32) are the largest, large 
enough to be significant. In the case of the 2/2 fish, which are by far the 
most numerous in this group and the scales of which are the easiest to 
interpret, the males average larger than the females in each season. 

Among the fish that returned to spawn after only one year  at  sea, 
among the most numerous group (2/1)  the  females  attain  a  larger  size 
than do the males. This is true in every season. In the case of the 1/1 
fish, the average size of females is greater than that of males  for  all 
seasons combined, and also in five of the seven seasons for which both 
males and females were available. 

In the case of the 3/1 fish, the females are larger than the males if the 
average for all seasons combined is calculated as means of seasonal 
averages (assumption that the seasonal averages are representative of the 
particular season), but the males are larger than the females if the 
averages are based on total numbers. A very interesting fact is revealed 
by an examination of the situation in individual seasons. It is seen that in 
those seasons in which the fish of this category were the largest (es- 
pecially 1936-37 and 1934-35, with the largest numbers of  fish)  the 
males averaged larger than the females, while in those seasons in which 
the fish were markedly below average in size (1933-34 and 1935-36) the 
females averaged larger than the males. 

In the case of the 4/1 fish, the numbers are probably too small to reach 
valid conclusions. 

What is the explanation for the general tendency of males to reach a 
larger size than females among the fish spending two years at sea before 
returning to fresh water, and females to reach a larger size than males 
among the fish spending one year at sea before returning to fresh water? 
The most plausible explanation which occurs to the writers is that  a 
greater proportion of males than of females has attained sexual maturity 
in fresh water prior to initial entry into the ocean among the fish 
returning to fresh water after one year at sea than among those returning 
after two years at sea. We know that among various species, including 
the Pacific salmons, males often mature precociously. Why the relative 
percentage of males attaining such precociousness should be greater 
among the fish returning after one year at sea than among those returning 
after two years at sea is not known, but may be dependent upon  size 
attained in fresh water by grilse in comparison with size attained in the 
same length of time by fish which return after two years at sea, or may 
be dependent upon some other phase of the biology of the fish. 
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It appears that the reason why among the 3/1 fish the males average 
larger than the females in those seasons in which the fish of this category 
are larger than average, while the females average larger than the males 
in those seasons in which the fish are smaller than  average,  may  be 
bound up with the proportionate numbers of fish of each sex reaching 
precocious sexual maturity under conditions  producing  larger  than 
average fish and smaller than average fish. It will be noticed that among 
both the 3/1 and 2/1 fish there is proportionately more fluctuation in size 
from season to season than among other life history categories.  The 
reason for this lies partly in growth  conditions  at  sea,  but  is  probably 
even more dependent upon the proportion which have spent a  growing 
season in the lagoon. The proportion which does this is determined not 
only by the biology of the fish but  also  by  fluctuating  physical 
conditions. In some seasons a deep and large lagoon has persisted 
through the summer, while in other seasons there has been hardly any 
lagoon. In those seasons in which a large proportion of the fish had spent 
a summer in the lagoon, the average size is larger, while in those seasons 
in which a small proportion had spent a summer in the lagoon,  the 
average size is smaller. The presence of fish of both types in the same 
season results  in bimodal  length-frequency distributions  for fish of  the 
same life history category. 

It is possible that secondary sexual characters, especially the elongated 
snout of males, play some part in determining the relative size of males 
and females among the different life history categories, but that these are 
not of primary importance is indicated by the fact that among the various 
categories of fish spawning for a second or third time we find that the 
same size relationships persist: among the repeat spawners derived from 
first spawners which had returned to fresh water after one year at sea the 
females are larger than the males. This is clearly brought out in Table 33. 
Numbers of repeat spawners derived from first spawners which had 
returned to fresh water after two or more years at sea are so small that 
the probable reverse tendency among them is not clearly marked. 

The data in Table 33 also indicate that growth is resumed following 
spawning among all life history categories. The only exceptions occur 
among two minor groups, 3/1.1S.1 and  1/2S.1;  small  numbers  of  fish 
may well be the cause of the apparent lack of growth in these cases. 

From Table 33 it is also seen that the greatest increase in growth 
following first spawning, both absolute and relative, is made by the 1/1 
group (males 18.8 cm., 49  percent; females 18.3 cm., 46 percent; total 
18.6 cm., 48 percent), followed by the 2/1 fish (males 15.5 cm., 34 
percent; females 14.1 cm., 29 percent; total 15.1 cm., 32 percent). Thus, 
it is evident that the greatest increase is made by the smallest fish. That 
increase is dependent upon size and not age may be seen from a 
comparison of the growth made by the 1/2 fish (males 5.1 cm., 8 percent; 
females 4.2 cm., 6 percent; total 4.3 cm., 7 percent), with that made by 
the 2/1 fish, which are of the same age. 

That relative size attained by males and females is not a function of 
age alone is shown by the fact that among 2/1 fish females consistently 
attain a larger average size than do males, while among 1/2 fish males 
consistently attain a larger average size than do females. 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 135  
 

An extremely interesting and important fact to be noted from 
Table 32 is that, as in the case of the silver salmon, the size attained 
in a given season by one sex of a given life history category is paral-  
leled by the size attained by the other sex,  with  due  allowance  in 
those cases in which numbers of fish are small. This coupled with the 
facts (1) that significant differences exist in average size attained by 
fish of the same life history category in different seasons and (2) that 
there  appears  to  be  a  lack  of  correlation  between  the  average  size 

 

 
TABLE 33 

 
Waddell Creek, Steelhead: Adults Checked Through Upstream Trap, Arranged to Show Growth of Repeat 

Spawners Derived From Various Life History Categories 
 

 
 

Sex 

 
First spawners 

 
Second spawners 

 
Third spawners 

 
Fourth spawners 

 
Category 

 
Mean length 

in cm.* 

 
Category 

 
Mean length 

in cm.* 

 
Category 

 
Mean length 

in cm.* 

 
Category 

Mean 
length in 

cm.* 

♂ 
♀ 

total 

 
2/1 

45.3(641) 
49.0(377) 

46.7 (1018) 
} 

 
2/1S.1 

60.8 (149) 
63.1(116) 
61.8(265) 

} 
 

2/2S.1 
68.2  (10) 
69.4  (20) 
69.0  (30) 

} 
 

2/3S.1 
--- 

76.5 (1) 
76.5 (1) 

♂ 
♀ 

total 

 
2/2 

70.4 (316) 
66.7 (597) 
68.0(913) 

} 
 

2/1.1S.1 
72.0  (8) 
73.4  (98) 
73.3 (106) 

} 
 
2/1.2S.1 

--- 
77.1 (11) 
77.1  (11) 

} 
 
2/1.3S.1 

--- 
80.5  (1) 
80.5 (1) 

♂ 
♀ 

total 

 
3/1 

55.6(163) 
54.9 (164) 
55.3 (327) 

} 
 

3/1S.1 
65.5  (24) 
65.2 (41) 
65.3 (65) 

} 
 

3/2S.1 
--- 

71.9    (9) 
71.9   (9) 

} 
 

3/3S.l 
--- 
--- 
--- 

♂ 
♀ 

total 

 
1/1 

38.5(106) 
40.2  (46) 
39.1 (152) 

} 
 

1/1S.1 
57.3  (14) 
58.5    (8) 
57.7 (22) 

} 
 

l/2S.1 
71.0   (2) 
73.5   (2) 
72.3    (4) 

} 
 

l/3S.l 
--- 

67.5  (1) 
67.5  (1) 

♂ 
♀ 

total 

 
3/2 

72.9  (37) 
69.4  (86) 
69.5(123) 

} 
 

3/1.1S.1 
--- 

76.7 (13) 
76.7 (13) 

} 
 

3/1.2S.l 
--- 

74.2 (3) 
74.2    (3) 

} 
 

3/l.3S.l 
--- 
--- 
--- 

♂ 
♀ 

total 

 
1/2 

65.4  (34) 
65.0 (98) 
65.1 (132) 

} 
 

1/1.1S.1 
70.5    (2) 
69.2  (15) 
69.4 (17) 

} 
 
1/1.2S.1 

--- 
75.5   (1) 
75.5    (1) 

} 
 

1/1.3S.l 
--- 
--- 
--- 

♂ 
♀ 

total 

 
4/1 

57.3    (9) 
56.7    (9) 
57.0  (18) 

} 
 

4/1S.1 
64.5    (1) 
68.8    (3) 
67.8    (4) 

} 
 

4/2S.1 
--- 
--- 
--- 

} 
 

4/3S.1 
--- 
--- 
--- 

♂ 
♀ 

total 

 
4/2 

79.5   (2) 
71.8    (4) 
74.3    (6) 

} 
 

4/1.1S.1 
--- 

75.5    (1) 
75.5    (1) 

} 
 
4/1.2S.1 

--- 
--- 
--- 

} 
 

4/1.3S.l 
--- 
--- 
--- 

♂ 
♀ 

total 

 
2/3 

75.7    (5) 
70.0    (2) 
74.1    (7) 

} 
 

2/2.1S.1 
--- 
--- 
--- 

} 
 
2/2.2S.1 

--- 
--- 
--- 

} 
 
2/2.3S.1 

--- 
--- 
--- 

♂ 
♀ 

total 

 
1/3 

77.5    (1) 
79.5    (1) 
78.5    (2) 

} 
 

1/2.1S.1 
--- 
--- 
--- 

} 
 
1/2.2S.1 

--- 
--- 
--- 

} 
 
1/2.3S.1 

--- 
--- 
--- 

♂ 
♀ 

total 

 
4/3 

--- 
--- 
--- 

} 
 

4/2.1S.1 
--- 
--- 
---- 

} 
 
4/2.28.1 

--- 
--- 
--- 

} 
 

4/2.3S.l 
--- 
--- 
--- 

♂ 
♀ 

total 

 
3/3 

--- 
--- 
--- 

} 
 

3/2.1S.1 
--- 
--- 
---- 

} 
 

3/2.2S.1 
--- 
---- 
---- 

} 
 
3/2.3S.1 

--- 
--- 
--- 

* Mean of totals. 
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TABLE 34 

 
Waddell Creek, Steelhead: Mean Length (in cm.) of Comparable First Spawners and Repeat Spawners to Show Effect of Spawning on Growth 

 

 
Season 

 
Sex 

One stream, two ocean Two stream, two ocean  Three stream, two ocean Four stream, two ocean 

1/ 2 1/1S.1 2/2 2/1S.1 3/ 2 3/1S.1 4/2 4/1S.1 

 
1933-34 

♂ 67.0 (2) ----- 71.0 (39) 61.1 (22) 77.0 (2) 60.0 (2) ----- ----- 

♀ 64.3 (12) 52.5 (1) 67.0 (108) 62.0 (11) 67.9 (7) ----- ----- ----- 

total 64.7 (14) 52.5 (1) 68.0 (147) 61.4 (33) 69.9 (9) 60.0 (2) ----- ----- 

 
1934-35 

♂ 63.9 (13) 57.0 (2) 71.1 (38) 57.2 (3) 75.9 (10) ----- ----- ----- 

♀ 65.8 (32) ----- 67.6 (66) --- -- 68.5 (12) 69.0 (2) ----- ----- 

total 65.3 (45) 57.0 (2) 68.9 (104) 57.2 (3) 71.9 (22) 69.0 (2) ----- ----- 

 
1935-36 

♂ 68.5 (1) ----- 67.8 (49) 58.6 (26) 70.2 (6) 66.6 (6) -----  -----  
♀ 62.0 (2) ----- 65.1 (92) 59.4 (8) 70.0 (29) 64.3     (16) 73.0 (2) 68.5 (1) 

total 64.2 (3) ----- 66.0 (141) 58.8 (34) 70.0 (35) 65.0     (22) 73.0 (2) 68.5 (1) 

 
1936-37 

♂ 68.3 (4) ----- 70.9 (36) 63.0 (17) 69.2 (3) 65.0 (2) ----- 64.5 (1) 

♀ 66.5 (5) ----- 67.0 (41) 62.6 (9) 68.5 (5) 65.2 (3) ----- -----  
total 67.3 (9) ----- 68.8 (77) 63.3 (26) 69.3 (8) 65.1 (5) ----- 64.5 (1) 

 
1937-38 

♂ 71.5 (2) 39.5 (1) 70.0 (42) 63.6 (19) 72.7 (13) 66.8     (12) -----  -----  
♀ 64.1 (5) ----- 67.4 (39) 66.5 (20) 69.7 (17) 65.7     (14) 70.5 (2) 69.0 (2) 

total 66.2 (7) 39.5 (1) 68.8 (81) 64.8 (39) 71.0 (30) 66.2     (26) 70.5 (2) 69.0 (2) 

 
1938-39 

♂ 66.0 (2) ----- 72.4 (47) 63.7 (15) --- -- 66.5 (1) 79.5 (1) ----- 

♀ 68.0 (6) ----- 69.2 (81) 67.0 (19) 69.6 (8) 66.5 (2) -----  ----- 

total 67.5 (8) ----- 70.4 (128) 65.5 (34) 69.6 (8) 66.5 (3) 79.5 (1) ----- 

 
1939-40 

♂ 64.6 (6) 59.0 (2) 70.0 (22) 60.2 (6) 73.0 (2) ----- ----- ----- 

♀ 64.5 (8) 54.5 (1) 65.4 (69) 63.0 (11) 68.5 (1) ----- ----- ----- 

total 64.6 (14) 57.5 (3) 66.5 (91) 62.0 (17) 70.8 (3) ----- ----- ----- 
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TABLE 34 (continued) 

Waddell Creek, Steelhead: Mean Length (in cm.) of Comparable First Spawners and Repeat Spawners to Show Effect of Spawning on Growth 

 
1940-41 

♂ 

♀ 

total 

69.0 (2) 

67.9    (12) 

68.1    (14) 

60.5 (4) 

62.3 (4) 

61.4 (8) 

71.2    (28) 

66.8    (51) 

68.3    (79) 

59.8    (20) 

61.9    (20) 

60.8    (40) 

----- 

70.6 (6) 

70.6 (6) 

----- 

64.8 (3) 

64.8 (3) 

79.5 (1) 

----- 

79.5 (1) 

----- 

----- 

----- 

 
1941-42 

♂ 

♀ 

total 

58.0 (2) 

60.9    (16) 

60.6    (18) 

57.7 (5) 

56.0     (2) 

57.2 (7) 

68.2    (15) 

65.1    (50) 

65.8    (65) 

59.3    (21) 

59.6    (18) 

59.4    (39) 

64.5 (1) 

66.5 (1) 

65.5 (2) 

55.5 (1) 

63.5 (1) 

59.5 (2) 

----- 

----- 

----- 

----- 

----- 

----- 

 
Average * 

♂ 

♀ 

total 

65.4    (34) 

65.0    (98) 

65.1  (132) 

57.3    (14) 

58.5 (8) 

57.7    (22) 

70.4 (316) 

66.7  (597) 

68.0  (913) 

60.8 (149) 

63.1  (116) 

61.8  (265) 

72.9    (37) 

69.4    (86) 

69.5  (123) 

65.5    (24) 

65.2 (41) 

65.3 (65) 

79.5 (2) 

71.8 (4) 

74.3 (6) 

64.5     (1) 

68.8     (3) 

67.8     (4) 

 
Averages † 

♂ 

♀ 

total 

66.3 

64.9 

65.4 

54.7 

56.3 

54.2 

70.3 

66.7 

67.9 

60.7 

62.8 

61.5 

71.8 

68.9 

69.8 

63.4 

65.6 

64.5 

79.5 

71.8 

75.6 

64.5 

68.8 

67.3 

* Mean of totals. † Mean of seasonal averages. 
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of the downstream migrants of a given age and year class and returning 
adults derived from them, indicates that conditions in the ocean may vary 
sufficiently from season to season to  affect  markedly  the  size  of 
steelhead from a given stream. 

Any attempt to determine the influence of a particular ocean year on 
the average size of the adults of a given life history category is obscured 
by many factors, including small numbers, precocious maturity and 
residence in the lagoon (particularly in the case of the grilse), different 
average lengths of time spent at sea during the same growth season by 
fish of different life history categories (because of  different  migration 
times both downstream and upstream), and different sex ratios among the 
different life history categories. However, there does appear to be a 
tendency for the 1/2, 2/2, and 3/2 groups, fish of different year classes 
and life history categories but the same ocean histories, to parallel each 
other in growth achieved in certain seasons. We may note that in the 1941-
42 season the fish not only of these categories, but also of all the other 
more important categories, were of markedly below average size. It is of 
extreme interest that in the same season the silver salmon were also 
decidedly below average in size (Table 8). Thus, the ocean growth season 
of 1941-42 (i.e., principally summer of 1941) appears to have been a very 
poor one for both steelhead and silver salmon. 

One other interesting fact may be demonstrated by the data in Table 
32: the repeat spawners of a given life history category are markedly 
smaller than first spawners of the same year class which have spent the 
same number of seasons in fresh water and in the ocean. For example, the 
1/2 fish may be compared with the 1/1S.1 fish, the  2/2  fish  with  the 
2.1S.1 fish, etc. These data are singled out in Table 34, which  shows 
clearly how spawning cuts down the subsequent size of  the  fish. 
Exceptions occur: individual fish complete their spawning and return to 
sea in short order, and so make rapid growth again. 

 
TABLE 35 

 
Waddell Creek, Steelhead: Spawning Runs, by Seasons 

 

 
Season 

 

Checked through 
upstream trap 

 

Jumped 
over dam 

 

Spawned 
below dam 

 

Total 
run 

 
♂ 

 
♀ 

 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 
 

♂ 
 

♀ 
 

Total 

1933-34 166 223 389 33 9 42 20 35 55 219 267 486 

1934-35 265 274 539 3 -- 3 7 5 12 275 279 554 

1935-36 202 248 450 42 6 48 7 8 15 251 262 513 

1936-37 228 245 473 10 -- 10 11 10 21 249 255 504 

1937-38 165 208 373 10 -- 10 25 20 45 200 228 428 

1938-39 212 243 455 -- -- -- 5 6 11 217 249 466 

1939-40 214 228 442 25 5 30 10 10 20 249 243 492 

1940-41 205 185 390 25 5 30 10 10 20 240 200 440 

1941-42 165 212 377 30 10 40 16 16 32 211 238 449 

Totals 

Averages 

 
1,822 

 
2,066 

 
3,888 

 
178 

 
35 

 
213 

 
111 

 
120 

 
231 

 
2,111 

 
2,221 

 
4,332 

 
202 

 
230 

 
432 

 
20 

 
4 

 
24 

 
12 

 
13 

 
25 

 
234 

 
247 

 
481 
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It is of interest that Waddell Creek steelhead achieve approximately the 
same length as silver salmon of the same life history categories, as follows: 

 

 1/1 males 1/2 males 1/2 females 

Steelhead 38.5 65.4 65.0 
Silver salmon 40.6 64.7 63.9 

Very few data on lengths of steelhead from other streams are available 
for comparison, but there is some unpublished  evidence  that  steelhead 
(and silver salmon) from the Columbia River are larger, while those from 
the Klamath River are smaller, than comparable Waddell Creek fish. It 
appears, therefore, that the size of steelhead is not correlated with the 
size or latitude of the home stream. 

The previous tables of this section have dealt with the fish which were 
checked through the upstream trap. In addition, in all seasons a number 
of fish spawned below the dam and in all seasons but one a 
comparatively small number of fish succeeded in jumping over the dam 
at extreme flood stage. Estimates of the numbers of such fish were made 
and are included in Table 35, which shows the estimated total runs into 
Waddell Creek.26 It is assumed that the sex-life history composition of 
the fish spawning below the dam was essentially the  same  as  that  of 
those spawning above; field observations yielded no evidence to indicate 
that this assumption was not valid. From an examination of the figures in 
Table 35 it is obvious that among fish jumping over the dam males were 
in excess of females out of all proportion to the sex ratio among  fish 
checked through the upstream trap. Examination of unclipped fish seen 
spawning or found dead above the dam and checked downstream after 
spawning, as well as general field observations, has shown that males are 
much more successful than females in jumping a fall such as that created 
by the dam. However, the numbers of fish which jumped over the dam 
are comparatively so small that they alter the general picture of the 
composition of the expected steelhead spawning run but little. 

 
Sex Ratio 

From Tables 28 and 29 it is seen that both among first spawners and 
second spawners, males characteristically predominate in certain cate- 
gories, while females predominate in others. It will be found that among 
both first spawners and second spawners, males predominate in the life 
history categories forming the fish of the lesser total ages, while females 
predominate in those forming the fish of the greater total ages. This was 
shown clearly in Table 30, in which the fish discussed previously were 
grouped according to total age. 

From this table it is seen  that  in  considering  sex  ratios  when  the 
fish are grouped according to total age, the first , second,  third,  and 
fourth spawners must be considered separately. It will be noticed that 

 

26 
Fish which had been checked through the upstream trap could be distinguished from unchecked fish, since 

in the former the anterior corner of the dorsal was clipped when the fish were checked. Estimates of the 
numbers of males and females, respectively, which jumped over the dam in each season were based on 
the proportions of clipped to unclipped fish seen spawning, found dead, and checked downstream after 
spawning and on other field observations. Estimates of the numbers of males and females which 
spawned below the dam in each season were based on the numbers seen spawning and on other field 
observations. 
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among the first spawners, females predominate among the  four-year 
fish, while among the second spawners males predominate among the 
four-year fish. 

Referring back to Table 29, we see that  survival  following 
spawning is higher among females than among males. Even in those 
groups in which males predominated when the fish entered as first 
spawners, the relatively higher survival among females persists through 
each successive spawning, until finally the females are numerically 
superior. As a result, there are very few males among the older groups 
of repeat spawners. One might expect that the spawning act  would 
affect the females more than the males, especially since the females dig 
the nests, and so that a reverse phenomenon would be encountered. 
However, the lower survival among males  probably  results  from  the 
fact that males serve more than one female, and so are exposed not only 
to prolonged physical exertion, but  also  to  the  dangers  of  being 
stranded in the stream by lowering water levels and the closing of the 
bar at the mouth of the stream. It is possible that in large streams, the 
mouths of which remain permanently open, survival among males is 
somewhat higher than in the smaller streams, like Waddell Creek. 

It is obvious from the preceding discussion that we cannot speak 
of the sex ratio of the steelhead run as a whole, without considering the 
ramifications and complexities created by the  multiplicity  of  life  his- 
tory categories, differential survival of sexes  among  repeat  spawners, 
and variations of behavior within certain life history categories. How- 
ever, it may be of interest also to consider the end result as regards sex 
ratio, keeping in mind the various factors that create it. From Tables 28 
and 35 we see that on the average the sex ratio for the run as a whole is 
one male to 1.13 females (47 percent to 53 percent) if only the fish 
checked upstream are considered, and one male to 1.05 females (49 
percent to 51 percent) if the estimated total run is used. Among first  
spawners, the ratio is 1:1.05 (49:51 percent) for fish checked upstream, 
and 1.02:1 (50:50 percent) for those in the estimated total run. 

Despite possible slight variations from the above figures in the 
ratios actually existing under natural conditions in various streams, it is 
evident that some unnatural factors are operating at egg collecting 
stations and other places where females are greatly in excess of males, 
sometimes as much as six females to one male. 

An excess of females over males among the  first  spawners  that 
have spent two years or more at sea prior to return to fresh water is 
theoretically to be expected, assuming a 1:1 sex ratio among juveniles 
and an equal mortality rate among males and  females  in  the  ocean, 
since males predominate among the grilse. The general picture for the 
steelhead first spawners is much the same as that for the silver salmon, 
although females are represented to some extent  among all categories 
of steelhead grilse, while the silver salmon grilse are all males. 

In the following subsection we shall consider another phase of this 
subject, the normally changing sex ratios during the course of a spawn- 
ing run. 
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Changes in Sex-Life History Category Composition During the Run 
 

The life history category and sex composition of the runs is not the 
same throughout the season. As in the case of the silver salmon, males 
predominate in the early portions of the runs,  while  females  predom- 
inate in the latter portions. This change in sex ratio may  be  noted  in 
Figure 23 and Table 27. 

Since the sexes and life history  categories  are  associated,  it  follows 
that changes in the representation of the life history categories also occur 
throughout the run. Of the  principal  categories,  the  2/1  fish  of  smaller 
size predominate strongly in the early part of the run. There appears to be 
a general tendency for 2/2 fish to appear in increasing  numbers  as  the 
season progresses, reaching a peak at midseason, and thereafter declining 
in numbers. The larger grilse, composed of the 3/1 fish and the larger 2/1 
fish, do not appear in large numbers until March or the latter part of 
February, and thenceforth increase in relative abundance during the 
remainder of the season. Most of the other categories occur in numbers 
too small to note definite trends.  Even  in  the  case  of  the  major 
categories, exceptions occur, but the generalizations stated probably 
represent the normal pattern. Seasonal changes in the runs of six of the 
most important life history categories of Waddell Creek steelhead are 
shown in Figure 25 (and Table A-15 of the Appendix). 

Sportsmen and others have noted the variations in the composition 
of the steelhead runs in streams which have not been investigated from 
a biological  viewpoint. They  speak of the occurrence of small  fish in 
the early  part of  the run,  followed  by  the  "large winter  steelhead," in 
turn  followed  by  fish  of  medium  size,  often  known  as  "bluebacks". 

 

 
FIGURE  25.      Seasonal distribution of life history categories in the Waddell Creek steelhead 

spawning  run. 
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Deviations from the basic pattern are caused by abnormal environmental 
conditions, such as prolonged low stream flow, which  delays  the 
movement of some categories and the subsequent bunching of various 
categories when conditions again become suitable for  upstream  migra- 
tion, and abnormal abundance or scarcity of certain life history cate- 
gories. 

The changing sex ratio in the steelhead run as a whole is accentuated 
by the fact that within certain life history categories the sex ratio changes 
in the same direction within the course of a season. Within the 2/1 group, 
males are greatly in excess at the beginning of the run, the sexes are 
approximately equally represented by the latter part of February or the 
early part of March, while females are usually somewhat in excess by the 
end of the run. Within the 2/2 group, there is some indication that males 
are more abundant in the early than in the late part of the run. Trends 
among the other categories are not evident. 

 
Factors Influencing the Time of Upstream Migration 

It has already been pointed out that in certain streams entry and 
upstream migration may necessarily be delayed by physical conditions. 
In many streams the first heavy upstream migrations coincide with large 
increases in stream flow, especially in streams which attain low summer 
levels, but such migrations often do not occur with the first large 
increases in stream flow. 

As in the case of the silver salmon, the writers believe that in Waddell 
Creek and similar small streams there is also a definite relationship 
between ascension of the streams by spawning fish and flow  of  water, 
which so far it has proved impossible to show quantitatively, because of 
the existence of several variables. Steelhead, like silver salmon, ascend 
both on rising and falling stream levels, but cease movement during peak 
floods. However, the number of fish taken during any given water height 
is not approximately the same, but depends upon the proportion of the 
run that has already ascended the stream during the storm and during the 
season, upon preceding flows and climatic conditions, and possibly upon 
other factors, such as sexual ripeness of fish and turbidity of water. For 
example, on more than one occasion a number of steelhead have entered 
Waddell Creek during a storm or series of storms, but have "holed up" in 
pools in the lower portion of the stream, below the trap, as a result of 
sudden cessation of the storm and lowering of flow. These fish tend to 
remain "holed up" until a change of weather occurs, in which case even a 
light rain and small rise in stream level will cause  a  large  number  to 
ascend the stream or spawn below the pool in which they had waited. In 
this respect the steelhead appear to be less demanding than the silver 
salmon, sometimes ascending the stream or dropping below to spawn if 
the period of  fair weather is quite prolonged. In general, the steelhead 
appear to be less exacting than silver salmon as regards the conditions 
under which they will spawn or ascend an obstacle in a stream, such as a 
fishway. Diurnal fluctuations in migration may now be considered. 

Steelhead, silver salmon, and king salmon move upstream mainly in 
the daytime. Observations by Chapman (1941), Neave (1943), and the 
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writers which substantiate this statement were discussed in the com- 
parable section for silver salmon (page 55). It was also pointed out that 
various workers have noted the occasional occurrence of periods of 
relative inactivity in upstream movement of various salmonids within the 
daylight hours, but that 110 correlations between such fluctuations in 
movement during the daytime and environmental factors have been 
demonstrated. As Chapman (1941) pointed out,  they  are  "probably 
multiple with complex inter-relationships." It was noted that particularly 
at Scott Creek two daily peaks of  migration  among  the  steelhead  have 
been observed by the writers on successive days, without any marked 
changes in stream discharge, turbidity of water, or general weather 
conditions (other than light and temperature). 

 
Changes in Body Form and Coloration Associated With Maturation 

The changes in body form and coloration which are associated with 
maturation in sea-run steelhead are of the same character as those in the 
silver salmon, but usually much less marked. In the males, these changes 
are characterized by elongation of the  jaws,  with  knobbing  but  rarely 
with hooking, the growth of canine-like teeth, and the increase in depth 
of body by the ridging of the back. Among the larger fish, the extent of 
these changes is sufficiently greater in the males than in the females to 
enable the experienced observer to determine the sex by external 
examination. Among the smaller fish the sexual differences in these 
characters are sometimes so slight that considerable difficulty may be 
experienced in distinguishing between males and females, especially in 
fish which are not ripe. Following spawning these growths are partially 
resorbed, but the jaws never fully recover their original shape.27

 

Like the Pacific salmons, steelhead at sea are quite  silvery. In fresh 
water a pink or reddish  lateral  band,  usually  most  prominent  and 
brightest in males, develops along the body. The opercles (gill covers) 
become similarly colored. 

As in the Pacific salmons, the scales, which are loosely attached in 
individuals in salt water and in those recently arrived from the sea, 
become firmly imbedded with the approach of spawning, particularly in 
the males. 

 
Spawning Beds 

Females choose the redd sites. Examination of many redds shows that 
the site selected is typically near the head of a riffle (which is also the 
lower end of a pool) composed of medium and small gravel. Usually the 
site is close to the point where the smooth surface water "breaks" into 
the riffle. 

The nature of the redd site insures a  good  supply  of  oxygen  for  the 
eggs, since in streams a considerable portion of the water flowing 
through a swift riffle passes through the gravel. 

Although steelhead ordinarily spawn in places that also look "good" 
to  the  experienced  observer,  and  which  he  would  have  selected  as 

 

27 
While some bones increase their size and acquire new material, parts of others and of the scales are 

absorbed. The changes which take place in the skulls of breeding salmonids have been described in a 
series of papers by Tchernavin (1918, 1921, 1937a, 1937b, 1938a, 1938b, 1938c, 1938d). 
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probable spawning sites before the fish had arrived,  occasional  indivi- 
duals pick sites which the observer would have picked as being unfavor- 
able, either because of the composition or configuration of the bottom or 
the character of the flow. The power of the fish to dig a pit in apparently 
unfavorable bottom is illustrated by one example cited by Needham and 
Taft (1934). The female in question dug a nest in a hard, gravelly, 
semicemented mixture of decomposing rock forming a portion of a ford 
built for automobile passage in the East Branch of  Waddell Creek just 
above The Forks. This ford had been constructed by  piling  up  rocks 
which were held in place by wire poultry netting along the downstream 
margin. The female had crumbled this hardpan and worn away the edge 
of the outcrop so that it was evenly broken off near the edge of the ford. 
Fish select unusual and apparently unfavorable sites even when there is 
no overcrowding and apparently more favorable unused  sites  are 
available in readily accessible portions of the stream. Steelhead so 
choose their redds that they are very rarely exposed by  falling  stream 
levels, in both Waddell Creek and other California coastal streams. 

 
Spawning 

The first complete, recorded observations on the spawning of sea-run 
steelhead were made during the spring of 1933 in Waddell Creek by P. R. 
Needham, A. C. Taft, and Leo Shapovalov and were described in detail 
by Needham and Taft (1934). Their account was confined largely to 
observations on three fish placed in a pen in the natural stream. A 
generalized account of the spawning of steelhead is here presented, as 
follows. 

The female first selects a suitable spawning site. In this process 
several sites may be selected and abandoned. After a satisfactory site is 
finally chosen, the female begins nest digging. One or more males may 
accompany, the female, but the males do not participate in the digging. 
Usually one male becomes the mate; the other males, although sometimes 
persistent in approaching the female, seem to sense this and usually yield 
to the dominant male when he makes a rush at them. Probably more often 
than not the mate is a larger fish than the attendant males, but even if 
smaller, his "right" to the female is usually recognized. On occasion the 
dominant males chase the accessory males viciously, even to the extent of 
driving them into the riffle above or below the nest. The fighting  and 
digging often result in a great deal of commotion, especially when 
several males are in attendance, so that the resultant splashing may be 
heard several hundred feet from the stream. 

While the female is digging the nest, the male assumes positions 
slightly  behind  (downstream)  and  to  one  side  of  her.  The  dominant 
male  often  changes  his  position  from  one  side  to  the  other,  and  ap- 
parently attempts to stimulate her. At frequent intervals he approaches 
the side of the female closely and the two fish quiver, together or 
separately. This quivering and also the nest digging have often been 
mistaken for the emission of the sexual products by different writers (e.g., 
Kendall and Dence (1929) for eastern brook trout), but the behavior 
accompanying the latter action is quite different. When several males 
accompany a female, the accessory males usually arrange themselves in 
an  arc  on  the  downstream  side  of  the  female.  The  distance  that  they 
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maintain depends upon the pugnacity of the dominant  male. In the 
accompanying photograph (Figure 26) four males will be seen ranged about 
the mating pair and nest. Two other males, six to nine inches long (stream 
fish), participated but do not appear in the photograph. The dominant male 
then alternates between darts at these fish and courting of the female. Upon 
returning from an attack on other males, the dominant male often rubs his 
snout both over and under the tail of the female, probably either to 
stimulate her or as a sign of recognition. Fish of both sexes face upstream 
during the spawning activities. 

In digging the nest the female turns on her side and with powerful and 
rapid movements of the tail disturbs the bottom materials, which are then 
carried a short distance downstream by the current. As this process is 
repeated the nest takes form and finally results in an oval or roundish pit 
or depression. Depending partly on the size of the fish, the pit is 
approximately from four inches to a foot in depth and 15 inches in 
diameter. After several vigorous digging operations the female usually 
drops back into the pit and may test its dimensions with her anal fin. 

The length of time that elapses between the beginning of courting and 
nest building activities on the chosen redd and the deposition  of  the 
sexual products varies greatly. In the observations of 1933 the deposition 
of the eggs and milt took place four hours and twenty-five minutes after 
the fish were placed in the pen  and  one  hour  and  twenty-five  minutes 
after digging had been started. 

At the moment of deposition, the female drops into the pit and lowers 
her vent and anal fin into the deepest part. The male instantly or 
simultaneously moves into a position parallel and next to her, so that the 
vents are opposite. Both fish open their mouths wide and  arch  their 
bodies so that they are rigid, with their backs concave (in the observa- 
tions of 1933, the tip of the female's snout broke the  surface  of  the 
water), and the eggs and milt are exuded simultaneously. The eggs drop 
into the bottom of the pit in a  compact  group  and  are  enveloped  by  a 
cloud of  milt. The whole process, from the time that the female drops 
into the pit until the synchronized orgasm resulting in  the  actual 
deposition of the eggs, takes only a few seconds. 

For many years the view was generally held that natural reproduction 
of   salmonids   is   a   rather   ineffective   process,   but   various   studies 
contradict this opinion. Probably rarely are any of the eggs swept out of 
the pit, even when the current is swift. Sometimes some of the milt may 
be swept downstream, but an ample amount settles with the  eggs  to 
insure thorough fertilization. Apparently both the eggs and the milt are held 
in the  pit by current eddies below the normal level  of the  stream bed. 
This view has been advanced for the spawning of various salmonids by 
Peart (1920) and others. 

Hobbs (1937), in his studies in New Zealand, concluded that at least 
97.5 percent of the brown trout eggs lodged in the redds at the time of 
spawning. The present writers believe that 97.5 percent would express 
a minimum average for the number of eggs buried in the redds by 
steelhead. 

Immediately upon deposition of the eggs and milt, the  female,  un- 
aided by the male, begins to cover up the eggs. This she accomplishes 
in a few seconds by turning on her side and digging to each side and 
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FIGURE 26.    A pair of Waddell Creek steelhead over spawning nest, with four smaller males ranged around the nest     Photograph  by Paul  R. Needham, April, 1933. 
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forward of the nest, the current sweeping the gravel into the pit. The eggs 
are well covered in a brief period of time. The males appear uninterested 
in this process. 

When the eggs are well covered the female begins to dig another pit 
two or three feet directly upstream from the first. By working upstream 
in this manner the eggs of the first pit are buried deeper  by  materials 
washed downstream from the subsequent digging.  This  process  is 
repeated as other pits are dug. In the 1933 observations the eggs  were 
deposited in the second pit one hour and forty minutes after initial 
deposition, and digging of the third pit was started shortly. Apparently 
the fish in question completed spawning during the night, since by 
morning she had left the redd and retired to the adjoining pool. When she 
was killed for examination in the early afternoon it was found that only 
seven eggs remained. 

Judging by the separately raised piles of gravel, which were in a 
straight line following the current, the 1933 fish dug six or seven pits to 
complete spawning. Since fish of similar size (60 cm. long) contain from 
3,800 to 7,800 eggs, this female may have averaged a deposition of 
anywhere from 550 to 1,300 eggs at a time. 

The completed redd was approximately 12 feet long and 5 feet wide 
(60 square feet). The depth of the water averaged about five inches over 
this area. 

Although the 1933 fish completed spawning within 12 hours, it is 
believed that often the process takes a week or more. The length of time 
probably depends upon the ripeness of the fish, water and atmospheric 
conditions (especially temperature and height of water), and the extent to 
which the mating fish are interrupted by  intruders (human beings, 
stream-side mammals, birds, and other fish). 

Fish after natural spawning do not have much blood in the coelomic 
cavity, while in artificial spawning blood is often found in the coelomic 
cavity and is sometimes extruded with the last eggs, due to rupture of 
blood vessels. The amount of damage thus done to the fish depends 
principally upon (1) the skill of the spawner and (2) the extent to which 
he attempts to secure a high percentage of eggs contained. 

No quantitative estimate can be made of the amount of damage done to 
redds  by  subsequent  spawners,  which  may  be  silver  salmon  or  other 
steelhead. It is probable that although the losses from this cause may be 
severe in individual nests, the percentage loss for all eggs deposited in 
the stream is small. 

Spawning sea-run steelhead are very often accompanied by stream 
trout. Most of these are sexually mature males which act much like the 
smaller  accessory  sea-run  males,  darting  in  and  out  during  the  nest- 
building and courting process. Such fish are often called "egg-eaters" by 
anglers. However, their primary purpose in being present is probably to 
participate in the spawning activities. This is indicated by the fact that in 
occasional instances in which a single stream male has been seen to 
accompany a nest-building sea-run female unaccompanied by a sea-run 
male, the behavior of the stream male has been quite similar to that of a 
sea-run dominant male, the fish maintaining a position parallel to the 
female and slightly behind and to one side of her. 
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Accompanying stream fish often do contain a few eggs in their 
stomachs. Such eggs  are probably occasional ones shed  by fish  on  their 
way upstream or in the course of nest digging, disturbed by super- 
imposition of nests on nests prepared by previous fish, or swept out of the 
spawning pits before they were covered. It is a general thing for trout of 
various species to contain eggs of whatever species of salmonids are 
spawning at the time. Some examples were cited in the comparable section 
on silver salmon spawning (page 59). Eggs eaten by sculpins (Cottus) are 
most likely occasional ones of the types described previously. 

 
Egg Production 

The calculations of numbers of eggs produced by  Waddell Creek 
steelhead are based on the numbers produced by Scott Creek steelhead, since 
collection of eggs from Waddell fish would have destroyed the experimental 
plan. There is no evidence to indicate that the Scott Creek fish produce a 
different average number of eggs for a given size of fish from Waddell fish. 

 

 
 

FIGURE 27.    Egg production of Scott Creek steelhead. 
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Correlation of Number of Eggs With Size of Fish 

The relationship between length of the fish and the number of eggs 
produced is shown in Figure 27. This relationship was determined from 
562 measurements of the amount (volume) of eggs  and  the  size  (vol- 
ume) of individual eggs obtained from manually spawned fish of known 
lengths, taken at Scott Creek during the 1931-32, 1932-33, and 1933-34 
seasons.28

 

Measurement of the eggs was carried out according to the Taft 
method, described in the comparable  section for silver salmon (pages 
59-61). This method is particularly valuable for securing data on trout 
egg production, since it permits the securing of the data without de- 
stroying either the fish or the eggs. As in the case of the salmon, total 
egg volume was measured in a 1,000 cc. glass graduate, and the volume 
of individual eggs by averaging the displacement of 10 eggs in a 
burette. 

In calculating the volume factor (F) for Scott Creek steelhead, three 
egg counts and measurements from two fish were used. The volume in 
cc. of individual eggs was obtained from two of these measurements by 
averaging the volume of 110 eggs measured in lots  of  10  and  for  the 
other by averaging the volume of 100 eggs measured  in  lots  of  10. 
From these values a volume factor of 0.674  was  obtained.  The  data 
used in obtaining F are shown in Table A-16 of the Appendix. The 
frequency distribution of quantity of eggs (in cc.) stripped from Scott 
Creek steelhead is given in Table A-17 of the Appendix. 

Examination of 12 manually spawned fish taken at random during the 
seasons of 1931-32 and 1932-33 showed that in ordinary hatchery 
spawning only about 90 percent of the number of eggs contained in the 
fish is obtained, the remaining 10 percent being left in the ovaries (see 
Appendix, Table A-18). Therefore, to obtain the total number of eggs 
the calculated number was multiplied by 1.1. 

Although the number of fish examined (12) to determine the per- 
centage of eggs left in the fish in artificial spawning may not be large 
enough to  give an  exact  figure,  there is  evidence  to  support  the  view 
that the percentage obtained is not far from the average. For 151  red 
salmon spawned by the expression method at Cultus Lake, British 
Columbia, in 1931 and 1932, Foerster (1936) records the average num- 
ber of eggs left in the stripped fish as 14.5 percent of the total number 
of eggs. For 16 manually spawned golden trout (Salmo agua-bonita), 
Curtis (1934) found the  number of eggs left  in the fish to  be about 7 
percent of the number contained. The percentage of eggs obtained in 
artificial spawning of steelhead probably depends principally upon (1) 
the skill of the spawner and (2) the ripeness of the fish.  It  does  not 
appear to depend upon size or life history of the fish, or the number or 
size of eggs produced. 

The total number of eggs was plotted in 400-egg intervals against fish 
length in 2-cm. intervals and a regression line was fitted to the points. 

 

28 
Normal hatchery spawning procedure was followed in obtaining the eggs: in spawning steelhead the fish are not 

killed and cut open, as is often the case with Pacific salmon, but  are  "stripped"  by  means  of  manual 
pressure applied to the sides and belly of the fish. This is known as the "expression" method. The stripping 
was carried out by experienced hatchery personnel. The measurements of fish and eggs were made by A. C. 
Taft, J. H. Wales, Leo Shapovalov, and various assistants. After the eggs were stripped from the fish and 
fertilized they were placed in two-quart glass jars. 
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This line was fitted by the method of least squares and, since the rela- 
tionship is curvilinear, the regression line was determined on a loga- 
rithmic scale and later transposed to a linear scale. This regression line 
is not as accurate as one determined from the original paired variates, 
but is close enough to the true one to be used here, considering  all 
possible sources of error. Its equation is Number of Eggs =  0.9471  X 
Length 2. 116 9. The correlation ratio, γ, for the relationship between eggs 
produced and fish length is 0.838. 

Before the factor used to obtain the calculated number of eggs (0.674) 
was chosen, a factor of 0.6888 had been used. Using this latter factor, 
and omitting the data for 1934-35, the regression of eggs produced on 
fish length had been calculated separately for first spawners, second 
spawners, and all fish combined. While  these  regressions  are  not 
believed to be as accurate as the present ones and therefore are not 
presented at this time, they do  show  that the  differences between  first 
and second spawners and between each of these categories and all fish 
combined are so slight that a single regression may be used. 

Prior to the adoption of the method finally used, an attempt was made 
to calculate the number of eggs on the basis of the average diameter of 
10 eggs rather than volume. This method was found to be unreliable. 

In the corresponding section for silver salmon a correlation was 
shown to exist between number of  eggs  and length  of  fish, and  it was 
pointed out that other workers had found a positive significant correla- 
tion between number of eggs and both length and weight in other species 
of salmonids. Weights of the Scott Creek steelhead were not obtained. 
The significance of such a correlation in the management and study of 
the species involved was also noted. 

 

Percentage of Eggs Deposited 

It was shown in the preceding section that in artificial stripping 
approximately 10 percent of the eggs are left in the fish. To calculate 
the total number of eggs deposited in Waddell Creek in each season it 
was necessary to know the average number of eggs left in the fish after 
spawning. 

By the very nature of the plan of the experiments at Waddell Creek it 
was impossible to kill spent steelhead to determine the number of eggs 
left in the fish after spawning. Reliance therefore had to be placed on 
(1) chance dead spent steelhead found in Waddell Creek, (2) ob- 
servations  on  other  streams,  and  (3)  observations  on  closely  related 
adult salmonids of similar size and habits. There are only four records 
for counts of eggs in dead spent steelhead found in  Waddell  Creek. 
These fish contained 0, 3, 16, and 58 eggs, respectively. As noted in a 
previous section, the 60 cm. Scott Creek steelhead used in the 1933 
spawning pen experiment at Waddell Creek contained only seven eggs 
after spawning. The average for the five fish for which definite counts 
are recorded is therefore only 16.8. This meager record is supported by 
a number of notes for dead steelhead at Waddell Creek made by 
different field observers to the effect that the fish were "completely 
spent". As stated in the corresponding section for silver salmon (page 
62), these observations are  in  close  agreement  with  the  findings  of 
the   writers   and   other   workers   for   other   species   of   salmonids. 
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Therefore, it was decided not to subtract any eggs in calculating the 
number deposited by Waddell Creek steelhead, but to use the total egg 
production figures obtained for Scott Creek steelhead of the same 
lengths and expressed by the regression line in Figure 27. It is likely that 
the number of eggs left in the fish after natural spawning bears little or 
no relation to the size of the fish (and consequently the number of eggs 
produced). 
Percentage of Eggs Fertilized 

Although quantitative data for Waddell Creek steelhead are  not 
available, there is every indication that the percentage of eggs fertilized is 
very high and rather constant. Extensive spawning work by personnel of 
the California Department of Fish and Game has shown that the percentage 
of steelhead eggs fertilized can be quite high under the close to ideal 
artificial conditions. In the corresponding section for silver salmon (page 
63) it was noted that the observations of Hobbs (1937) indicated a 
uniformly  high  efficiency  of  fertilization  (over  99  percent)  for  other 
species of salmonids, and that since the spawning of the various trouts and 
salmons follows essentially the same pattern and local conditions usually 
play a more important role than the factors peculiar to the species 
involved, it appears legitimate to apply them in the present studies. 

The previously cited observations on the spawning act of steelhead in 
Waddell Creek (pages 144-148) support the view that the percentage of 
fertilization is quite  high. Besides, the  observations  of  the  writers  and 
the various seasonal observers consistently indicate a tremendous 
emergence from the gravel. 

 
Return of Adults to the Sea (Post-spawning Behavior) 

After spawning the spent steelhead which have not succumbed to old 
age, disease, or predators descend to the sea. In the parlance of  the 
angler, such fish are "downstreamers". 

In certain streams, steelhead  are reported to return  to  sea  immediately 
after  spawning,  while  in  others  they  are  known  to  delay  their  return, 
lingering in the larger pools for considerable periods of time. 

In Waddell Creek, within the same season some fish have returned to sea 
almost immediately after spawning, while others have been taken as late as 
the week of December 10-16 of the following season. However, the bulk of 
the fish have been taken during the period April-June. The spent adults taken 
in the downstream trap at Waddell Creek during the nine seasons of 
operation are shown in Table 36. The figures do not represent total numbers, 
since a number of fish are known to have passed downstream over the dam, 
especially during the earlier portions of the migration, but do show the 
approximate period of migration. 

The fish which do not proceed immediately to the  sea  gather  in  the 
larger pools, where they swim lazily about close to the surface. There is 
some tendency for the fish to gather in small groups, or for individuals to 
follow one another, but no real schooling takes place. In Waddell Creek, 
the same group of fish has been seen week after week in the pool above 
the dam. At times an individual will leave the pool and resume his 
downstream journey, or not uncommonly half-a-dozen or so may start 
toward   the   sea.   The   factors   which   influence   the   fish   to   resume 
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TABLE 36 

Waddell Creek, Steelhead: Spent Adults Checked Through Downstream Trap, by Seasons and Weekly Periods 
 

 
Period 

1933-34 1934-35 1935-36 1936-37 1937-38 1938-39 1939-40 1940-41 1941-42 Total 

♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ Total Avg. 

Oct. l-7 - - - - - - - - -  
- 

†1 †1 - - - - †1 †1 - †1 †1 - - - - - - - †3 †3 + 
Oct. 8-14 - - - - - - - - - - - - - - - †1 †1 - - - - - - - - - - †1 †1 + 
Oct. 15-21 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Oct. 22-28 - - - - - - - - - - - - - - - †1 †1 †2 - - - - †1 †1 - - - †1 †2 †3 + 
Oct. 29-Nov. 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Nov. 5-11 1† - 1† - - - - - - - - - - - - - - - - - - - - - - - - †1 - †1 + 
Nov. 12-18 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Nov. 19-25 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Nov. 26-Dec. 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Dec. 3-9 - (*1) (*1) - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Dec. 10-16 - - - - - - - - - - - - - - - † 1 - †1 1 - 1 - - - - - - 2(† 
1)  2(†1) + 

Dec. 17-23 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Dec. 24-30 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Dec. 31-Jan. 6 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Jan. 7-13 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Jan. 14-20 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Jan. 21-27 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Jan. 28-Feb. 3 - - - - - - - - - - - - - - - - - - - - - - - - 1 - 1 1  1 + 
Feb. 4-10 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Feb. 11-17 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Feb. 18-24 - - - - - - - - - - - - - - - - - - - - - - 1 1 - - - - 1 1 + 
Feb. 25-Mar. 3 - - - - - - - - - - - - - - - - - - - - - - - - 1  1 1  1 + 
Mar. 4-10 - - - - - - 3 - 3 - - - - - - - - - - - - - - - 2 2 4 5 2 7 1 
Mar. 11-17 - - - - - - 1 - 1 - - - - - - - - - - - - - - - - 1 1 1 1 2 + 
Mar. 18-24 - 1 1 - - - 10 4 14 - - - - - - - - - - - - - - - - 1 1 10 6 16 + 
Mar. 25-31 - - - 2 - 2 6 3 9 - - - - - - 4 5 9 - - - 7 - 7 2 1 3 21 9 30 3 
Apr. l-7 6 2 8 1 - 1 1 3 4 1 - 1 - 2 2 3 4 7 - - - - - - 3 6 9 15 17 32 4 
Apr. 8-14 - 1 1 - - - 2 - 2 1 - 1 - 1 1 6 21 27 - - - - - - - - - 9 23 32 4 
Apr. 15-21 6 1 7 2 - 2 5 2 7 1 1 2 - - - 2 1 3 2 1 3 1 - 1 - - - 19 6 25 3 
Apr. 22-28 13 7 20 - 1 1 3 1 4 1 2 3 1 2 3 3 6 9 - - - - - - 2 1 3 23 20 43 5 
Apr. 29-May 5 4 3 7 1 1 2 5 1 6 2 3 5 2 1 3 4 4 8 3 - 3 - - - 2 2 4 23 15 38 4 
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TABLE 36 (continued) 

Waddell Creek, Steelhead: Spent Adults Checked Through Downstream Trap, by Seasons and Weekly Periods 
 

 
Period 

1933-34 1934-35 1935-36 1936-37 1937-38 1938-39 1939-40 1940-41 1941-42 Total 

♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ To- 

tal ♂ ♀ To- 
tal ♂ ♀ Total Avg. 

May 6-12 2 1 3 - - - 2 1 3 - 1 3 1 - 1 6 8 14 2 - 2 - - - 3 2 5 18 13 31 3 
May 13-19 1 1 2 - - - 3 2 5 2 2 4 4 3 7 3 - 3 - - - - - - 5 - 5 18 8 26 3 
May 20-26 3 8 11 - - - 2 - 2 3 1 4 - 1 1 6 4 10 - - - - - - 1 - 1 15 14 29 3 
May 27-June 2 - - - - - - - - - - 1 1 - - - 3 5 8 - - - - - - - - - 3 6 9 1 
June3-9 3 8 11 - - - 1 - 1 - - - 1 - 1 1 2 3 - - - - - - - - - 6 10 16 2 
June 10-16 - - - - - - - - - 6 3 9 1 1 2 1 3 4 - - - - - - - - - 8 7 15 2 
June 17-23 - - - - - - - - - - - - 1 - 1 2 3 5 - - - - - - - - - 3 3 6 1 
June 24-30 - - - 1 - 1 - 1 1 - - - - -  1 - 1 - - - - - - - - - 2 1 3 + 
July l-7 1 - 1 - - - - - - 1 - 1 - - - 9 3 12 - - - - - - - - - 11 3 14 2 
July 8-14 - 1 1 - - - - 1 1 - 1 1 - - - 6 8 14 - - - - - - - - - 6 11 17 2 
July 15-21 - 2 2 - - - - - - - - - - - - 2 - 2 - - - - - - - -  2 2 4 + 
July 22-28 - - - - - - - - - - 1 1 - - - 2 - 2 - - - - - - - - - 2 1 3 + 
July 29- Aug. 4 - - - - - - - - - - - - - - - - 2 2 - - - - - - - - - - 2  + 
Aug. 5-11 - - - - - - - - - - 1 1 - - - - 1 1 - 1 1 - - - - - - - 3 3 + 
Aug. 12-18 1 - 1 - - - 1 - 1 - - - - - - - - - 1  1 - - - - - - 3 - 3 + 
Aug. 19-25 - - - - - - - - - - - - - - - 2 1 3 - - - - - - - - - 2 1 3 + 
Aug. 26-Sept. 1 - 1 1 - - - - - - - - - - - - - - - - - - - - - - - - - 1 - + 
Sept. 2-8 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Sept. 9-15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Sept. 16-22 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Sept. 23-30 - - - - - - - - - - - - - 1 1 1 2 3 - - - - - - - - - 1 3 4 + 

Totals 41 37 78 7 2 9 45 19 64 20 18 38 11 12 23 69 86 155 9 3 12 8 2 10 22 16 38 232 195 427 47 

* From 1932-33 upstream migration. 
† Taken during this week of following season. 
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the seaward journey following such prolonged interludes in pools are not yet 
fully known, although some such emigrations have followed light rains. In 
the larger streams much greater numbers of spent steelhead gather in the 
larger pools, especially behind dams. For example, hundreds of such fish 
have been observed in the extensive pool above Benbow Dam, on the South 
Fork of Eel River. 

Spent adult steelhead typically do not resume feeding while in fresh water. 
As a result, those taken soon after spawning (unless weakened by disease or 
old age) are thin, but active and in good condition, while those taken several 
months after spawning are quite emaciated. Individuals captured in October- 
December of the following seasons apparently have not eaten following 
spawning; their stomachs are empty and shrunken and their mouths and gills 
are often covered by numerous parasitic copepods (Salmincola). The male 
taken during the week of December 10-16, 1939, must not have eaten for at 
least 34 weeks, since the last upstream male of the same size in the 
preceding season was taken during the week of April 15-21; it is remarkable 
that fish can remain alive and active following the rigors of spawning and 
such a prolonged fast. It is not known if individuals which have abstained 
from food for so long a period that their stomachs are shrunken are 
physiologically capable of resuming feeding. 

Spent adults which have not resumed feeding will nevertheless strike at 
various objects, such as coins or pebbles thrown into the water. Fish in the 
pool back of Benbow Dam have been observed to rush at coins tossed in 10 
or 12 feet away. In such cases one fish after another has been seen to seize 
and then "spit out" the coin in its descent to the bottom. A valid explanation 
of this interesting behavior seems to be lacking. It hardly seems likely that 
the fish see such an object as an enemy, yet we know that the fish are not 
seeking food. In any case, this behavior has resulted in the taking of spent 
steelhead on spinners, especially with a May 1 opening of the trout season. 

Only a very few adults which have completed spawning have been taken 
again in the same season in the upstream trap at Waddell Creek. However, 
fish which have been artificially stripped, often return in large numbers to 
the upstream trap at spawning stations, usually within a few days of 
spawning. The incomplete removal of the sexual products under artificial 
conditions and the completeness of spawning under natural conditions may 
play a role in this difference in post-spawning behavior. 

Following spawning, adult steelhead, which typically "color up" in fresh 
water before spawning, gradually assume a pale, "washed-out" appearance, 
although some of the redness may be retained. The scales remain firmly 
imbedded. Only following their re-entry into the sea does the silveriness 
typical of salmonids in salt water return. 

 
Embryology and Hatching of Eggs 

The best and only complete account of the development of steelhead eggs 
is that by Wales (1941). The embryology of the steelhead is  in  general 
similar to that of other trout and of salmon, and the details will not be 
presented in this paper. 

The number of days required for steelhead eggs  to  hatch  varies 
from about 19 at an average temperature of 60° F. to about 80 at an 
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average temperature of 40° F. At the temperatures prevailing in Waddell 
Creek, the usual hatching time is from 25 to 35 days. 

Various exceptions and special considerations in regard  to  develop- 
ment and hatching have been cited and discussed under the comparable 
section for silver salmon and have general application to the steelhead. 
As in the case of the silver salmon, silting occurring between fertilization 
and hatching and caused by severe floods or mining is probably the 
principal cause of pre-hatching losses. Various experiments were cited to 
show this. Experiments conducted by Shapovalov (1937) on steelhead 
substantiate the results obtained with other species. 

Under normal hatchery conditions the hatch is between 80 and 90 
percent of steelhead eggs taken. There is no quantitative basis for esti- 
mating the average percentage of steelhead eggs hatching in Waddell 
Creek,  but  the  writers  believe  that  under  favorable  conditions  (prin- 
cipally absence of heavy silting) it is comparable  to  that  of  hatchery 
eggs, or 80 to 90 percent of the eggs deposited. Even in periods of heavy 
floods, when the water is laden with silt, stream velocities in areas 
utilized  for  spawning  by  trout  and  salmon  are  probably  sufficient  to 
prevent excessive deposition of silt and thus damage to the eggs in the 
gravel. 

At time of hatching steelhead are approximately 17 to 18 mm. (0.7 inch) 
long and weigh about 0.1 gram (270 fish per ounce). 

 

Emergence From the Gravel 
Silting is also probably the principal factor in determining the survival 

rate from time of hatching to emergence from the gravel. 
In the experiments conducted by Shapovalov (1937) it was impossible to 

segregate the survival from time of burial to hatching from the survival from 
hatching to emergence, but the over-all survival to time of emergence was 
29.8 percent in the presence of considerable silting and 79.9 percent in the 
absence of much silting. In the former instance the water flowing over the 
gravel  had  a  considerably  lower  velocity  than  would  water  in  a  natural 
stream laden with an equal amount of silt and so it may be that under natural 
conditions the percentage of emergence is rarely as low as 29.8 percent. 
Again, there is no quantitative basis for estimating the average percentage 
of steelhead emerging from the gravel in Waddell Creek, but the writers 
believe that under favorable conditions (principally absence of heavy 
silting) it is high, probably between 70 and 85 percent of the eggs 
deposited. There is, of course, no stage in hatchery operations directly 
comparable to the period from time of hatching to time of emergence under 
natural conditions, but under hatchery conditions the losses during the 
equivalent period of time normally are light, so that hatchery survival to 
time that steelhead finish emerging from the gravel under natural con- 
ditions is still between 80 and 90 percent of the eggs taken. 

For the areas which he examined, Hobbs (1937) concluded that (1) the 
incidence of loss subsequent to fertilization, where heavy loss occurs, is 
much greater in the pre-eyed than in the eyed  eggs or in the hatched- fish-
in-the-gravel stage, (2) heavy losses of fertilized eggs are the out- 
come of adverse environmental conditions and not of  inherent  weak- 
ness, (3) the extent of losses of fertilized eggs in undisturbed redds 
depends  primarily  on  the  amount  of  very  fine  material  in  the  redds 
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during the development of eggs before eyeing, and (4) Saprolegnia 
(fungus) infection of dead pre-eyed eggs is responsible for losses of eggs 
at later stages. 

Hobbs (1940) found the loss between hatching and the time of emer- 
gence  to  be  extremely  light,  exceeding  1  percent  in  only  one  river 
system. 

The experiments conducted by Shapovalov (1937) indicate that the 
steelhead fry start emerging from the gravel two to three weeks after 
hatching and require another two to three weeks to complete emergence. 
This is probably what happens under normal conditions existing in, 
California coastal streams. Shallow burial, loose gravel, absence of silt, 
and high temperatures may all be expected to speed emergence, while the 
opposite conditions may be expected to retard emergence. 

Under normal conditions the fry rarely emerge from the gravel before 
the yolk sac is absorbed. Shallow burial results in premature emergence. 
This was indicated by the experiments of Shapovalov (loc. cit.) and had 
previously been cited for Pacific salmon (Oncorhynchus) by Babcock 
(1911). The time of emergence from the gravel approximately coincides 
with the beginning of feeding in the hatcheries. 

Because of the normal long period of emergence, at the time that the 
last fish emerge the first fish to have emerged are usually considerably 
larger than the former, despite the fact that the eggs were deposited at 
the same time. 

At time of emergence from the gravel steelhead are approximately 23 
to  26  mm.  (0.95  inch)  long  and  weigh  about  0.16  gram  (180  fish  per 
ounce). 

 
Stream Life Prior to Seaward Migration 

(General Features) 
At Waddell Creek the only quantitative data regarding numbers of fish 

were obtained at times of migration through the traps, so the following 
account will necessarily be based on general observations. 

The behavior of juvenile steelhead during their first year of life, 
especially during the first couple of months following emergence from the 
gravel, is generally similar to that of the silver salmon fry. The freshly- 
emerged fish first take up residence in the shallow gravel areas, especially 
at the sides of the stream. At first they tend to congregate in schools, but 
as time passes and the fish grow these schools break up and the fish spread 
up and down the stream, selecting individual small "territories", from 
which they drive other fish of the same size or somewhat larger. 

The fry in the shallows feed avidly and grow rapidly. The individual 
fry rise to nearly every small object drifting downstream or falling into 
the water, selecting those that are suitable and rejecting those that are 
not. Following their rise, they return to the original position. 

Soon after the first steelhead have emerged from the gravel, marked 
differences in size are to be noted among the fish of the season, within 
the same section of stream. For example, 20 fish seined in one pool in 
Waddell Creek on July 12, 1932, by J. H. Wales ranged from 43 to 77 
mm.  in  length.  Such  differences  result  principally  from  the  prolonged 
spawning  season  and  therefore  prolonged  hatching  and  emergence  pe- 
riods of the steelhead.  Of course, different  growth rates of  individuals 
play some role in creating fish of different sizes, but the long spawning 
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season is the principal cause. In addition, the fish of the lower portions of 
the stream, with the warmer temperatures, are on the average larger than 
those of the upper portions. Larger average size in the warmer portions of 
the stream results both from a more rapid growth rate and a somewhat 
shortened hatching period, so that these fish have a head  start  on those 
from the cooler waters. 

Soon after the peak of emergence there is a marked decline in the 
numbers of fry in the stream, due to mortality. Possible causes of losses at 
Waddell Creek are predators, drying stream channels,  and  disease,  and 
have already been discussed in the comparable section on silver salmon. 
Predatory fishes are believed to make the greatest inroads. 

As the fish grow, they gradually move into deeper water and eat coarser 
food.  However,  unlike  the  silver  salmon,  in  late  summer  the  young 
steelhead do not appear to move into the deep, quiet pools, but inhabit the 
moderately swift portions of the stream. Diurnal movements within limited 
areas may occur, but have not been studied in any detail. At this time the 
growth rate of the fish begins to slow down (probably not as early nor as 
markedly as in the case of the silver salmon) in association with the period 
of maximum stream temperatures and minimum flow, with some evidence 
to indicate that the  former plays the  greatest part. During the period of 
heavy rainfall and lowest temperatures, December through February, 
feeding is generally quite light and growth negligible, according to 
measurements and scale readings. It appears that during this period  of 
floods and great turbidity the young steelhead, like the silver salmon, are 
not swept downstream and do not migrate downstream voluntarily in large 
numbers, but make use of backwater and eddies in maintaining their 
position in the stream. 

Following the period of maximum precipitation, the fish start making 
extremely rapid growth (usually in March), as witnessed by the sharp 
increase in average size of fish and new growth registered on the scales. 
The resumption of heavy feeding is probably influenced both by rising 
temperatures and an abundance of aquatic food organisms. Although a 
steady lowering of stream flow takes place during the ensuing months, 
adverse water conditions ordinarily are not reached before midsummer. 

Some data are available regarding the sex ratio among stream steelhead 
and indicate that great care should be taken in drawing conclusions, for the 
reason that apparent differences may depend upon the time of  year  at 
which the fish are taken and the manner in which they are caught. Actual 
differences may exist in certain age groups (especially the older ones) and 
certain categories (e.g., upstream or downstream migrants), although the 
available data have not yet revealed such  differences.  Probably  the  sex 
ratio is close to 1:1 among stream steelhead two years of age or under. 

Snyder (1938), reporting on data obtained from upwards of 1,000 trout 
caught by Theodore J. Hoover by hook and line in Waddell Creek 
between May 1, 1927, and May 1, 1928, found that of 866 fish sexed 466 
(53.8 percent) were males and 400 (46.2 percent) females. However, the 
sex  representation  among  fish  caught  by  angling  is  not  necessarily 
representative of the sex ratio of a stream population, and, moreover, in 
the  case  under  discussion  the  numbers  caught  in  the  different  months 
were not equal. Males predominated in the catches most strongly during 
the    period    February-July,    while    females    predominated    or    the 
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sex ratio was approximately equal during the period August-January. 
Snyder concludes that "A seasonal variation in the sex is indicated . . ., 
although the numbers involved are too small to warrant definite 
conclusions.'' 

Shepherd (1928) reported on 55 stream steelhead caught by hook and 
line in Waddell Creek in October, 1926, July and December, 1927, and 
January, 1928. Of the 55, 32 (58.2 percent) were males and 23 (41.8 
percent) females. There was a slight predominance of males in all four 
months, but the figures are too small to make comparative analyses. Data 
obtained during the course of the present experiments support the 
evidence that males predominate in anglers' catches in the spring of the 
year. Of 24 trout caught by two anglers in the East Branch of Waddell 
Creek (above the closed area) on May 1, 1942, 23 were males. Nineteen 
of the 23 males were ripe; the female was spawned out. It is not unlikely 
that at least during the spawning season males strike at a baited hook or 
lure more readily than do females. If this is the case, it is interesting to 
speculate that a short angling season during the spring  months  may 
create a marked shortage of males where an intensive fishery exists. 

The sex ratio of  yearling steelhead held  in rearing ponds at the Big 
Creek State Fish Hatchery was, on the basis of six samples,  approxi- 
mately 1:1. These samples contained  a total  of 207 males and 193 fe- 
males. 

At this point it may be noted that the young steelhead exhibit much 
greater  variation  in  individual  behavior  than  do  the  juvenile  silver 
salmon. This is most markedly brought out by the fact that the young 
steelhead migrate down at various ages from + to 4, while practically 
all of the silver salmon migrate downstream as yearlings. While the 
salmon go to sea almost immediately, some of the steelhead remain for 
a whole season in the lagoon or the lower portion of the stream, after 
which some move out to sea, while others make an upstream migration 
and then a second downstream migration. While most of the steelhead go 
to sea before maturing, some fish of both sexes spawn before going to 
sea, while still others complete their life cycles without going to sea at 
all. (Among the silver salmon perhaps a few males reach precocious sex- 
ual maturity prior to their seaward migration, but none of the females do 
so.) There are other variations in the behavior of individual young 
steelhead; for example, although most of the fish diminish feeding and 
growth in the late summer or early autumn, some continue to feed and 
make rapid growth deep into the winter. Some resume heavy feeding and 
growth in the middle of the winter, while others do not  do  so  until 
spring. Some diminish feeding and growth for a prolonged period, while 
others resume feeding and growth after only a brief interlude. These 
variations in behavior are reflected in the structure of the scales; for 
example, some scales are just beginning to form an annulus at the same 
time that others show considerable new growth. Some of the variations in 
regard to growth and annulus formation undoubtedly are associated with 
sexual maturity and migration. 

The various migrations made by stream steelhead will be discussed in 
subsequent sections. 
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TABLE 37 
Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, by Seasons and Weekly 

Periods 

 
Period 

 

N
o 

 R
ec

or
d 

 
19

33
-3

4  

 19
34

-3
5 

 19
35

-3
6 

 19
36

-3
7 

 19
37

-3
8 

 19
38

-3
9 

 19
39

-4
0 

 19
40

-4
1 

 19
41

-4
2 

W
ee

kl
y to

ta
l 

W
ee

kl
y 

av
er

ag
e 

Oct. l-7   -- -- 2 6 60 21 5 131 225 28 
Oct. 8-14 -- 7 3 10 59 84 11 25 199 24 
Oct. 15-21 -- -- 3 12 4 20 1 97 137 17 
Oct. 22-28 -- -- -- 15 12 14 44 70 155 19 
Oct. 29-Nov. 4 1 -- -- 26 216 6 43 145 437 55 
Nov. 5-11 10 -- -- 24 42 22 14 43 155 19 
Nov. 12-18 66 14 11 107 2 11 18 32 261 33 
Nov. 19-25 21 71 8 131 2 -- 8 7 248 31 
Nov. 26-Dec. 2 8 10 1 35 285 2 6 7 354 44 
Dec. 3-9 3 5 11 2 23 174 -- 2 87 307 34 
Dec. 10-16 28 9 15 6 26 47 20 1 31 183 20 
Dec. 17-23 5 3 2 26 5 220 13 134 34 442 49 
Dec. 24-30 8 15 77 102 1 80 20 3 23 329 39 
Dec. 31-Jan. 6 -- 12 330 90 8 43 11 6 1 501 56 
Jan. 7-13 -- 7 53 12 5 65 7 15 1 165 18 
Jan. 14-20 4 -- 19 10 7 33 -- 10 1 84 9 
Jan. 21-27 3 1 8 5 9 32 3 9 -- 70 8 
Jan. 28-Feb. 3 3 4 6 3 -- 37 -- 1 9 63 7 
Feb. 4-10 16 9 1 17 1 17 2 -- -- 63 7 
Feb. ll-17 11 4 3 18 -- 6 3 3 4 52 6 
Feb. 18-24 30 3 3 23 14 2 2 4 13 94 10 
Feb. 25-Mar. 3 27 3 16 19 11 2 2 2 42 124 14 
Mar. 4-10 22 12 68 37 3 26 2 1 79 250 28 
Mar. 11-17 70 20 83 28 19 40 3 33 8 304 34 
Mar. 18-24 159 50 105 10 2 77 54 31 26 514 57 
Mar. 25-31 201 54 81 15 1 297 17 25 152 843 94 
Apr. l-7 308 126 43 40 10 369 1 1 209 1,107 123 
Apr. 8-14 411 18 83 31 30 511 11 1 89 1,185 132 
Apr. 15-21 344 53 173 33 46 414 58 50 8 1,179 131 
Apr. 22-28 391 85 118 41 29 559 28 74 52 1,377 153 
Apr. 29-May 5 150 101 147 57 45 348 9 24 161 1,042 116 
May 6-12 105 51 94 75 108 649 37 244 223 1,586 176 
May 13-19 111 32 248 142 174 404 33 287 225 1,656 184 
May 20-26 138 50 213 236 235 243 47 521 480 2,163 240 
May 27-June 2 68 62 207 246 187 68 218 400 112 1,568 174 
June 3-9 225 84 102 374 163 37 213 397 400 1,995 222 
June 10-16 67 68 224 217 98 147 165 552 621 2,159 240 
June 18-23 13 159 345 108 183 84 120 842 421 2,275 253 
June 24-30 2 108 309 95 352 14 293 416 390 1,979 220 
July l-7 41 136 29 379 212 69 251 145 265 1,527 169 
July 8-14 49 20 55 519 183 69 153 57 333 1,438 160 
July 15-21 28 76 138 162 170 16 116 117 308 1,131 126 
July 22-28 19 47 82 20 214 44 150 164 128 868 96 
July 29-Aug. 4 9 57 59 10 66 21 519 31 44 816 91 
Aug. 5-11 11 55 26 92 57 37 401 19 18 716 80 
Aug. 12-18 18 20 101 61 43 48 175 11 23 500 56 
Aug. 19-25 6 5 87 33 77 21 48 22 9 308 34 
Aug. 26-Sept. 1 6 26 50 20 87 46 32 21 8 296 33 
Sept. 2-8 4 12 12 42 46 9 17 39 18 199 22 
Sept. 9-15 3 16 7 28 16 28 27 119 31 275 31 
Sept. 16-22 -- 3 5 9 26 21 15 240 15 334 37 
Sept. 23-30 -- 4 3 8 32 33 8 391 62 541 60 

Totals 3,117 1,791 3,943 3,529 3,390 6,189 3,484 5,615 5,721 36,779 -- 



160 FISH BULLETIN NO. 98  
 

Downstream Migration of Stream Fish 
Time and Size of the Migration 

During the nine seasons of operation of the trap,29 36,779 stream 
steelhead were checked on their downstream migration. The  number 
taken during each weekly period in each season is shown in Table 37 and 
Figures 11-19. 

The length of these fish from tip of snout to fork of caudal  fin was 
recorded in mm., measurement being made to the next highest mm.30

 

Scale samples were taken from the great majority of the fish during the 
first six seasons of operation, i.e., 1933-34 through 1938-39.31 Scale 
samples were not taken during the last three seasons, 1939-40 through 
1941-42, largely because it was believed that further scale samples from 
downstream steelhead would not  yield  information  commensurate  with 
the effort expended. 

Time permitted "reading" of only a portion (1,695) of the scale 
samples taken. Of these, 1,412 were measured as well as read. 

From Table 37 and Figures 11-19 it is apparent that some stream 
steelhead, unlike the juvenile silver salmon, migrate downstream at all 
times of the year, but that the largest numbers migrate in the spring and 
summer, with a secondary migration in the late fall or early winter. It is 
also seen that during January and February the migration is very light. 

 
Age and Size of the Fish 

Since it was impossible to examine scales from all of the fish, some 
alternative system of age analysis had to be adopted. Assignment of fish to 
age classes at any given point of time in one season on the basis of scale 
reading   for   another   season   proved   unsatisfactory   because   of   seasonal 
differences resulting from (1) varying time of the migration as a whole, (2) 
varying  growth  rate  (and  consequently  size  of  fish)  of  one  or  more  age 
classes, (3) varying numerical size of one or more age classes, and (4) other 
changes  in  the  pattern  of  the  downstream  migration  of  one  or  more  age 
classes brought about by their place of origin in the stream, rate of migration, 
etc.   Therefore,   the   logical   method   that   presented   itself   was   that   of 
segregation of age classes according to modal groups of length frequencies, 
with reading of scales where overlaps between the modal groups occurred. 

By definition in this paper, an age + fish becomes age 1 with the 
completion of its first annulus, an age 1 fish becomes age 2 with the 
completion  of  its  second  annulus,  etc.  In  Waddell  Creek,  annulus  for- 
mation  is   generally   completed   in   December   or   January,   but   varies 

 

29 In 1933-34, the first season of operation, the trap was not put into operation until the week of December 3-9. 
 

30 From May 29th through September 30th of the 1933-34 season and from October 1st through November 20th 
of  the 1934-35 season the fish were measured only as three inches or under or over  three  inches 
(approximately 76 mm. or under or over 76 mm.). This system was in effect during a period when a 
regular observer was not available and the fish were checked by hatchery personnel. The demarcation 
line of three inches was chosen as the approximate line between fish of the season, which made up the 
bulk of the fish taken during this period, and older fish. 

 
31 The major exceptions include the period May 28-September 30 in 1933-34, October 1-November 20 and July 

4-September 30 in 1934-35, October 1-December 8, December 10-29, and July 1-September 30 in 1935- 
36, October 1-December 16 and July 17-September 30 in 1936-37, October 1-27  in  1937-38,  and 
October 1-9 and June 14-September 30 in 1938-39. Also, scales were not taken from a number of fish 
under 80 mm. in length during other portions of these seasons, but were taken from samples of fish 
under 80 mm. at various times. 
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widely for individual fish. However, for the sake of  simplicity,  in  the 
tables and figures dealing with stream steelhead the break between seasons 
(September 30-October 1) has been used as the changeover point from one 
age to another. Thus, fish of the season's hatch are called age +, fish of the 
previous season's hatch (although including some fish that have not yet 
formed an annulus) though generally distinct from the younger ones, are 
not distinct from each other, but tend to form unimodal groups. These older 
age class groups are called age 1, fish  of  the  second  previous  season's 
hatch (although including a few fish that have not yet formed a second 
annulus) are called age 2, etc. 

In Table 38 (and Tables A-19 to A-27 for the individual seasons, in the 
Appendix) the different age classes stand out rather conspicuously, with 
occasional overlaps. We see that in general the two youngest age classes in 
each season (i.e., the fish of the season and of the previous season's hatch) 
stand out as separate entities. These older age class groups, however, are 
composed principally of fish of one age class (fish completing their second 
year or in their third year, depending upon the portion  of  the  season  in 
which they are recorded), with fish of older age classes scattered through 
most of the length-frequency group. 

 

 
FIGURE 28.     Stream steelhead checked through the downstream trap at Waddell Creek 

during the 1938-39 season; length frequencies by two-week periods. 
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TABLE 38 
Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, All Seasons Combined; 

Length-frequency Distribution by Two-week Periods 
 

Length in 
mm. 

 
O ct 1- 

14 

 
Oct 

15-28 

Oct 
29- 
Nov 
11 

 
Nov 

12-25 

Nov 
26- 

Dec 9 

 
Dec 

10-23 

Dec 
24-Jan 

6 

 
Jan 7- 

20 

Jan. 
21-Feb 
3 

 
Feb 

4--17 

Feb 
18- 

Mar 3 

 
Mar 4 

-17 

 
Mar. 
18-31 

 
21-25 

 
-- 

 
-- 

*6 *55  
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- -- -- 

30 -- -- -- -- -- -- -- -- -- -- -- -- -- 
35 -- -- 2 -- -- -- -- -- -- -- -- -- -- 
40 2 1 6 2 1 -- 1 3 -- -- -- -- -- 
45 7 5 17 11 13 4 13 1 1 - -- -- -- 
50 27 8 31 46 37 32 30 8 6 2 -- -- -- 
55 57 26 61 69 109 68 79 19 18 5 -- 2 -- 
60 56 9 88 72 116 76 138 35 15 8 3 2 -- 
65 45 11 60 60 101 84 146 39 18 15 6 4 2 
70 36 22 56 44 66 63 160 28 13 14 6 3 1 
75 52 31 61 33 49 49 101 39 9 16 5 5 3 
80 33 45 43 29 52 39 62 17 7 8 2 6 4 
85 15 29 41 20 20 44 24 11 4 3 2 4 6 
90 26 32 27 14 16 28 25 6 10 1 1 -- 6 
95 22 21 20 7 17 24 10 8 4 1 1 3 7 
100 10 12 13 10 13 16 5 2 5 -- 3 3 6 
105 10 6 7 7 11 13 6 7 2 2 1 5 4 
110 4 6 11 4 9 15 4 3 -- 2 5 8 3 
115 6 8 7 3 8 11 6 6 4 4 7 9 3 
120 3 5 7 2 8 8 5 5 -- 3 13 5 2 
125 4 3 5 4 1 16 1 2 3 8 9 6 10 
130 2 1 6 7 5 7 2 3 3 2 5 4 18 
135 2 3 6 3 4 6 2 1 1 5 12 8 27 
140 2 2 3 3 1 4 1 1 -- 3 14 10 24 
145 -- -- 1 -- 1 7 1 1 2 3 9 13 62 
150 1 2 2 1 -- 2 1 3 2 2 7 19 73 
155 -- 2 3 1 -- 1 -- -- -- 1 7 21 94 
160 -- -- -- -- -- 1 1 -- 2 -- 9 32 99 
165 1 1 -- -- 1 4 1 -- -- 2 10 36 127 
170 -- -- 2 -- -- 1 -- -- 1 1 8 41 111 
175 -- -- -- -- -- 1 1 -- -- 1 8 48 108 
180 -- -- -- -- -- -- 2 -- 1 1 19 41 96 
185 -- -- -- -- -- -- -- -- -- -- 10 37 88 
190 -- -- -- -- 1 -- -- -- 1 2 10 32 80 
195 -- -- -- -- -- -- 2 -- -- -- 9 30 53 
200 -- -- -- -- -- -- -- -- -- -- 2 27 64 
205 -- -- -- -- -- -- -- -- -- -- 6 15 45 
210 -- -- -- -- -- 1 -- -- -- -- 2 14 25 
215 -- -- -- -- -- -- -- 1 -- -- 5 12 23 
220 -- 1 -- -- -- -- -- -- -- -- 2 14 23 
225 -- -- -- -- -- -- -- -- 1 -- -- 7 14 
230 -- -- -- -- -- -- -- -- -- -- -- 7 9 
235 -- -- -- -- 1 -- -- -- -- -- -- 6 9 
240 -- -- -- -- -- -- -- -- -- -- -- 6 7 
245 -- -- -- 1 -- -- -- -- -- -- -- 1 8 
250 -- -- -- -- -- -- -- -- -- -- -- 3 3 
255 -- -- -- -- -- -- -- -- -- -- -- 1 4 
260 -- -- -- -- -- -- -- -- -- -- -- 2 4 
265 -- -- -- -- -- -- -- -- -- -- -- 1 2 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- 
275 1 -- -- -- -- -- -- -- -- -- -- -- -- 
280 -- -- -- -- -- -- -- -- -- -- -- -- -- 
285 -- -- -- -- -- -- -- -- -- -- -- -- -- 
290 -- -- -- -- -- -- -- -- -- -- -- -- -- 
295 -- -- -- -- -- -- -- -- -- -- -- -- -- 
300 -- -- -- -- -- -- -- -- -- -- -- 1 -- 
305 -- -- -- -- -- -- -- -- -- -- -- -- -- 
310 -- -- -- 1 -- -- -- -- -- -- -- -- -- 
Totals 424 292 592 509 661 625 830 249 133 115 218 554 1,357 

* Measured only as 75 mm. or under.   † Length not recorded.    ‡ Measured only as 3" or under. § Measured only over 3" 
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        7 1 1 --  1 -- -- -- 

260 1 3 -- --  -- -- -- -- 
265 1 -- -- 1  -- -- -- -- -- -- -- 
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285 -- -- -- --  -- -- -- -- -- -- -- 
290 -- -- -- --  -- -- -- -- -- -- -- 
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TABLE 38 - continued 
Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, All Seasons Combined; 

Length-frequency Distribution by Two-week Periods 

Length Apr. 
1-14 

Apr. 
15-28 

Apr. 
29- 
May 
12 

May 
13-26 

May 
27- 

June 9 

June 
10-23 

June 
24- 

July 7 

July 
8-21 

July 
22- 

Aug. 4 

Aug. 
5-18 

Aug 
19- 
Sept 

1 

Sept 
2-15 

Sept 
. 

16- 
30 

‡189 ‡72 ‡42 ‡74 ‡27 ‡28 ‡12 ‡7 
21-25 -- -- -- 2 -- -- -- -- -- 
30 -- 1 2 6 5 2 -- -- 1 

AGE +
 

-- 
-- 

-- 
-- 

35 1 1 1 -- 6 19 32 13  1 3 -- 3 _--_ 
40 -- 4 2 3 6 21 120 114  23 12 9 3 _--_ 
45 -- -- 3 16 11 61 133 185  56 45 20 16 9 
50 -- 3 4 39 47 126 171 222  115 82 55 18 14 
55 -- -- 3 87 140 292 294 295  150 155 94 54 35 
60 -- 1 7 136 204 498 393 333  203 158 116 38 44 
65 1 -- 5 123 269 637 492 340  251 173 94 50 47 
70 1 6 5 68 172 490 466 261  201 130 60 58 81 
75 8 13 12 43 100 315 317 238  208 140 39 41 110 
80 19 26 51 62 84 244 213 153  135 85 29 47 125 
85 29 75 122 138 105 174 169 74  85 63 10 28 109 
90 51 114 184 244 158 152 106 74  79 55 11 36 83 
95 45 158 230 397 239 158 99 48  47 22 14 18 65 
100 34 161 268 464 285 213 99 32  40 19 5 17 40 
105 28 120 253 466 332 217 79 26  16 11 6 10 30 
110 21 91 215 381 286 195 77 19  13 8 8 5 28 
115 17 56 134 315 241 194 77 18  5 8 8 3 12 
120 13 35 99 180 204 134 53 14  8 4 3 7 12 
125 20 33 64 114 151 80 26 12  7 2 1 3 6 
130 26 32 43 72 91 50 18 10  -- -- 2 4 7 
135 47 43 57 60 62 36 14 6  5 3 2 2 4 
140 75 72 56 47 36 11 8     3 6 1 1 6 
145 115 108 76 49 24 13 2 3  2 -- 2 2 4 
150 145 140 126 53 13 6 2 1  1 3 -- -- 1 
155 179 203 111 56 21 6 1 --  1 -- -- -- 1 
160 207 219 98 53 8 2 -- --  1 -- 2 -- -- 
165 211 178 116 47 12 2 -- --  --   -- 1 
170 213 164 99 37 6  -- --  -- AGE 1 

 -- -- 
175 177 147 65 20 4 1 -- --  -- -- -- -- 1 
180 156 103 37 10 4 1 -- --  -- -- -- 1 -- 
185 106 69 29 8 4 -- -- --  -- -- -- -- -- 
190 94 59 19 3 3 -- 1 --  -- -- -- 1 -- 
195 66 38 7 5 -- -- -- --  -- -- 1 1 -- 
200 56 20 7 1 -- -- -- --  -- -- -- -- -- 
205 32 10 1 2 1 -- -- --  -- -- -- -- -- 
210 26 11 3 1 -- -- -- --  -- -- -- -- -- 
215 
220 

19 
12 

9 
5 

1 
2 

-- 
-- 

1 
-- 

-- 
-- 

-- 
-- 

-- 
--  

-- 
-- AGE 2  

-- 
-- 

-- 
-- 

225 10 7 4 2 -- -- -- --  -- -- -- -- -- 
230 4 7 -- 2 -- -- -- --  -- -- -- -- -- 
235 3 5 2 2 2 -- 1 --  -- -- -- -- -- 
240 7 2 _--_ 1    1 -- --  -- -- -- -- -- 
245 5 1 2 1 -- -- -- --  -- -- -- -- -- 
250 3 2 -- -- -- -- -- --  -- -- -- -- -- 

 
 
 
 
 
 
 
 
 

Totals 2,292    2,556     2,628      3,819      3,563      4,434      3,506      2,569      1,684      1,216     604     474      875 
GRAND TOTAL : 36,779 
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Figure 28 shows the downstream migration for the 1938-39 season by time-
length-number. In this graph the modal groups stand out even more clearly 
than they do in some other seasons and there is little overlap. The modal 
groups for the fish of the season (which begin their downstream migration 
almost immediately after emergence from the gravel), and for the next older 
age class are clearly discernible. The fish of the other age classes are not 
distinct from each other but form a series of single modal groups which 
are highly skewed in the direction of the greater lengths. Fish completing 
their second year and entering their third (and called age 2) form the 
majority of fish in this series of modal groups. Older fish are scattered 
throughout, but  tend to  be  more prevalent  in the  upper,  skewed portions, 
especially toward the earlier part of the migration. Such older fish in turn are 
composed principally of one age class, with only an occasional older fish. 
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Figures 11-19 and 29 show the age composition of the downstream 
migration in each season. From these graphs it is seen that the four age 
classes which, except for an occasional older fish, make up the  down- 
stream migration in each season, move down in sequence during the main 
(spring) migration. The oldest fish appear first and are followed by 
progressively younger fish. There is often considerable overlap in the 
migration times of the different age groups, but ordinarily there is a 
distinct time interval between the occurrence of  the  peak  numbers  of 
each group. 

The dividing lines used to separate the age classes are shown in Table 
38  (and  A-19  to  A-27  of  the  Appendix).  Where  an  overlap  occurs,  the 
dividing  line  does  not  indicate  that  all  of  the  fish  below  the  line  are 
thought to belong to one age class and those above it to another, but it 
does indicate that the two modal groups have been separated to show the 
correct numbers of fish in the two age classes. If the slope of the curves 
of the two modal groups is the same at the overlap (no skewness or equal 
skewness) and the number of fish in each modal group is the same, there 
will be equal numbers from each modal group (and therefore age class) 
above and below the line, respectively, and the dividing line will 
decrease the apparent size range of each age class equally. If the slope of 
the curves is not the same or the number of fish in each modal group is 
not the same, the dividing line will decrease the apparent size range of 
the age class that has the smaller numbers and/ or the greater skewness, 
but will increase the apparent size range of the other age class, with the 
larger number of fish and/or the lesser skewness. In general, the length- 
frequency distributions of each age class are skewed positively, i.e., in 
the direction of the larger fish. 

For the great bulk of the data at hand, the method of dividing the age 
classes by eye is considered to be quite satisfactory. The great majority 
(probably over 90 percent) of all the downstream migrants are so grouped 
that there can be little question regarding their assignment to the proper 
age. Of the remainder (approximately 10 percent), those occurring at 
points of overlap can be divided with a high degree (probably 90 percent) 
of accuracy, even without scale reading, since the pattern of each modal 
group for any given weekly or two-week period is usually fairly obvious 
from its pattern in the preceding and following periods. Reading of scales 
at various points of overlap has served to further increase the accuracy of 
assignment of these doubtful fish to the proper age classes. The greatest 
difficulty is encountered in segregating age 2 from age 3  fish  in  the 
spring migration at those points at which no scale reading was done, 
because by the time the fish have reached  this  size  and  age  their  size 
range is so scattered that the fish do not form sharply defined  modal 
groups. However, scale reading for the entire size range of these two age 
groups combined, carried out for some periods in different seasons, 
indicates that the age 3 fish are greatly in the minority (forming 
approximately 5 percent of the fish in the modal group for these two age 
classes combined) and occur mostly in the earlier portion of the spring 
migration. 
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It is believed that over 95 percent of all the fish in the downstream 
migrations were assigned to the correct age class.32

 

The  numbers  of  fish  of  each  age  group  passing  through  the  down- 
stream trap in each season, by weekly periods, are shown in Tables 40- 
44. Their proportionate representation in the various seasons is shown in 
Tables 45 and 46. 

The question now arises to what extent the migration through the trap 
is  representative  of  the  total  downstream  migration  (i.e.,  migration 
through   the   trap   plus   the   uncounted   migration   over   the   dam   and 
migration of fish produced below the dam), as regards time of migration 
and age of fish. An estimate of the numbers and age composition of the 
fish  passing  uncounted  over  the  dam  will  be  made  in  the  section  on 
"Survival" (pages 204-239), but there is no way of showing the time at 
which such fish migrated. 

During  the  fall  all  of  the  water  passes through  the  trap,  so  that  the 
numbers of fish shown in Figures 11-19 are the entire numbers migrat- 
ing  downstream  at  that  time.  The  very  light  migration  at  this  time  is 
therefore  an  actual  thing  and  is  almost  certainly  influenced  by  the 
minimum  flow  which  is  reached  during  that  period.  The  very  light 
migration at this time (not only of the downstream stream steelhead but 
also of other categories of steelhead and other fishes), 

 

32 The fact that the age classes stand out sufficiently as modal groups to permit them to be picked out readily 
is shown by the fact that out of 19,688 fish in the five seasons for which two observers (Leo 
Shapovalov and E. S. Herald) assigned all of the fish to age classes, there was disagreement in the case 
of only 769 fish, or less than 4 percent. The disagreement was not greater than 6 percent in any one 
season. Since the disagreement was not all in one direction, the disagreement regarding numbers 
assigned to each age class is even less. Table 39 shows that the effect of these differences of opinion is 
practically negligible in showing the number of fish in any given age class expressed as a percentage of 
fish in all age classes. 

 
TABLE 39 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap; Assignment to Age Groups 
by Two Observers 

 

 
 

Season 

 O
bs

er
ve

r 

 N
um

be
r o

f a
ge

 
+ 

m
ig

ra
nt

s 

Pe
rc

en
ta

ge
 o

f 
m

ig
ra

tio
n 

 N
um

be
r o

f a
ge

 
1 

m
ig

ra
nt

s 

Pe
rc

en
ta

ge
 o

f 
m

ig
ra

tio
n 

 N
um

be
r o

f a
ge

 
2 

m
ig

ra
nt

s 

Pe
rc

en
ta

ge
 o

f 
m

ig
ra

tio
n 

 

N
um

be
r o

f a
ge

 
3 

m
ig

ra
nt

s 

Pe
rc

en
ta

ge
 o

f 
m

ig
ra

tio
n 

N
um

be
r o

f a
ge

 
4 

m
ig

ra
nt

s 

Pe
rc

en
ta

ge
 o

f 
m

ig
ra

tio
n 

 
1933-34 

L.S. 604 19 741 24 1,657 53 112 4 3 + 

E.S.H. 604 19 748 24 1,673 54 89 3 3 + 

 LS 1,365 35 1,655 42 830 21 90 2 3 + 
1935-36 

            
E.S.H. 1,370 35 1,567 40 937 24 66 2 3 + 

 L.S. 1,875 53 1,191 34 451 13 11 + 1 + 
1936-37 E.S.H. 1,856 52 1,181 33 413 12 78 2 1 + 

 L.S. 2,239 64 945 27 292 8 7 + 1 + 
1939-40 E.S.H. 2,221 64 943 27 286 8 33 1 1 + 

 L.S. 3,306 59 2,049 36 251 4 9 + 0 + 
1940-41 E.S.H. 3,463 62 1,797 32 328 6 27 + 0 + 

            Totals L.S. 9,389 48 6,581 33 3,481 18 229 1 8 + 
(19,688) E.S.H. 9,514 48 6,236 32 3,637 18 293 1 8 + 
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TABLE 40 

 

Waddell Creek, Steelhead: Age + Stream Fish Checked Through Downstream Trap, by Weekly 
Periods 

 
Period 
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Oct. 1-7 -- -- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 -- -- -- -- -- -- -- -- -- -- -- 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 3-9 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 10-16 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 17-23 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 24-30 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 31-Jan. 6 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 7-13 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 14-20 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 21-27 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 28-Feb. 3 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 4-10 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 11-17 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 25-Mar. 3 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 4-10 -- -- -- -- -- -- -- -- -- -- -- 
Mar. ll-17 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 25-31 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 1-7 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 8-14 -- 1 -- -- -- -- -- -- -- 1 + 
Apr. 15-21 1 -- -- -- -- -- -- 3 -- 4 + 
Apr. 22-28 2 -- -- -- -- -- -- 4 - 6 1 
Apr. 29-May 5 4 -- -- -- -- -- -- 1 1 6 1 
May 6-12 8 -- -- -- 2 1 -- 5 7 23 3 
May 13-19 38 -- 4 7 4 5 -- 49 24 131 15 
May 20-26 70 1 7 16 49 8 -- 176 47 374 42 
May 27- June 2 30 10 6 58 71 7 6 168 21 377 42 
June 3-9 189 -- 19 158 86 26 16 200 125 819 91 
June 10-16 59 -- 140 139 67 124 81 413 244 1,267 141 
June 17-23 13 131 276 58 150 67 74 709 189 1,667 185 
June 24-30 2 92 272 82 324 14 253 342 230 1,611 179 
July l-7 40 129 24 369 200 60 241 105 218 1,386 154 
July 8-14 48 19 54 508 172 68 148 41 300 1,358 151 
July 15-21 26 75 134 159 165 15 113 98 288 1,073 119 
July 22-28 18 47 82 20 210 44 139 150 128 838 93 
July 29-Aug. 4 9 57 59 10 66 20 494 29 43 787 87 
Aug. 5-11 11 55 25 92 57 37 388 17 18 700 78 
Aug. 12-18 17 20 101 61 42 47 164 8 21 481 53 
Aug. 19-25 6 5 87 32 77 21 41 20 8 297 33 
Aug. 26-Sept. 1 6 25 49 20 84 45 25 20 6 280 31 
Sept. 2-8 4 12 11 41 46 7 15 36 14 186 21 
Sept. 9-15 3 13 7 28 16 27 24 114 24 256 28 
Sept. 16-22 3 5 9 26 19 12 228 10 312 35 
Sept. 23-30 4 3 8 32 29 5 370 43 494 55 

Totals 604 699 1,365 1,875 1,946 691 2,239 3,306 2,009 14,734 -- 
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TABLE 41 
Waddell Creek, Steelhead: Age 1 Stream Fish Checked Through Downstream Trap, 

by Weekly Periods 
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-- -- 2 6 60 19 3 126 216 27 
Oct. 8-14 -- 7 3 9 57 71 9 25 181 23 
Oct. 15-21 -- -- 2 11 4 18 1 91 127 16 
Oct. 22-28 -- -- -- 15 12 14 26 67 134 17 
Oct. 29-Nov. 4 -- -- -- 26 215 4 33 125 403 50 
Nov. 5-11 6 -- -- 24 42 21 12 38 143 18 
Nov. 12-18_- 56 14 10 104 2 11 16 29 242 30 
Nov. 19-25 13 67 8 128 2 -- 8 7 233 29 
Nov. 26-Dec. 2 7 10 1 33 284 2 4 5 346 43 
Dec. 3-9 1 5 9 2 22 168 -- 2 74 283 31 
Dec. 10-16 13 9 15 6 21 47 14 1 30 156 17 
Dec. 17-23 3 2 2 24 5 216 13 101 30 396 44 
Dec. 24-30 6 14 76 101 1 80 15 2 23 318 35 
Dec. 31-Jan. 6 - 10 324 85 7 42 9 6 1 484 54 
Jan. 7-13 -- 6 48 12 5 64 1 9 1 146 16 
Jan. 14-20 2 -- 19 10 7 33 -- 8 -- 79 9 
Jan. 21-27 3 1 6 5 6 32 2 9 -- 64 7 
Jan. 28-Feb. 3 -- 3 2 2 -- 36 -- 1 8 52 6 
Feb. 4-10------ 11 8 1 11 1 16 1 -- -- 49 3 
Feb. 11-17------ 5 2 3 6 -- 5 -- 1 3 25 3 
Feb. 18-24 3 -- 2 8 3 -- -- 4 6 26 3 
Feb. 25-Mar. 3 2 -- 4 1 -- -- -- 2 3 12 1 
Mar. 4-10 2 3 6 3 -- 11 -- -- 2 27 3 
Mar. 11-17 4 3 5 2 4 7 -- 4 1 30 3 
Mar. 18-24 10 3 1 1 1 4 2 2 -- 24 3 
Mar. 25-31 10 1 2 -- -- 12 1 -- 1 27 3 
Apr. 1-7 23 15 2 4 2 20 1 1 10 78 9 
Apr. 8-14 59 3 3 1 2 113 2 1 9 193 21 
Apr. 15-21 115 9 2 1 -- 185 6 25 1 344 38 
Apr. 22-28 124 9 8 1 1 349 3 47 7 549 61 
Apr. 29-May 5 61 41 30 2 4 241 3 13 58 453 50 
May 6-12 66 32 67 20 29 599 22 224 187 1,246 138 
May 13-19 68 22 231 92 81 381 18 228 189 1,310 146 
May 20-26 65 37 206 200 149 227 28 335 411 1,658 184 
May 27-June 2 35 51 199 184 105 60 194 230 86 1,144 127 
June 3-9 36 83 82 216 76 11 185 195 272 1,156 128 
June 10-16 8 68 84 78 31 23 76 139 375 882 98 
June 17-23 -- 28 69 49 33 17 46 133 232 607 67 
June 24-30 -- 16 37 13 28 -- 40 74 160 368 41 
July 1-7 1 7 4 10 12 8 10 40 47 139 15 
July 8-14 1 1 1 11 11 1 5 16 33 80 9 
July 15-21 2 1 4 3 5 1 3 19 20 58 6 
July 22-28 1 -- -- -- 4 -- 11 14 -- 30 3 
July 29-Aug.4 -- -- -- -- -- 1 25 2 1 29 3 
Aug. 5-11 -- -- 1 -- -- -- 13 2 -- 16 2 
Aug. 12-18 1 -- -- -- 1 1 11 3 2 19 2 
Aug. 19-25 -- -- -- 1 - - 7 2 1 11 1 
Aug.26-Sept.1 -- 1 1 -- 2 1 7 1 2 15 2 
Sept. 2-8 -- -- 1 -- - 2 2 3 4 12 1 
Sept. 9-15 -- 2 -- - -- 1 3 5 7 18 2 
Sept. 16-22 -- -- -- -- -- 2 3 12 5 22 2 
Sept. 23-30 -- -- -- -- -- 4 3 21 19 47 5 

Totals 741 578 1,655 1,191 1,015 3,699 945 2,049 2,834 14,707 -- 
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TABLE 42 

 

Waddell Creek, Steelhead: Age 2 Stream Fish Checked Through Downstream Trap, 
by Weekly Periods 
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-- -- -- -- -- 2 2 5 9 1 
Oct. 8-14 -- - -- 1 2 12 2 -- 17 2 
Oct. 15-21 -- -- 1 1 -- 1 -- 6 9 1 
Oct. 22-28 -- -- -- -- -- -- 18 3 21 3 
Oct. 29-Nov. 4 1 -- -- -- 1 2 10 20 34 4 
Nov. 5-11 4 -- -- -- -- 1 2 5 12 2 
Nov. 12-18 7 -- 1 3 -- -- 2 3 16 2 
Nov. 19-25 8 4 -- 3 -- -- -- -- 15 2 
Nov. 26-Dec. 2 1 -- -- 2 1 -- 2 2 8 1 
Dec. 3-9 1 -- 2 -- 1 6 -- -- 11 21 2 
Dec. 10-16 15 -- -- -- 4 -- 6 -- 1 26 3 
Dec. 17-23 2 1 -- 2 -- 4 -- 33 4 46 5 
Dec. 24-30 2 1 -- 1 -- -- 4 1 -- 9 1 
Dec. 31-Jan. 6 -- 2 5 5 1 1 2 -- -- 16 2 
Jan. 7-13 -- 1 5 -- -- 1 6 6 -- 19 2 
Jan. 14-20 2 -- -- -- -- -- -- 1 1 4 + 
Jan. 21-27 -- -- 2 -- 3 -- 1 --  6 1 
Jan. 28-Feb. 3 2 1 4 1 - 1 -- -- 1 10 1 
Feb. 4-10 5 1 -- 6 - 1 1 --  14 2 
Feb. 11-17 6 2 - 12 -- 1 3 1 1 26 3 
Feb. 18-24 25 3 1 14 9 2 2 - 7 63 7 
Feb. 25-Mar. 3 20 3 9 16 9 2 2 - 37 98 11 
Mar. 4-10 12 6 55 30 3 14 2 1 70 193 21 
Mar. 11-17 50 14 56 25 12 25 3 27 5 217 24 
Mar. 18-24 128 41 85 8 1 68 47 27 24 429 48 
Mar. 25-31 178 46 63 15 1 256 16 24 143 742 82 
Apr. l-7 272 103 39 36 8 336 -- -- 190 984 109 
Apr. 8-14 337 14 75 30 26 386 9 -- 80 957 106 
Apr. 15-21 221 44 169 32 44 229 52 22 7 820 91 
Apr. 22-28 257 76 103 39 27 205 25 23 45 800 89 
Apr. 29-May 5 83 60 116 55 39 106 6 9 102 576 64 
May 6-12 31 19 24 54 77 47 15 15 29 311 35 
May 13-19 5 10 9 43 85 18 15 9 12 206 23 
May 20-26 2 12  20 37 7 19 10 21 128 14 
May 27- June 2 1 1 2 4 11 -- 18 2 5 44 5 
June 3-9 -- 1 1 -- 1 -- 12 2 3 20 2 
June 10-16 -- -- -- -- -- -- 8 -- -- 8 1 
June 17-23 -- -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- -- -- -- -- -- 
July l-7 -- -- 1 -- -- -- -- -- -- 1 + 
July 8-14 -- -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- 1 -- -- -- -- 1 + 
Sept. 2-8 -- -- -- 1 -- -- -- -- -- 1 + 
Sept. 9-15 -- 1 -- -- -- -- -- -- -- 1 + 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- -- 

Totals 1,657 484 830 451 410 1,720 292 251 843 6,938 -- 
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TABLE 43 
Waddell Creek, Steelhead: Age 3 Stream Fish Checked Through Downstream Trap, 

by Weekly Periods 
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Oct. l-7   -- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- 1 -- -- 1 + 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 1 -- -- -- -- -- -- -- 1 + 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- -- -- -- -- 
Dec. 3-9 1 -- -- -- -- -- -- -- 1 2 + 
Dec. 10-16 -- -- -- -- 1 -- -- -- -- 1 + 
Dec. 17-23 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 24-30 -- -- 1 -- -- - 1 -- -- 2 + 
Dec. 31-Jan. 6 - -- 1 -- -- -- -- -- -- 1 + 
Jan. 7-13 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 14-20 -- -- -- -- -- -- -- 1 -- 1 + 
Jan. 21-27 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 28-Feb. 3. 1 -- -- -- -- -- -- -- -- 1 + 
Feb. 4-10 --  -- -- -- -- -- -- -- -- -- 
Feb. 11-17 -- -- -- -- -- -- -- 1 -- 1 + 
Feb. 18-24 2 -- -- 1 2 -- -- -- -- 5 1 
Feb. 25-Mar. 3 5 -- 3 2 2 -- -- -- 2 14 2 
Mar. 4-10 7 3 6 4 -- 1 -- -- 7 28 3 
Mar. 11-17 16 3 22 1 3 7 -- 2 2 56 6 
Mar. 18-24 21 6 19 1 -- 5 5 2 2 61 7 
Mar. 25-31 12 7 16 -- -- 29 -- 1 8 73 8 
Apr. l-7 13 8 2 -- -- 12 -- -- 9 44 5 
Apr. 8-14 15 -- 5 -- 2 12 -- -- -- 34 4 
Apr. 15-21 7 -- 2 -- 2 -- -- -- -- 11 1 
Apr. 22-28 8 -- 7 1 1 5 -- -- -- 22 2 
Apr. 29-May 5 2 -- -- -- 2 1 -- 1 -- 6 1 
May 6-12 -- -- 3 1 -- 2 -- -- -- 6 1 
May 13-19 -- -- 3 -- 4 -- -- 1 -- 8 1 
May 20-26 -- -- -- -- -- 1 -- -- 1 2 + 
May 27-June 2 2 -- -- -- -- 1 -- -- -- 3 + 
June 3-9 -- -- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- 1 1 + 
June 17-23 -- -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- -- -- -- -- -- 
July l-7 -- -- -- -- -- 1 -- -- -- 1 + 
July 8-14 -- -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-ll -- -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- -- 

Totals 112 28 90 11 19 77 7 9 33 386 -- 
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TABLE 44 

 

Waddell Creek, Steelhead: Age 4 Stream Fish Checked Through Downstream Trap, 
by Weekly Periods 
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-- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- 1 -- -- 1 + 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 2 -- -- -- -- -- -- -- 2 + 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- -- -- -- -- 
Dec. 3-9 -- -- -- -- -- -- -- -- 1 1 + 
Dec. 10-16 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 17-23 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 24-30 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 31-Jan. 6 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 7-13 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 14-20 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 21-27 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 28-Feb. 3 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 4-10 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 11-17 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 25-Mar. 3 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 4-10 1 -- 1 -- -- -- -- -- -- 2 + 
Mar. ll-17 -- -- -- -- -- 1 -- -- -- 1 + 
Mar. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 25-31 1 -- -- -- -- -- -- -- -- 1 + 
Apr. l-7 -- -- -- -- -- 1 _-- -- _-- 1 + 
Apr. 8-14 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 15-21 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 22-28 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 29-May. 5 -- -- 1 -- -- -- -- -- -- 1 + 
May 6-12 -- -- -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- 1 -- -- -- -- -- -- 1 + 
May 20-26 1 -- -- -- -- -- -- -- -- 1 + 
May 27- June 2 -- -- -- -- -- -- -- -- -- -- -- 
June 3-9 -- -- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- 1 1 + 
June 17-23 -- -- -- 1 -- -- -- -- -- 1  June 24-30 -- -- -- -- -- -- -- -- -- -- -- 
July 1-7 -- -- -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- -- -- -- -- -- -- 
July 29- Aug. 4 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- -- 

Totals 3 2 3 1 0 2 1 0 2 14  
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TABLE 45 

 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, by Age Groups and Seasons 
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1933-34 604 19 741 24 1,657 53 112 4 3 + 3,117 
1934-35 699 39 578 32 484 27 28 2 2 + 1,791 
1935-36 1,365 35 1,655 42 830 21 90 2 3 + 3,943 
1936-37 1,875 53 1,191 34 451 13 11 + 1 + 3,529 
1937-38 1,946 57 1,015 30 410 12 19 1 0 0 3,390 
1938-39 691 11 3,699 60 1,720 28 77 1 2 + 6,189 
1939-40 2,239 64 945 27 292 8 7 + 1 + 3,484 
1940-41 3,306 59 2,049 36 251 4 9 + 0 0 5,615 
1941-42 2,009 35 2,834 50 843 15 33 1 2 + 5,721 

Totals 14,734 40 14,707 40 6,938 19 386 1 14 + 36,779 

coupled with the fact that  the  steelhead  and  silver  salmon  have 
virtually completed their growth of the season, makes the end of 
September a convenient point to end a season. 

Except by general observation, there is no way of  knowing  how 
many fish migrate downstream over the dam during the apparent slack 
period of January-February. This is a period of heavy rainfall and the 
stream is often at flood stage and turbid. General observations at 
Waddell and Scott creeks and data obtained from other streams all 
indicate that actually there is little downstream migration of steelhead 
during  this  period.  Comparatively  few  steelhead  have  been  observed 

 

 

 
 

FIGU RE 30.     Mouth of Waddell Creek after a storm. 
Photograph by Leo Shapovalov, January 11, 1936.  
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Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, by Age Groups and Weekly Periods, All Seasons Combined 
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Number 
of all 

migrants 
Oct. l-7 --- --- --- 216 1 96 9 + 4 --- --- --- --- --- --- 225 
Oct. 8-14 --- --- --- 181 1 91 17 + 9 --- --- --- 1 7 1 199 
Oct. 15-21 --- --- --- 127 1 93 9 + 6 1 + 1 --- --- -- 137 
Oct. 22-28 --- --- --- 134 1 86 21 + 14 --- --- --- --- --- --- 155 
Oct. 29-Nov. 4 --- --- --- 403 3 92 34 + 8 --- --- --- --- --- --- 437 
Nov. 5-ll --- --- --- 143 1 92 12 + 8 --- --- --- --- --- --- 155 
Nov. 12-18 --- --- --- 242 2 93 16 + 6 1 + + 2 14 1 261 
Nov. 19-25 --- --- --- 233 2 94 15 + 6 --- --- --- --- --- --- 248 
Nov. 26-Dec. 2 --- --- --- 346 2 98 8 + 2 --- --- --- --- --- --- 354 
Dec. 3-9 --- --- --- 283 2 92 21 + 7 2 1 1 1 7 + 307 
Dec. 10-16 --- --- --- 156 1 85 26 + 14 1 + 1 --- --- --- 183 
Dec. 17-23 --- --- --- 396 3 90 46 1 10 --- --- --- --- --- --- 442 
Dec. 24-30 --- --- --- 318 2 97 9 + 3 2 1 1 --- --- --- 329 
Dec. 31- Jan. 6 --- --- --- 484 3 97 16 + 3 1 + + --- --- --- 501 
Jan. 7-13 --- --- --- 146 1 88 19 + 12 --- --- --- --- --- --- 165 
Jan. 14-20 --- --- --- 79 1 94 4 + 5 1 + 1 --- --- --- 84 
Jan. 21-27 --- --- --- 64 + 91 6 + 9 --- --- --- --- --- --- 70 
Jan. 28-Feb. 3 --- --- --- 52 + 83 10 + 16 1 + 2 --- --- --- 63 
Feb. 4-10 --- --- --- 49 + 78 14 + 22 --- --- --- --- --- --- 63 
Feb. 11-17 --- --- --- 25 + 48 26 + 50 1 + 2 --- --- --- 52 
Feb. 18-24 --- --- --- 26 + 28 63 1 67 5 1 5 --- --- --- 94 
Feb. 25-Mar. 3 --- --- --- 12 + 10 98 1 79 14 4 11 --- --- --- 124 
Mar. 4-10 --- --- --- 27 + 11 193 3 77 28 7 11 2 14 1 250 
Mar. 11-17 --- --- --- 30 + 10 217 3 71 56 15 18 1 7 + 304 
Mar. 18-24 --- --- --- 24 + 5 429 6 83 61 16 12 --- --- --- 514 
Mar. 25-31 --- --- --- 27 + 3 742 11 88 73 19 9 1 7 + 843 
Apr. 1-7 --- --- --- 78 1 7 984 14 89 44 11 4 1 7 + 1,107 
Apr. 8-14 1 + + 193 1 16 957 14 81 34 9 3 --- --- --- 1,185 
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TABLE 46 - continued. 
Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, by Age Groups and Weekly Periods, All Seasons Combined 
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Number 
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Apr. 15-21 4 + + 344 2 29 820 12 70 11 3 1 --- --- --- 1,179 
Apr. 22-28 6 + + 549 4 40 800 12 58 22 6 2 --- --- --- 1,377 
Apr. 29-May 5 6 + 1 453 3 43 576 8 55 6 2 1 1 7 + 1,042 
May 6-12 23 + 1 1,246 8 79 311 4 20 6 2 + --- --- --- 1,586 
May 13-19 131 1 8 1,310 9 79 206 3 12 8 2 + 1 7 + 1,656 
May 20-26 374 3 17 1,658 11 77 128 2 6 2 1 + 1 7 + 2,163 
May 27-June 2 377 3 24 1,144 8 73 44 1 3 3 1 + --- --- --- 1,568 
June 3-9 819 6 41 1,156 8 58 20 + 1 --- --- --- --- --- --- 1,995 
June 10-16 1,267 9 59 882 6 41 8 + + 1 + + 1 7 + 2,159 
June 17-23 1,667 11 73 607 4 27 --- --- --- --- --- --- 1 7 + 2,275 
June 24-30 1,611 11 82 368 2 19 --- --- --- --- --- --- --- --- --- 1,979 
July l-7 1,386 9 91 139 1 9 1 + + 1 + + --- --- --- 1,527 
July 8-14 1,358 9 94 80 1 6 --- --- --- --- --- --- --- --- --- 1,438 
July 15-21 1,073 7 95 58 + 5 --- --- --- --- --- --- --- --- --- 1,131 
July 22-28 838 6 97 30 + 3 --- --- --- --- --- --- --- --- --- 868 
July 29-Aug. 4 787 5 96 29 + 4 --- --- --- --- --- --- --- --- --- 816 
Aug. 5-ll 700 5 98 16 + 2 --- --- --- --- --- --- --- --- --- 716 
Aug. 12-18 481 3 96 19 + 4 --- --- --- --- --- --- --- --- --- 500 
Aug. 19-25 297 2 96 11 + 4 --- --- --- --- --- --- --- --- --- 308 
Aug. 26-Sept. 1 280 2 95 15 + 5 1 + + --- --- --- --- --- --- 296 
Sept, 2-8 186 1 93 12 + 6 1 + + --- --- --- --- --- --- 199 
Sept. 9-15 256 2 93 18 + 7 1 + + --- --- --- --- --- --- 275 
Sept. 16-22 312 2 93 22 + 7 --- --- --- --- --- --- --- --- --- 334 
Sept. 23-30 494 3 91 47 + 9 --- --- --- --- --- --- --- --- --- 541 

Totals 14,734 --- 40 14,707 --- 40 6,938 --- 19 386 --- 1 14 --- + 36,779 
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moving downstream during this period at Waddell and Scott creeks and at 
the various counting and egg taking stations of the California Department 
of Fish and Game, such as the ones at Benbow Dam on the South Fork of 
Eel River, Van Arsdale Dam on the Eel River, San Lorenzo Egg Taking 
Station on the San Lorenzo River, Sweasey Dam on the Mad River, and 
various stations in the Klamath River system. Pautzke and Meigs (1940), 
drawing on unpublished data of Loyd A. Royal and C. H. Ellis for the 
Minter Creek Experimental Station in the State of Washington, state that 
no downstream steelhead were taken in their trap from  September  1, 
1938, to April 2, 1939. At Minter Creek, all fish passing downstream are 
taken, since large rotary screens prevent the escape of any past the trap. 

Evidence based on general observations at Waddell and Scott creeks 
and  data  obtained  from  other  streams  also  indicate  that  the  largest 
numbers  of  stream  steelhead  migrate  downstream  at  the  approximate 
times indicated in Figures 11-19. Pautzke and Meigs (1940),  quoting 
Royal and Ellis, state that of the total of 672 steelhead downstream 
migrants counted through the trap between April 2, 1939, and June 11, 
1939, 449 or 71.6 percent passed through the trap during the three-week 
period from May 1st to May 21st. Part-season counts and observations at 
the various counting and egg taking stations of the California 
Department of Fish and Game indicate a heavy  migration  during  this 
same period and a marked tapering-off in September and October. 

The fact that the same flows at which the main migration takes place 
through the trap are often reached at times when no migration occurs 
through the trap (Figures 11-19) is a strong  indication  that  the 
migrations through the trap are in general indicative of the  migration 
taking place in the stream as a whole. 

Although heavy and light migrations of downstream stream steelhead 
in the stream as a whole occur at the times shown in Figures 11-19, it is 
probable that the numbers shown in this graph are not proportionate to 
the numbers migrating down in the stream as a whole, especially during 
the period of heaviest migration. Probably the time of beginning of the 
spring migration is shown fairly accurately on the graph, but it is to be 
expected that, because of the large volume of  water  passing  over  the 
dam, proportionately larger numbers  than  are  shown  by  the  graph 
migrate downstream over the dam in the early stages of the spring 
migration. As less and less water passes over the dam (except for 
occasional freshets), the proportion of fish passing through the trap 
increases, until the water stops flowing over the dam and all of the fish 
enter the trap. If the age groups making up the downstream migration 
occurred in the same proportions throughout the season, Figure 29 would 
show the correct age composition of the downstream migration, even if it 
did not show the true distribution of numbers at all times of the season. 
However, the age composition of the downstream migration is very 
different at different times of the season, as we saw from Figures 11-19. 
Since the older age classes migrate first in the spring migration, it is to 
be expected that they will be the most affected by fish passing over the 
dam and so will show up in disproportionately small numbers among the 
fish taken in the trap and shown in Figures 11-19 and 29. 
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Since only about one-fourth of the returning adults are marked it would 
appear, at first glance, that three-fourths of the fish (1) passed downstream 
over the dam uncounted, (2) were produced in Waddell Creek below the dam, 
or (3) strayed from other streams. The amount of straying from other streams 
will be shown to be a very minor factor (pages 197-201). The fish that spawn 
below the dam form only about 5 percent of the total spawning run into the 
stream. Thus, it would still appear that a considerable number of fish pass 
downstream over the dam, uncounted  and  unmarked. However,  it will  be 
shown, in the discussion of the survival of the different age classes among 
the marked fish that there is a much higher survival rate among the fish of 
the older age classes. Comparatively small numbers of age 2 and 3 fish, the 
ones that are migrating after the spring migration has started but while there 
is yet considerable water going over the dam, produce the bulk of the marked 
adults. This being the case, it becomes evident that comparatively small 
numbers of fish of these older classes could pass over the dam and  still 
produce the unmarked adults "unaccounted for", i.e., the unmarked adults not 
resulting from fish produced below the dam or straying from other streams. 
That is probably what actually happens. 

 
Sex Ratio 

Sufficient numbers of downstream migrants have not been sexed to 
determine quantitatively the representation of sexes. The sex ratio may vary 
somewhat with the age of the fish. Probably it approaches 1:1 among the fish 
two years old and younger, but may deviate from equal representation among 
the older fish. 

 
Factors Influencing the Time of Migration and Size at Migration 

Possible factors influencing the time of migration and the size of the 
fish, and their interrelationships, were discussed for the silver salmon 
(pages 86-88). The reader is referred to that discussion, since most of it 
is also applicable to the steelhead, except in  that  the  situation  for  the 
latter is made still more complex because a heterogeneous population is 
involved, while the silver salmon formed a homogeneous population. The 
steelhead downstream migrants form a heterogeneous population not only 
because they are formed of different age classes, but also because this 
migration is composed of offspring of sea-run fish which (a) have made a 
previous downstream migration and are going to sea in the current 
season, (b) are making their initial downstream migration and are going 
to sea in the current season, and (c) are making their initial downstream 
migration but will not go to sea until the  following  season,  and  to  a 
minor extent of other offspring of sea-run fish that will not go to sea and 
offspring of stream fish that may or may not go to sea. No attempt was 
made and no method is known to distinguish these various groups, except 
in individual cases, nor to determine the extent of the representation of 
these groups in the downstream migrations. 

In applying the discussion of influencing factors contained in the 
section on silver salmon to the steelhead, each age class must be treated 
as a separate unit. 
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From Figures 11-19 we see that the main (spring) migration  as  a 
whole occurs later or earlier in some seasons than in others, as was the 
case with the silver salmon. Similarly, Figures 11-19 reveal that the early 
seasons are those with generally low stream levels for the  same  dates 
during the migration period (notably  1933-34  and  1938-39),  while  the 
late seasons are those with generally high stream  levels  for  the  same 
dates during the migration period  (notably  1934-35,  1937-38,  1939-40, 
and 1940-41). The effects of the absolute stream  levels on the time of 
migration are probably modified by rate of drop in stream level, sudden 
spring freshets, etc. 

The fish that migrate down in the late fall are principally of the 
previous season's year class. From an examination of Figures 11-19, it is 
apparent that there is a great deal of fluctuation in the size of this 
migration from season to season and also that this migration may have 
several peaks  within a season. Both of these phenomena are accounted 
for by the fact that this migration, or rather series of migrations, is 
associated with rainfall, which is fairly well brought out in Figures 11- 
19. However, these graphs probably do not bring out the association 
between migration and rainfall as clearly as graphs showing rainfall33 or 
the proper combination of rainfall and stream flow would do. Naturally, 
there is an association between rainfall and  stream  flow,  but  the  early 
rains are not as well reflected in the stream flow immediately following 
as are the later rains, when the ground has become soaked and a much 
larger proportion of the precipitation goes into surface runoff. The fall 
migrations appear to be influenced by the rainfall out of proportion to its 
effect on the amount of stream flow. Since the autumn rains vary greatly, 
both regarding amount and time of occurrence, the migrations occurring 
at this time assume a fluctuating character. 

The fall migration, although often occurring near the beginning of the 
season chosen for the present studies, probably should properly be 
thought of as the tail-end of the migration of fish of  the season in the 
previous season, which has been interrupted by low  water  and  perhaps 
other factors associated with low water. The basis for this view lies 
principally in the fact that in some years there is no break between the 
fish of the fall migration and the fish of the same year class in  the 
previous season's spring-summer migration (e.g., 1937-38 to 1938-39 and 
1940-41 to 1941-42), while there is always a break between the fall 
migration and the following spring migration of fish of  the  same  year 
class. Also, it appears characteristic for a migration of a given age class 
to rise rather steadily and rapidly to a peak and  then  taper  off  for  a 
longer period. Normally, in the spring the migration of fish of the season 
rises steadily and rapidly to a peak and stretches out, with fluctuations, 
far into the summer, so that it appears correct to consider the secondary 
rise in numbers of fish of the same year class as the tail-end of the spring-
summer migration, rather than as the fluctuating beginning of the spring 
migration. 

Climatic factors not only affect the general starting time of the main 
migration,  but  also  create  breaks  in  the  pattern  once  it  has  gotten 

 

33 No record of rainfall at Waddell Creek is included in this publication. Such a record for a point at the dam 
would mean little, since the rainfall in different parts of the stream is greatly different, being 
approximately twice as heavy in the headwaters as at the mouth. 
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under way. However, a given factor does not have the same effect at all 
times of the year but can, on the contrary, have an opposite effect from 
one time to another. For example, during the normal period of heavy 
migration a rain stops or  markedly  slows  down  the  migration,  while  a 
rain during a period when there is normally very  little  migration 
accelerates it. This phenomenon is true also of other streams. For 
example, J. H. Wales (unpublished data) reports the following regarding 
the stream steelhead downstream migration during May, 1942, in the 
Grenada irrigation ditch of the Klamath River system, Siskiyou County, 
California: 

"Fairly good catches were made in  the  irrigation  ditch  [with  a  fyke 
net] just below the bar screen on those days when the steelhead finger- 
lings were migrating downstream. A cold rain storm caused an abrupt 
cessation of the run but with warm weather this migration was resumed." 
(Monthly report to the Division of Fish and Game for May, 1942.) 

As the spring migration as a whole is pushed backward or  forward 
within a season, so the age composition pattern within the migration is 
pushed backward or forward. The result of this is, of course, that the age 
composition of the fish migrating at any given time or brief period of 
time, such as a weekly or two-week period, in two seasons may be quite 
different. 

From an examination of Figures 11-19, it is also apparent that the 
strength of a given age class, i.e., its representation within a season both 
in absolute numbers and in proportion to the other age classes 
individually and as a whole, varies considerably from season to season. 
The result of this is, of course, that even when the growth rate and the 
water levels are the same in two seasons, so that the fish of a given age 
class start migrating at the same time and are of the same size when they 
migrate in the two seasons, their proportionate representation among all 
the fish migrating at any given point of time may be quite different, and 
so the age composition of the total migration at the same point of time 
will be different. 

An examination of Table 38 and Figure 28 reveals that there is, as a 
rule, a distinct increase in length of the fish of a given age class within a 
season  between  the  end  of  the  fall  migration  and  the  beginning  of  the 
spring migration. Since the fall migration is composed largely of fish of 
a single year class (age + fish, which become age 1 fish in the spring), in 
the tables and graph this is evident only for that age class, but from a 
careful analysis of scattered fish of older year classes in all seasons is 
also true for them. An examination of a large number of scales reveals 
that the great majority of the fish in the fall migration have nearly 
completed growth of the season or are  forming  an  annulus,  while  the 
great majority in the spring migration, even in the early part of the 
migration, have started growth of the new season. The increase in size within 
the age class therefore represents a growth made by that age  class  as  a 
whole, rather than a migration of the smaller fish of the age class in the fall, 
followed by a spring migration of the larger fish of the same age class. (The 
early start of the growing season at Waddell Creek,  fairly  evident  in  the 
tables and graph under discussion, has been discussed on pages 73, 157.) (It 
happens  that  the  fall  migration  of  1938-39,  shown  in  Figure  28,  was 
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the largest in numbers and extended farther into the winter in steady 
numbers than that of any other season and so from this standpoint is 
atypical.) 

It will also be seen from an examination of Table 38 and Figure 28 
that once a migration of a given age class begins, there is often, although 
not always, a decrease in the average size of the migrating fish of that 
age class. Quite obviously, individuals  do  not  become  smaller,  and  so 
this phenomenon must result because  the  larger  individuals  of  a  given 
age class migrate earlier than the smaller ones. The same phenomenon 
was encountered in the case of the silver salmon and discussed on pages 
87-88"; it is evident from that discussion that it could come about in any 
one of three ways. 

Since the later migrants are sometimes smaller  than  the  earlier 
migrants,  it  is  evident  that  the  law  of  "growth  for  age"  at  migration— 
that  the  quick  growers  migrate  first,  but  that  the  later  migrants  are 
always a little bigger when they go to sea than the quicker growers which 
migrated earlier—held by British investigators (e.g., Went, 1942) to be 
generally operative for the Atlantic salmon (Salmo salar),  is  not 
applicable to the Waddell Creek steelhead. It is still possible, however, 
that among the latter the earlier migrants are the quick growers. If this is 
true, it is possible either that they are quick growers because of inherent 
factors, or simply because they happen to be in the portions of the stream 
with conditions suitable for rapid growth. 

Rapid growth does not necessarily mean large size of fish; but, other 
things being approximately equal, size and rapid growth are associated. 
(Two cases in which rapid growth would not mean large size of fish may 
be given. Case 1. Of two fish hatched at the same time in different 
portions of the stream, one has an inherent rapid growth rate, while the 
other has a slow growth rate; the fish with the rapid growth rate, 
hatching in a portion of the stream with less favorable growing  con- 
ditions than the slow grower, makes less  absolute  growth  in  a  season 
than does the slow grower, and so at the end of the season is smaller than 
the slow grower. Case 2.  Two  fish,  one  with  an  inherent  rapid  growth 
rate and the other with an inherent slow growth rate, are hatched in the 
same section of stream, or in sections having equally favorable conditions; 
however, the rapid grower is hatched considerably later than the slow 
grower and again makes less absolute growth during the season than the 
slow grower. If the rapid grower happened to hatch both later in the season 
and in a portion of the stream with less favorable growing conditions, the 
result previously cited would be further accentuated.) 

(British investigators have concluded that Atlantic salmon making the 
best growth in their first year continue to make the best growth throughout 
life, and that the average length of juvenile Atlantic salmon (parr) which 
migrate to sea at a particular age is always greater than that of those of the 
same age which  remain for an  additional year, or years, in fresh  water. 
This has not been worked out in the case of the Waddell Creek steelhead.) 

The hypothetical picture of the downstream migration of silver salmon, 
as regards time of migration and size of fish, presented on pages 87-88, 
applies also to the steelhead, with different age classes  considered 
separately. 
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Characteristics of the Migration 

The extent of schooling at migration time has not been noted sufficiently 
to be recorded at this time. Young steelhead do school in streams  under 
certain conditions, individuals of the same size tending to group together. 
Yearling steelhead planted at one point in the San Lorenzo River on one day 
have been observed gathered in a school of over 1,000 individuals on the 
following day approximately one-half mile below the point of stocking. 

Quantitative observations were not made in regard to diurnal distribution 
of the migration. General observations indicate that some fish move down at 
all hours of the day and night, but that the bulk of the fish move downstream 
during the night or at least in the early morning or late evening. 

General color notes were taken for a number of the 1933-34 season 
migrants, during the period December through April. They indicate that 
on the fish of smaller size the parr marks are generally pronounced and 
that such fish are not "silvery," while the larger fish are silvery. There 
are various individual variations; some of the silvery fish are a "silvery 
blue," while others are silvery with a  pink  or  red  lateral  stripe.  Aside 
from noting the association of "silveriness" with size of fish, no attempt 
was made to correlate coloration with sex, sexual development, or other 
such characteristics of the fish. Both in 1933-34 and in subsequent 
seasons individuals with "rainbow" coloration, prominent parr marks and 
rich body and fin coloration, have been noted among the downstream 
migrants. Examination of such fish has usually revealed them to be 
sexually mature, and these fish are believed to be mainly the offspring of 
stream fish. 

 

Upstream Migration of Stream Fish 
Time and Size of the Migration 

During the nine seasons of operation of the trap,34 3,104 stream 
steelhead were checked on their upstream migration. The number taken 
during each weekly period in each season is shown in Table 47. 

The length of all of these fish from tip of snout to fork of caudal fin 
was recorded in mm., measurement being made to the next highest mm. 

Scale  samples  were  taken  from practically  all  of the  fish  during  the 
first six seasons of operation, i.e., 1933-34 through 1938-39. Scale 
samples were not taken during the  last three  seasons, 1939-40 through 
1941-42, largely because it was believed that further scale samples from 
these fish would not yield information commensurate with the effort 
expended. 

Of the 1,245 scale samples taken, 1,126 were mounted and read (131 
for  1933-34  read  only,  those  for  other  seasons  read  and  measured), 
including all  for  the  1933-34,  1934-35,  1935-36, and 1936-37  seasons, 
480 for the 1937-38 season, and a few scattered ones for other seasons. 

Table 47 is an over-all presentation of the upstream migration, with- 
out  distinction  as  to  age  or origin  of  the  fish  involved.  Even  without 

 

34 In 1933-34, the first season of operation, the trap was not put into operation until the week of December 3-9 
and was not operated from June 3d to the end of the season. 
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TABLE 47 
 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Seasons and 
Weekly Periods 

 

 
Period 

 19
33

 -
34

 

 19
34

 -
35

 

 19
35

 -
36

 

 19
36

 -
37

 

 19
37

 -
38

 

 19
38

 -
39

 

 19
39

 -
40

 

 19
40

 -
41

 

 19
41

 -
42

 

W
ee

kl
y 

to
ta

l 

W
ee

kl
y 

av
er

ag
e 

Oct. 1-7 
 

N
o 

R
ec

or
d 

-- -- -- -- -- -- -- 5 5 1 
Oct. 8-14 -- -- -- -- -- -- 1 6 7 1 
Oct. 15-21 -- -- -- 1 -- -- - 2 3 + 
Oct. 22-28 -- -- -- --  -- 3 1 4 1 
Oct. 29-Nov. 4 -- -- -- 1 22 -- 11 7 41 5 
Nov. 5-11 -- -- -- -- 8 4 5  17 2 
Nov. 12-18 4 -- 2 2 13 -- -- 3 24 3 
Nov. 19-25 - -- -- 2 17 -- -- 3 22 3 
Nov. 26-Dec. 2 -- -- -- 3 24 2 7 10 46 6 
Dec. 3-9 4 5 9 1 7 29 1 6 16 78 9 
Dec. 10-16 5 2 -- -- 150 17 2 3 40 219 24 
Dec. 17-23 15 1 -- 8 110 4 5 77 766 986 110 
Dec. 24-30 6 -- 33 2 129 5 4 68 75 322 36 
Dec. 31-Jan. 6 27 4 68 2 120 6 1 61 215 504 56 
Jan. 7-13 7 2 48 -- 14 15 -- 12 24 122 14 
Jan. 14-20 16 -- 38 2 10 1 17 4 50 138 15 
Jan. 21-27 4 4 8 1 15 4 7 8 2 53 6 
Jan. 28-Feb. 3 1 11 6 13 2 2 -- 3 14 52 6 
Feb. 4-10 10 1 -- 11 3 5 1 5 4 40 4 
Feb. 11-17 5 -- 4 4 2 1 1 10 4 31 3 
Feb. 18-24 -- 2 4 -- 1 -- 4 5 -- 16 2 
Feb. 25-Mar. 3 2 -- 1 2 -- -- -- 2 -- 7 1 
Mar. 4-10 1 1 -- -- 1 2 2 3 2 12 1 
Mar. 11-17 1 -- -- -- 1 -- 1 2 2 7 1 
Mar. 18-24 1 -- 1 -- -- -- -- 1 -- 3 + 
Mar. 25-31 -- -- -- -- -- -- -- 1 -- 1 + 
Apr. 1-7 1 -- -- 2 4 -- -- 1 2 10 1 
Apr. 8-14 -- -- -- 2 -- -- -- 1 1 4 + 
Apr. 15-21 1 -- -- 2 3 -- -- -- 1 7 1 
Apr. 22-28 1 -- -- 2 -- -- -- 10 -- 13 1 
Apr. 29-May 5 4 -- -- -- 1 -- -- 5 -- 10 1 
May 6-12 2 -- 1 -- -- -- -- 1 -- 4 1 
May 13-19 9 -- -- -- -- -- -- 3 2 14 2 
May 20-26 8 -- 1 1 1 -- -- 5 -- 16 2 
May 27-June 2 -- -- -- 1 5 8 -- 7 1 22 2 
June 3-9 

 
N

o 
R

ec
or

d 

-- -- -- -- 2 1 1 2 6 1 
June 10-16 -- -- -- -- 1 1 1 -- 3 + 
June 17-23 -- -- 5 2 3 2 7 -- 19 2 
June 24-30 -- 4 1 1 -- 1 6 2 15 2 
July l-7 -- -- 1 1 -- 5 1 -- 8 1 
July 8-14 -- -- 8 -- 1 -- 1 2 12 2 
July 15-21 -- -- 6 2 -- 6 3 -- 17 2 
July 22-28 -- 2 1 -- -- 24 46 -- 73 9 
July 29-Aug. 4 -- -- -- 4 - 6 25 2 37 5 
Aug. 5-11 -- -- 4 -- -- 6 3 -- 13 2 
Aug. 12-18 -- -- 2 -- -- 4 -- -- 6 1 
Aug. 19-25 -- -- -- -- -- 5 -- -- 5 1 
Aug. 26-Sept. 1 -- 1 4 1 -- 5 -- -- 11 1 
Sept. 2-8 -- -- -- 1 -- 1 3 2 7 1 
Sept. 9-15 -- -- -- 1 -- -- 2 -- 3 + 
Sept. 16-22 -- -- -- -- -- -- 5 -- 5 1 
Sept. 23-30 -- -- 1 -- -- -- -- 3 4 1 

Totals 131 37 229 91 601 190 119 435 1,271 3,104 *365 

* The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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FIGURE 31.    Waddell lagoon at full size, showing sand spit and ocean in background. 

Photograph by Paul R. Needham. 
 

a breakdown into age groups, it is apparent that this upstream migration is 
not a haphazard affair, but follows a definite pattern, with the peak of 
migration usually occurring close to the  beginning of the  calendar year, 
and a secondary, quite minor rise occurring near the end of July. As will be 
seen from the subsequent discussion, the latter migration is not comparable 
to the main, or winter, migration and is composed  of  fish younger  than 
those in the winter migration. 

There is tremendous fluctuation in the size of the upstream migration 
from  season  to  season  and  the  weekly  total  and  average  figures  for  all 
seasons are influenced by one season (1941-42). However, the pattern in 
other seasons is much the same as that in the 1941-42 season. 

Unlike the downstream migrations, the upstream migrations do not 
involve sampling, but represent the entire runs (with the possible exception 
of a few quite small fish—mostly fish of the season—that may have 
wanted to migrate upstream during the summer but were too small to make 
the ascent of the fishway). 

The upstream migration is composed of fish that had previously migrated 
downstream and spent some time in the lagoon (or the section of the stream 
below the dam) and fish that had hatched in the section of the stream below 
the dam. Like the downstream migrants, they are probably composed 
largely of offspring of sea-run fish but to a minor extent of offspring of 
stream fish. Most of the upstream migrants make a subsequent downstream 
migration in the same season (some after spawning). In 1933-34, for 
example, 72 of the 129 upstream fish were  recorded  downstream  in  the 
same season. Since some fish probably went downstream over the dam 
(unrecorded), it is quite likely that the number returning downstream was 
even higher. 

Probably following their second downstream migration most of the fish 
go to sea. That some of them go to sea is known from marking. 
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Age and Size of the Fish 
 

Since scales were not examined from all of the fish, the system of 
dividing lines (used for separating the age groups in the downstream 
migrants and discussed on pages 165-166) was used to supplement the 
segregation into age groups according to scale readings. As in the case of the 
downstream migrants, the dividing lines were drawn more or less arbitrarily 
by eye, but taking into consideration the pattern of the migration, including 
time, size of age classes, and size of fish in the age classes. Where numbers 
of fish were not sufficient to form conspicuous modal groups, the dividing 
lines used for the downstream migrants were used as a guide, with allowance 
made for the fact (as will be discussed later) that the upstream fish of a given 
age class are not quite of the same size as the downstream fish of the same 
age class at the same time. The dividing lines used are shown in Table 48. It 
is believed that over 95 percent of all the fish in the upstream migrations 
were assigned to the correct age classes. Length-frequency distributions of 
upstream stream fish in each season are shown in Tables A-28 to A-36 of the 
Appendix. 

From Tables 49-55 it is apparent that not only does the size of the entire 
migration  fluctuate  considerably  from  season  to  season,  but  also  that  the 
strength of a given age class, i.e., its representation within a season both in 
absolute numbers and in proportion to the other age classes individually and 
as a whole, varies considerably from season to season. 

 

Sex Ratio 
Data regarding the sex of upstream stream steelhead are not sufficient to 

warrant definite conclusions regarding the sex ratio. In the one season in 
which the upstream fish were killed and examined internally (1934-35), the 
run consisted of 14 males and 14 females. However, the run was small and 
the fish below average in size, so the sex ratio may not be representative of 
conditions in other seasons. In other seasons individual males and females 
were recognized in the case of fish with flowing sexual products, but were 
not sufficiently numerous to establish sex ratios. Secondary sexual characters 
are not sufficiently developed in most of the upstream stream steelhead to 
permit sex differentiation on the basis of external characters. 

 

Factors Influencing the Time of Migration and Size at Migration 
In all probability the great majority of the upstream stream steelhead 

have spent a summer in the lagoon. Possibly or probably a few have spent 
all or part of the time between the dam and the lagoon, and some may 
have migrated in and out of the lagoon with the tides (i.e., out to sea). In 
all probability, then, the size of the upstream migration will depend upon 
the physical  conditions  that have existed in the lagoon  during  the 
preceding summer, especially the size of the lagoon and the closing and 
opening dates of the bar at the mouth. The physical character of the lagoon 
and the opening and closing dates have fluctuated considerably during the 
course of the experiments. Undoubtedly the food supply in the lagoon is 
also influenced by these factors, and in turn influences the number of fish 
produced and their size. 
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TABLE 48 

 

 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, All 

Seasons Combined; Length-frequency Distribution by Two-week Periods 
 

 

 
Length in mm. 

 

 
Oct. 
1-14 

 

 
Oct. 
15- 
28 

 

 
Oct. 
29- 
Nov 
11 

 

 
Nov 
12- 
25 

 

 
Nov 
26- 

Dec. 
9 

 

 
Dec. 

10-23 

 

 
Dec. 
24- 
Jan. 

6 

 

 
Jan. 
7-20 

 

 
Jan. 
21- 
Feb. 

3 

 

 
Feb. 
4-17 

 

 
Feb. 
18- 

Mar. 
3 

 

 
Mar. 
4-17 

 

 
Mar. 
18- 
31 

 

 
Apr. 
1-14 

61-65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
70 -- -- -- -- -- 1 -- -- 1 -- -- -- -- -- 
75 -- -- -- -- -- 14 -- -- 1 -- -- -- -- -- 
80 -- -- 1 1 2 31 2 2 -- 2 -- -- -- -- 
85 -- -- -- -- 2 55 2 3 2 -- -- -- -- -- 
90 -- -- 2 1 2 63 4 -- -- 3 2 2 -- -- 
95 5 -- 1 -- 2 57 3 2 -- 1 1 -- -- -- 
100 1 -- 1 1 3 58 3 1 3 2 1 1 -- -- 
105 -- -- 2 3 6 51 11 1 2 2 2 -- -- 1 
110 -- -- 2 1 2 36 5 2 6 2 2 -- 1 2 
115 2 1 -- -- 5 36 5 1 2 2 1 -- -- -- 
120 -- -- 2 1 5 31 8 1 3 1 2 -- -- 
125 -- 1 1 1 2 29 5 7 5 1 1 2 -- 2 
130 -- -- 3 2 -- 25 16 1 6 2 -- 1 -- -- 
135 1 -- 2 2 2 18 10 5 2 1 -- 1 1 3 
140 -- -- 1 -- 1 23 9 6 3 1 1 -- -- 1 
145 -- 1 2 2 6 32 16 9 4 2 1 2 -- 2 
150 -- -- 4 2 3 29 26 5 5 --  -- -- -- 
155 -- -- 5 3 8 43 40 10 2 -- 1 -- -- -- 
160 -- -- 2 4 1 54 38 9 3 2 -- 1 1 -- 
165 -- -- 4 4 3 61 47 12 3 2 -- 1 -- -- 
170 -- 1 1 -- 3 57 59 13 1 2 -- -- -- 1 
175 1 -- 1 4 4 63 64 14 4 -- -- -- -- -- 
180 -- -- 1 4 9 50 53 17 3 2 -- 1 -- -- 
185 -- 1 1 4 9 60 60 8 2 -- -- -- -- -- 
190 2 -- 3 1 9 51 55 13 5 3 1 -- -- -- 
195 -- 1 -- -- 5 30 49 10 8 1 -- -- -- -- 
200 -- -- 3 1 4 25 34 16 6 4 -- 1 -- 2 
205 -- -- 4 -- 3 24 20 11 5 1 -- -- -- -- 
210 -- 1 3 1 3 8 22 9 1 2 -- -- -- -- 
215 -- -- 3 2 5 8 11 7 1 5 -- -- -- -- 
220 -- -- -- -- 6 16 16 10 1 1 -- -- -- -- 
225 -- -- 1 -- -- 8 28 18 1 2 3 -- -- -- 
230 -- -- -- -- 1 12 22 5 2 3 1 -- -- -- 
235 -- -- -- -- 3 10 14 5 2 2 1 -- -- -- 
240 -- -- -- -- -- 8 19 7 -- 2 1 1 -- -- 
245 -- -- -- -- 1 4 10 4 -- -- -- -- -- -- 
250 -- -- -- -- -- 2 13 2 1 --  -- -- -- 
255 -- -- -- -- 1 2 4 5 1 4 1 -- -- -- 
260 -- -- 1 -- -- 5 6 2 2 2 -- 1 -- -- 
265 -- -- -- -- -- 4 4 2 1 2 -- -- -- -- 
270 -- -- -- -- -- 4 3 -- 3 -- -- -- -- -- 
275 -- -- -- -- -- 2 1 -- -- -- -- -- -- -- 
280 -- -- -- 1 2 1 1 1 -- -- -- -- -- -- 
285 -- -- 1 -- -- 3 3 -- -- 2 -- -- 1 -- 
290 -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- 
295 -- -- -- -- -- 1 1 1 -- 1 -- -- -- -- 
300 -- -- -- -- -- -- 1 --  

1 
2 -- -- -- -- 

-- -- -- -- -- -- 1 1 -- -- -- -- -- 
-- -- -- -- 1 -- 2 2 -- 3 -- 2 -- -- 

 
Totals 

 
12 

 
7 

 
58 

 
46 

 
124 

 
1,205 

 
826 

 
260 

 
105 

 
71 

 
23 

 
19 

 
4 

 
14 

* Recorded only as 31 cm. 
† 4 at 33 cm.; 4 at 35 cm.; 2 at 39 cm.; 1 at 40 cm.; 1 at 44 cm 
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TABLE 48— Continued 

 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, All Seasons Combined; Length- 

frequency Distribution by Two-week Periods 
 

Length 
in mm. 

 
Apr. 
15- 
28 

 
Apr. 
29- 
May 
12 

 
May 
13- 
26 

 
May 
27- 

June 
9 

 
June 
10- 
23 

 
June 
24- 

July 7 

 
July 
8- 
21 

 
July 
22- 

Aug. 
4 

 
Aug. 

5- 
18 

 
Aug. 
19- 

Sept. 
1 

 
Sept. 

2- 
15 

 
Sept. 
16- 
30 

 
To
- 
tal
s 

61-65 -- -- -- -- -- -- 1 -- -- -- -- -- 1 
70 -- -- -- -- -- 1 -- 1 
75 1 -- -- -- -- 1 -- 3 

AGE + 1 5 
-- 20 

80 -- -- -- 1 -- 1 1 4 -- -- -- 3 51 
85 -- 
90 -- 

AGE 1 -- 1 3 3 -- -- 1 -- 72 
-- 2 1 1 -- -- 3 1 87 

95 -- -- 1 2 -- -- 3 3 -- -- 1 -- 82 
100 2 1 2 -- -- 1 2 -- -- -- -- -- 83 
105 -- 1 1 4 3 1 -- 1 -- -- -- 1 93 
110 4 -- 1 2 -- -- 1 1 1 -- 1 -- 72 
115 3 2 2 3 3 1 -- 3 -- 1 1 -- 74 
120 -- 1 2 2 -- 2 -- -- -- 1 -- -- 62 
125 -- 1 3 1 5 1 2 -- 1 -- -- 1 72 
130 -- -- 4 1 2 -- -- 3 2 1 -- -- 69 
135 1 -- 4 2 2 1 2 2 1 2 -- -- 65 
140 -- 1 1 2 1 1 1 9 -- -- -- -- 55 
145 1 1 1 -- 1 2 2 11 -- 1 -- 1 100 
150 -- 1 2 -- -- 1 -- 11 2 1 -- -- 92 
155 1 -- -- -- 1 1 1 12 -- 1 -- -- 129 
160 -- -- -- 1 -- -- 1 23 1 2 -- -- 143 
165 1 -- -- -- -- 1 1 12 3 -- 2 -- 157 
170 1 -- -- 2 -- 1 1 9 2 -- 1 -- 155 
175 1 -- 1 -- -- -- 2 1 1 1 -- 1 163 
180 -- -- 1 -- -- -- 1 -- 2 2 -- -- 146 
185 -- -- -- -- -- -- 2 1 -- 1 -- -- 149 
190 -- 
195 -- 

AGE 2 -- -- -- 1 2 -- -- -- 146 
3 1 -- -- 1 1 -- -- 110 

200 -- -- -- -- -- -- -- -- -- 1 -- -- 97 
205 -- -- -- -- -- -- -- -- -- -- -- -- 68 
210 -- -- -- 1 -- -- -- -- -- -- -- -- 51 
215 1 -- -- -- -- -- -- 1 -- -- -- -- 44 
220 -- -- -- -- -- --- -- 1 -- -- -- -- 51 
225 -- -- 1 -- -- -- -- -- -- -- -- -- 62 
230 -- -- 1 1 -- -- -- -- -- -- -- -- 48 
235 -- -- 1 -- -- 1 -- -- -- -- -- -- 39 
240 2 -- -- -- -- -- -- -- -- -- -- -- 40 
245 -- -- -- -- -- -- -- -- -- -- -- -- 19 
250 -- 
255 -- 

AGE 3 -- -- -- -- -- -- -- -- 18 
-- -- --- -- -- -- -- -- 18 

260 -- -- -- -- -- 1 -- -- -- -- -- -- - 
265 -- -- -- -- -- -- -- -- -- -- -- -- 13 
270 1 -- -- 1 -- -- -- -- -- -- -- -- 12 
275 -- -- -- -- -- -- -- -- -- -- -- -- 3 
280 -- 1 -- -- 1 -- -- -- -- -- -- -- 8 
285 -- 1 -- -- -- -- -- -- -- -- -- -- 11 
290 -- -- -- -- -- -- 1 -- -- -- -- -- 3 
295 -- 1 -- -- -- -- -- -- 
300 -- -- 1 -- -- -- -- -- 

AGE 4 -- 5 
-- 4 

-- 2 -- -- -- -- -- -- -- -- -- -- *5 
-- -- -- 2 -- -- -- -- -- -- -- -- †12 

Totals 20 14 30 28 22 23 29 110 19 16 10 9 3,104 

. 
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TABLE 49 

 

Waddell Creek, Steelhead: Age + Stream Fish Checked Through Upstream Trap, by Weekly 
Periods 

 

 
Period 

 19
33

-3
4 

 19
34

-3
5 

 19
35

-3
6 

 19
36

-3
7 

 19
37

-3
8 

 19
38

-3
9 

 19
39

-4
0 

 19
40

-4
1 

 19
41

-4
2 

W
ee

kl
y 

to
ta

l 

W
ee

kl
y 

av
er

ag
e 

Oct. l-7 

 
N

o 
R

ec
or

d 

-- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- -- -- -- -- 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 -- -- -- -- -- -- -- -- -- -- 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- -- -- -- -- 
Dec. 3-9 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 10-16 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 17-23 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 24-30 -- -- -- -- -- -- -- -- -- -- -- 
Dec. 31-Jan. 6 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 7-13 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 14-20 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 21-27 -- -- -- -- -- -- -- -- -- -- -- 
Jan. 28-Feb. 3 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 4-10 -- -- -- -- -- -- -- -- -- -- -- 
Feb. ll-17 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 25-Mar. 3 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 4-10 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 11-17 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 25-31 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 1-7 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 8-14 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 15-21 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 22-28 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 29-May 5 -- -- -- -- -- -- -- -- -- -- -- 
May 6-12 -- -- -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- -- -- -- -- -- -- -- -- -- 
May 20-26 -- -- -- -- -- -- -- -- -- -- -- 
May 27-June 2 -- -- -- -- -- -- -- -- -- -- -- 
June 3-9 

 
N

o 
R

ec
or

d 

-- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- 1 2 3 + 
July l-7 -- - -- -- -- 3 -- -- 3 + 
July 8-14 -- -- -- -- -- -- -- 2 2 + 
July 15-21 -- -- 2 1 -- 4 1 -- 8 1 
July 22-28 -- -- 1 -- -- 9 -- -- 10 1 
July 29-Aug. 4 -- -- -- 1 -- 4 1 -- 6 1 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- 3 1 4 1 
Sept. 9-15 -- -- -- 1 -- -- 1  2 + 
Sept, 16-22 -- -- -- -- -- -- 5  5 1 
Sept. 23-30 -- -- 1 -- -- -- -- -- 1 + 

Totals 0 0 0 4 3 0 20 12 5 44 *5 

The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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TABLE 50 

Waddell Creek, Steelhead: Age 1 Stream Fish Checked Through Upstream Trap, by Weekly Periods 

 

 

 

 
Period 

 19
33

 -
34

 

 19
34

 -
35

 

 19
35

 -
36

 

 19
36

 -
37

 

 19
37

 -
38

 

 19
38

 -
39

 

 19
39

 -
40

 

 19
40

 -
40

 

 19
41

 -
42

 

W
ee

kl
y 

to
ta

l 

W
ee

kl
y 

av
er

ag
e 

Oct. 1-7 
 

N
o 

R
ec

or
d 

-- -- -- -- -- -- -- 4 4 1 
Oct. 8-14 -- -- -- -- -- -- 1 3 4 1 
Oct. 15-21 -- -- -- -- -- -- -- 1 1 + 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- 5 -- -- 2 7 1 
Nov. 5-ll -- -- -- -- 1 2 -- -- 3 + 
Nov. 12-18 1 -- -- -- -- -- -- 3 4 1 
Nov. 19-25 -- -- -- 2 -- -- -- 1 3 + 
Nov. 26-Dec. 2 -- -- -- -- 5 1 -- 5 11 1 
Dec. 3-9 -- 1 7 -- -- 3 1 1 3 16 2 
Dec. 10-16 -- -- -- -- 7 1 -- -- 17 25 3 
Dec. 17-23 -- -- -- -- 7 1 1 2 446 457 51 
Dec. 24-30 -- -- 1 -- -- -- -- 9 12 22 3 
Dec. 31-Jan. 6 -- -- 1 -- 4 -- -- 4 8 17 2 
Jan. 7-13 1 -- 4 -- -- -- -- 1 2 8 1 
Jan. 14-20 -- -- 7 -- 1 -- -- -- 1 9 1 
Jan. 21-27 -- -- 3 -- -- -- -- 3 1 7 1 
Jan. 28-Feb. 3 -- 1 2 -- -- -- -- -- 11 14 2 
Feb. 4-10 3 -- -- -- -- -- 1 -- 2 6 1 
Feb. ll-17 -- -- 1 -- -- -- -- 4 3 8 1 
Feb. 18-24 -- 1 -- -- -- -- 2 1 -- 4 + 
Feb. 25-Mar. 3 1 -- 1 1 -- -- -- 2 -- 5 1 
Mar. 4-10 -- -- -- -- -- -- -- 1 2 3 + 
Mar. 11-17 -- -- -- -- -- -- -- 1 1 2 + 
Mar. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 25-31 -- -- -- -- -- -- -- 1 -- 1 + 
Apr. l-7 -- -- -- -- 2 -- -- 1 2 5 1 
Apr. 8-14 -- -- -- -- -- -- -- -- 1 1 + 
Apr. 15-21 -- -- -- 1 -- -- -- -- 1 2 + 
Apr. 22-28 -- -- -- 1 -- -- -- 7 -- 8 1 
Apr. 29-May 5 1 -- -- -- 1 -- -- 4 -- 6 1 
May 6-12 1 -- -- -- -- -- -- 1 -- 2 + 
May 13-19 8 -- -- -- -- -- -- 3 1 12 1 
May 20-26 6 -- 1 1 -- -- -- 3 -- 11 1 
May 27-June 2 -- -- -- -- 3 7 -- 6 1 17 2 
June 3-9 

 
N

o 
R

ec
or

d 

-- -- -- -- 2 -- 1 1 4 + 
June 10-16 -- -- -- -- 1 1 -- -- 2 + 
June 17-23 -- -- 4 2 3 -- 7 -- 16 2 
June 24-30 -- 3 1 1 -- 1 4 -- 10 1 
July l-7 - -- 1 1 -- 2 -- -- 4 + 
July 8-14 -- -- 8 -- 1 -- 1 -- 10 1 
July 15-21 -- -- 3 1 -- 2 2 -- 8 1 
July 22-28 -- 2 -- -- -- 14 46 -- 62 7 
July 29-Aug. 4 -- -- -- 2 -- 2 24 2 30 3 
Aug. 5-11 -- -- 4 -- -- 6 3 -- 13 1 
Aug. 12-18 -- -- 2 -- -- 4 -- -- 6 1 
Aug. 19-25 -- -- 2 -- -- 5 -- -- 5 1 
Aug. 26-Sept. 1 -- 1 4 1 -- 5 -- -- 11 1 
Sept. 2-8 -- -- -- 1 -- 1 -- 1 3 + 
Sept. 9-15 -- -- -- -- -- -- 1 -- 1 + 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- 3 3 + 

Totals 21 4 34 31 36 30 51 145 541 893 *105 

* The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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TABLE 51 

Waddell Creek, Steelhead: Age 2 Stream Fish Checked Through Upstream Trap, by Weekly Periods 
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-- -- -- -- -- -- -- 1 1 + 
Oct. 8-14 -- -- -- -- -- -- -- 3 3 + 
Oct. 15-21 -- -- -- 1 -- -- -- 1 2 + 
Oct. 22-28 -- -- -- -- -- -- -- 1 1 + 
Oct. 29-Nov. 4 -- -- -- 1 17 -- 4 5 27 3 
Nov. 5-11 -- -- -- -- 7 2 2 -- 11 1 
Nov. 12-18 2 -- 2 1 13 -- -- -- 18 2 
Nov. 19-25 -- -- -- -- 17 -- -- 2 19 2 
Nov. 26-Dec. 2 --  -- 3 19 1 5 3 31 4 
Dec. 3-9 -- 3 2 1 7 21 -- 1 9 44 5 
Dec. 10-16 -- 2 -- -- 134 15 2 -- 22 175 19 
Dec. 17-23 1 1 -- 7 101 2 4 8 315 439 49 
Dec. 24-30 2 -- 5 2 125 5 3 20 61 223 25 
Dec. 31-Jan. 6 -- 1 1 1 112 2 -- 29 203 349 39 
Jan. 7-13 2 -- 3 -- 13 13 -- 3 22 56 6 
Jan. 14-20 9 -- 13 2 5 1 16 1 48 95 11 
Jan. 21-27 3 4 4 1 14 4 6 2 1 39 4 
Jan. 28-Feb. 3 1 7 2 9 2 -- -- 1 3 25 3 
Feb. 4-10 2 -- -- 7 3 2 -- 1 2 17 2 
Feb. ll-17 1 -- -- 3 2 1 1 4 1 13 1 
Feb. 18-24 -- -- -- -- -- -- 2 3 -- 5 1 
Feb. 25-Mar. 3 1 -- -- -- -- -- -- -- -- 1 + 
Mar. 4-10 1 -- -- -- 1 1 2 1 -- 6 1 
Mar. ll-17 1 -- -- -- 1 -- 1 -- 1 4 + 
Mar. 18-24 -- -- 1 -- -- -- -- 1 -- 2 + 
Mar. 25-31 -- -- -- -- -- -- -- -- -- -- -- 
Apr. l-7 1 -- -- 2 2 -- -- -- -- 5 1 
Apr. 8-14 -- -- -- 2 -- -- -- 1 -- 3 + 
Apr. 15-21 1 -- -- 1 -- -- -- -- -- 2 + 
Apr. 22-28 1 -- -- 1 -- -- -- 2 -- 4 + 
Apr. 29-May 5 -- -- -- -- -- -- -- 1 -- 1 + 
May 6-12 -- -- -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- -- -- -- -- -- -- -- -- -- 
May 20-26 2 -- -- - 1 -- -- 2 -- 5 1 
May 27-June 2 -- -- -- -- 2 1 -- 1 -- 4 + 
June 3-9 
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-- -- -- -- -- -- -- -- -- -- 
June 10-16 -- -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- 1 -- -- 2 -- -- 3 + 
June 24-30 -- 1 -- -- -- -- -- -- 1 + 
July l-7 -- -- -- -- -- -- 1 -- 1 + 
July 8-14 -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- 1 -- -- 1 + 
July 29- Aug. 4 -- -- -- 1 -- -- -- -- 1 + 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- 
Totals 29 20 32 42 532 141 43 94 70 1,637 *193 

* The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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TABLE 52 

Waddell Creek, Steelhead: Age 3 Stream Fish Checked Through Upstream Trap, by Weekly Periods 
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-- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- 3 -- 3 + 
Oct. 29-Nov. 4 -- -- -- -- -- -- 6 -- 6 1 
Nov. 5-11 -- -- -- -- -- -- 3 -- 3 + 
Nov. 12-18 -- -- -- 1 -- -- -- -- 1 + 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- 2 1 3 + 
Dec. 3-9 4 1 -- -- -- 3 -- 4 4 16 2 
Dec. 10-16 5 -- -- -- 8 1 -- 3 1 18 2 
Dec. 17-23 14 -- -- 1 2 1 -- 63 5 86 10 
Dec. 24-30 4 -- 26 -- 4 -- 1 34 2 71 8 
Dec. 31-Jan. 6 27 1 63 -- 4 4 1 28 3 131 15 
Jan. 7-13 4 -- 37 -- 1 2 -- 7 -- 51 6 
Jan. 14-20 7 -- 17 -- 1 -- 1 3 1 30 3 
Jan. 21-27 1 -- 1 -- 1 -- 1 2 -- 6 1 
Jan. 28-Feb. 3 -- 3 1 4 -- 1 -- 2 -- 11 1 
Feb. 4-10 4 1 -- 2 -- 2 -- 4 -- 13 1 
Feb. 11-17 4 -- 3 -- -- -- -- 1 -- 8 1 
Feb. 18-24 -- 1 4 -- 1 -- -- 1 -- 7 1 
Feb. 25-Mar. 3 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 4-10 -- -- -- -- -- -- -- 1 -- 1 + 
Mar. 11-17 -- -- -- -- -- -- -- 1 -- 1 + 
Mar. 18-24 1 -- -- -- -- -- -- -- -- 1 + 
Mar. 25-31 -- -- -- -- -- -- -- -- -- -- -- 
Apr. l-7 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 8-14 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 15-21 -- -- -- -- 3 -- -- -- -- 3 + 
Apr. 22-28 -- -- -- -- -- -- -- 1 -- 1 + 
Apr. 29-May 5 2 -- -- -- -- -- -- -- -- 2 + 
May 6-12 1 -- -- -- -- -- -- -- -- 1 + 
May 13-19 1 -- -- -- -- -- -- -- 1 2 + 
May 20-26 -- -- -- -- -- -- -- -- -- -- -- 
May 27- June 2 -- -- -- -- -- -- -- -- -- -- -- 
June 3-9 
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-- -- -- -- -- -- -- 1 1 + 
June 10-16 -- -- -- -- -- -- -- -- -- -- 
June 17-23 -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- 1 -- 1 + 
July 1-7 -- -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- -- -- -- -- -- -- -- -- 
July 22-28 -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- 
Aug. 5-ll -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- 

Totals 79 7 152 7 26 14 4 170 19 478 *56 

* The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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TABLE 53 

Waddell Creek, Steelhead: Age 4 Stream Fish Checked Through Upstream Trap, by Weekly Periods 
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-- 

-- -- -- -- -- -- -- -- -- -- 
Oct. 8-14 -- -- -- -- -- -- -- -- -- -- 
Oct. 15-21 -- -- -- -- -- -- -- -- -- -- 
Oct. 22-28 -- -- -- -- -- -- -- -- -- -- 
Oct. 29-Nov. 4 -- -- -- -- -- -- 1 -- 1 + 
Nov. 5-11 -- -- -- -- -- -- -- -- -- -- 
Nov. 12-18 1 -- -- -- -- -- -- -- 1 + 
Nov. 19-25 -- -- -- -- -- -- -- -- -- -- 
Nov. 26-Dec. 2 -- -- -- -- -- -- -- 1 1 + 
Dec. 3-9 -- -- -- -- 2 -- -- -- 2 + 
Dec. 10-16 -- -- -- -- 1 -- -- -- -- 1 + 
Dec. 17-23 -- -- -- -- -- -- -- 4 -- 4 + 
Dec. 24-30 -- -- 1 -- -- -- -- 5 -- 6 1 
Dec. 31-Jan. 6 -- 2 3 1 -- -- -- -- 1 7 1 
Jan. 7-13 -- 2 4 -- -- -- -- 1 -- 7 1 
Jan. 14-20 -- -- 1 -- 3 -- -- -- -- 4 + 
Jan. 21-27 -- -- -- -- -- -- -- 1 -- 1 + 
Jan. 28-Feb. 3 -- -- 1 -- -- 1 -- -- -- 2 + 
Feb. 4-10 1 -- -- 2 -- 1 -- -- -- 4 + 
Feb. 11-17 -- -- -- 1 -- -- -- 1 -- 2 + 
Feb. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Feb. 25-Mar. 3 -- -- -- 1 -- -- -- -- -- 1 + 
Mar. 4-10 -- 1 -- -- -- 1 -- -- -- 2 + 
Mar. 11-17 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 18-24 -- -- -- -- -- -- -- -- -- -- -- 
Mar. 25-31 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 1-7 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 8-14 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 15-21 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 22-28 -- -- -- -- -- -- -- -- -- -- -- 
Apr. 29-May 5 1 -- -- -- -- -- -- -- -- 1 + 
May 6-12 -- -- -- -- -- -- -- -- -- -- -- 
May 13-19 -- -- -- -- -- -- -- -- -- -- -- 
May 20-26 -- -- -- -- -- -- -- -- -- -- -- 
May 27-June 2 -- -- -- 1 -- -- -- -- -- 1 + 
June 3-9 
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-- -- -- -- -- 1 -- -- 1 + 
June 10-16 -- -- -- -- -- -- 1 -- 1 + 
June 17-23 -- -- -- -- -- -- -- -- -- -- 
June 24-30 -- -- -- -- -- -- -- -- -- -- 
July 1-7 -- -- -- -- -- -- -- -- -- -- 
July 8-14 -- -- -- -- -- -- -- -- -- -- 
July 15-21 -- -- 1 -- -- -- -- -- 1 + 
July 22-28 -- -- -- -- -- -- -- -- -- -- 
July 29-Aug. 4 -- -- -- -- -- -- -- -- -- -- 
Aug. 5-11 -- -- -- -- -- -- -- -- -- -- 
Aug. 12-18 -- -- -- -- -- -- -- -- -- -- 
Aug. 19-25 -- -- -- -- -- -- -- -- -- -- 
Aug. 26-Sept. 1 -- -- -- -- -- -- -- -- -- -- 
Sept. 2-8 -- -- -- -- -- -- -- -- -- -- 
Sept. 9-15 -- -- -- -- -- -- -- -- -- -- 
Sept. 16-22 -- -- -- -- -- -- -- -- -- -- 
Sept. 23-30 -- -- -- -- -- -- -- -- -- -- 

Totals 2 6 10 7 4 5 1 14 2 51 *6 

* The average seasonal total is based on 8.5 years, since 1933-34 was only a half year. 
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Characteristics of the Migration 
 

At least in some seasons, many of the upstream stream steelhead are 
sexually mature. For example, many ripe fish were encountered during the 
1940-41 season. Others, however, probably do not spawn in the season in 
which they migrate upstream, and the reason for their migration is not 
known. 

Sea Life 
As in the case of the silver salmon, the extremely rapid growth made in 

the sea, as compared with that made in fresh water, is well known and has 
been directly observed in the case of Waddell Creek by measurements of 
juveniles descending to the sea and of fish of the same age classes returning 
to spawn in the following and in subsequent seasons. Since the seaward 
migration consists of several age classes, and since the periods covered both 
by the seaward and spawning migrations are spread over a number of 
months, it is not possible to present an accurate picture of the growth made, 
as was done for the silver salmon. 

Practically nothing is known regarding the movements of steelhead in the 
sea. For unknown reasons, very few are caught at sea by commercial salmon 
trollers. Snyder (1921a) described 16 such fish caught off the coast near Fort 
Bragg, California, and brought into the harbor in the nearby Noyo Estuary 
from July 23 to August 25, 1920. These steelhead measured 19 to 29 inches, 
and weighed 2¾ to 9¾ pounds. 

No Waddell Creek steelhead have been reported caught at sea, either by 
commercial fishermen or sports anglers. One steelhead tagged at the Scott 
Creek Egg Collecting Station on March 19, 1934 (male, 57 cm., Tag No. 
88463) was caught off Santa Cruz during early March,  1935,  by  a 
commercial fisherman. However, considerable numbers of steelhead, along 
with silver salmon, are taken by sports anglers in Monterey Bay off the coast 
of Santa Cruz County, especially between Watsonville Beach  and  Santa 
Cruz. The usual size of such fish, caught mostly in October and November, 
just prior to the opening of the mouths of the spawning streams, is 15 to 19 
inches. Most of them are caught from piers or from boats operating within 
half-a-mile of shore. Five steelhead marked in the San Lorenzo River and 
two marked in Scott Creek are known to have been caught in this fishery. 
Also, marked fish from Scott Creek have been checked upstream at Waddell 
Creek and marked fish from Waddell Creek at Scott Creek. It is evident from 
these records that all steelhead do not simply remain near the mouth of the 
stream from which they migrated. The greatest minimum distance that any of 
the fish in the above records had traveled is approximately 19 miles (Scott 
Creek to Capitola Pier), but some steelhead almost certainly travel 
considerably greater distances. To what extent fish as adults return to the 
stream from which they migrated or stray to other streams will be discussed 
in the following section of this paper. 

As was noted in the comparable section on silver salmon, along the 
California coast the continental shelf extends approximately 100 miles from 
the shoreline, and there is some evidence to indicate that all of the 
anadromous salmonids remain within its limits. 

Probably the young steelhead, on first migrating to the ocean, remain 
fairly   close   to   the   shoreline.   How   soon   and   to   what   extent   they 
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TABLE 54 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Age Groups, All Seasons Combined 

 

 

 
Weekly 
period 

 

 
Number of age + 
migrants 

 
Percentage of 
age group 
(during season) 

 
Percentage of 
all age groups 
(during season) 

 
Number of 
age 1 
migrants 

 
Percentage of 
age group 
(during season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 2 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during season) 

Oct. 1-7 ---- ---- ---- 4 + 0.1 1 + + 
Oct. 8-14 ---- ---- ---- 4 + 0.1 3 + 0.1 
Oct. 15-21 ---- ---- ---- 1 + + 2 + 0.1 
Oct. 22-28 ---- ---- ---- ---- ---- ---- 1 + + 
Oct. 29-Nov. 4 ---- ---- ---- 7 1 0.2 27 2 0.9 
Nov. 5-ll ---- ---- ---- 3 + 0.1 11 1 0.4 
Nov. 12-18 ---- ---- ---- 4 + 0.1 18 1 0.6 
Nov. 19-25 ---- ---- ---- 3 + 0.1 19 1 0.6 
Nov. 26-Dec. 2 ---- ---- ---- 11 1 0.4 31 2 1.0 
Dec. 3-9 ---- ---- ---- 16 2 0.5 44 3 1.4 
Dec. 10-16 ---- ---- ---- 25 3 0.8 175 11 5.6 
Dec. 17-23 ---- ---- ---- 457 51 14.7 439 27 14.2 
Dec. 24-30 ---- ---- ---- 22 2 0.7 223 14 7.2 
Dec. 31-Jan. 6 ---- ---- ---- 17 2 0.5 349 21 11.3 
Jan. 7-13 ---- ---- ---- 8 1 0.3 56 3 1.8 
Jan. 14-20 ---- ---- ---- 9 1 0.3 95 6 3.3 
Jan. 21-27 ---- ---- ---- 7 1 0.2 39 2 1.3 
Jan. 28-Feb. 3 ---- ---- ---- 14 2 0.5 25 2 0.8 
Feb. 4-10 ---- ---- ---- 6 1 0.2 17 1 0.5 
Feb. 11-17 ---- ---- ---- 8 1 0.3 13 1 0.4 
Feb. 18-24 ---- ---- ---- 4 + 0.1 5 + 0.2 
Feb. 25-Mar. 3 ---- ---- ---- 5 1 0.2 1 + + 
Mar. 4-10 ---- ---- ---- 3 + 0.1 6 + 0.2 
Mar. 11-17 ---- ---- ---- 2 + 0.1 4 + 0.1 
Mar. 18-24 ---- ---- ---- ---- ---- ---- 2 + 0.1 
Mar. 25-31 ---- ---- ---- 1 + + ---- ---- ---- 
Apr. l-7 ---- ---- ---- 5 1 0.2 5 + 0.2 
Apr. 8-14 ---- ---- ---- 1 + + 3 + 0.1 
Apr. 15-21 ---- ---- ---- 2 + 0.1 2 + 0.1 
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TABLE 54 - continued 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Age Groups, All Seasons Combined 

 

 

 
Weekly 
period 

 

 
Number of age + 
migrants 

 
Percentage of 
age group 
(during season) 

 
Percentage of 
all age groups 
(during season) 

 
Number of 
age 1 
migrants 

 
Percentage of 
age group 
(during season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 2 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during season) 

Apr. 22-28 ---- ---- ---- 8 1 0.3 4 + 0.1 
Apr. 29-May 5 ---- ---- ---- 6 1 0.2 1 + + 
May 6-12 ---- ---- ---- 2 + 0.1 ---- ---- ---- 
May 13-19 ---- ---- ---- 12 1 0.4 ---- ---- ---- 
May 20-26 ---- ---- ---- 11 1 0.4 5 + 0.2 
May 27-June 2 ---- ---- ---- 17 2 0.5 4 + 0.1 
June 3-9 ---- ---- ---- 4 + 0.1 ---- ---- ---- 
June 10-16 ---- ---- ---- 2 + 0.1 ---- ---- ---- 
June 17-23 ---- ---- ---- 16 2 0.5 3 + 0.1 
June 24-30 3 7 0.1 10 1 0.3 1 + + 
July 1-7 3 7 0.1 4 + 0.1 1 + + 
July 8-14 2 5 0.1 10 1 0.3 ---- ---- ---- 
July 15-21 8 18 0.3 8 1 0.3 ---- ---- ---- 
July 22-28 10 23 0.3 62 7 2.0 1 + + 
July 29- Aug. 4 6 14 0.2 30 3 1.0 1 + + 
Aug. 5-11 ---- ---- ---- 13 1 0.4 ---- ---- ---- 
Aug. 12-18 ---- ---- ---- 6 1 0.2 ---- ---- ---- 
Aug. 19-25 ---- ---- ---- 5 1 0.2 ---- ---- ---- 
Aug. 26-Sept. 1 ---- ---- ---- 11 1 0.4 ---- ---- ---- 
Sept. 2-8 4 9 0.1 3 + 0.1 ---- ---- ---- 
Sept. 9-15 2 5 0.1 1 + + ---- ---- ---- 
Sept. 16-22 5 11 0.2 ---- ---- ---- ---- ---- ---- 
Sept, 23-30 1 2 + 3 + 0.1 ---- ---- ---- 
Totals 44 ---- 1.4 893 ---- 28.8 1.637 ---- 52.7 
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TABLE 54 - continued 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Age Groups, All Seasons Combined 

 

 
Weekly 
period 

 
Number of 
age 3 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 4 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 5 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of all 
migrants 

 
Percentage of 
total 
migration all 
seasons 

Oct. 1-7 ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 0.2 
Oct. 8-14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 7 0.2 
Oct. 15-21 ---- ---- ---- ---- ---- ---- ----- ---- ---- 3 0.1 
Oct. 22-28 3 1 0.1   ---- ---- ---- ---- 4 0.1 
Oct. 29-Nov. 4 6 1 0.2 1 2 + ---- ---- ---- 41 1.3 
Nov. 5-ll 3 1 0.1 ---- ---- ---- ---- ---- ---- 17 0.5 
Nov. 12-18 1 + + 1 2 + ---- ---- ---- 24 0.8 
Nov. 19-25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 22 0.7 
Nov. 26-Dec. 2 3 1 0.1 1 2 + ---- ---- ---- 46 1.5 
Dec. 3-9 16 3 0.5 2 4 0.1 ---- ---- ---- 78 2.5 
Dec. 10-16 18 4 0.6 1 2 + ---- ---- ---- 219 7.1 
Dec. 17-23 86 18 2.8 4 8 0.1 ---- ---- ---- 986 31.8 
Dec. 24-30 71 15 2.3 6 12 0.2 ---- ---- ---- 322 10.4 
Dec. 31-Jan. 6 131 27 4.2 7 14 0.2 ---- ---- ---- 504 16.2 
Jan. 7-13 51 11 1.6 7 14 0.2 ---- ---- ---- 122 3.9 
Jan. 14-20 30 6 1.0 4 8 0.1 ---- ---- ---- 138 4.4 
Jan. 21-27 6 1 0.2 1 2 + ---- ---- ---- 53 1.7 
Jan. 28-Feb. 3 11 2 0.4 2 4 0.1 ---- ---- ---- 52 1.7 
Feb. 4-10 13 3 0.4 4 8 0.1 ---- ---- ---- 40 1.3 
Feb. 11-17 8 2 0.3 2 4 0.1 ---- ---- ---- 31 1.0 
Feb. 18-24 7 1 0.2 ---- ---- ---- ---- ---- ---- 16 0.5 
Feb. 25-Mar. 3 ---- ---- ---- 1 2 + ---- ---- ---- 7 0.2 
Mar. 4-10 1 + + 2 4 0.1 ---- ---- ---- 12 0.4 
Mar. 11-17 1 + + ---- ---- ---- ---- ---- ---- 7 0.2 
Mar. 18-24 1 + + ---- ---- ---- ---- ---- ---- 3 0.1 
Mar. 25-31 ---- ---- ---- ---- ---- ---- ---- ---- ---- 1 + 
Apr. l-7 ---- ---- ---- ---- ---- ---- ---- ---- ---- 10 0.3 
Apr. 8-14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 4 0.1 
Apr. 15-21 3 1 0.1 ---- ---- ---- ---- ---- ---- 7 0.2 
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TABLE 54 - continued 
Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Age Groups, All Seasons Combined 

 

 
Weekly 
period 

 
Number of 
age 3 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 4 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of 
age 5 
migrants 

 
Percentage of 
age group 
(during 
season) 

 
Percentage of 
all age groups 
(during 
season) 

 
Number of all 
migrants 

 
Percentage of 
total 
migration all 
seasons 

Apr. 22-28 1 + + ---- ---- ---- ---- ---- ---- 13 0.4 
Apr. 29-May 5 2 + 0.1 1 2 + ---- ---- ---- 10 0.3 
May 6-12 1 + + ---- ---- ---- 1 100 + 4 0.1 
May 13-19 2 + 0.1 ---- ---- ---- ---- ---- ---- 14 0.5 
May 20-26 ---- ---- ---- ---- ---- ---- ---- ---- ---- 16 0.5 
May 27-June 2 ---- ---- ---- 1 2 + ---- ---- ---- 22 0.7 
June 3-9 1 + + 1 2 + ---- ---- ---- 6 0.2 
June 10-16 ---- ---- ---- 1 2 + ---- ---- ---- 3 0.1 
June 17-23 ---- ---- ---- ---- ---- ---- ---- ---- ---- 19 0.6 
June 24-30 1 + + ---- ---- ---- ---- ---- ---- 15 0.5 
July 1-7 ---- ---- ---- ---- ---- ---- ---- ---- ---- 8 0.3 
July 8-14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 12 0.4 
July 15-21 ---- ---- ---- 1 2 + ---- ---- ---- 17 0.5 
July 22-28 ---- ---- ---- ---- ---- ---- ---- ---- ---- 73 2.3 
July 29- Aug. 4 ---- ---- ---- ---- ---- ---- ---- ---- ---- 37 1.2 
Aug. 5-11 ---- ---- ---- ---- ---- ---- ---- ---- ---- 13 0.4 
Aug. 12-18 ---- ---- ---- ---- ---- ---- ---- ---- ---- 6 0.2 
Aug. 19-25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 0.2 
Aug. 26-Sept. 1 ---- ---- ---- ---- ---- ---- ---- ---- ---- 11 0.4 
Sept. 2-8 ---- ---- ---- ---- ---- ---- ---- ---- ---- 7 0.2 
Sept. 9-15 ---- ---- ---- ---- ---- ---- ---- ---- ---- 3 0.1 
Sept. 16-22 ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 0.2 
Sept, 23-30 ---- ---- ---- ---- ---- ---- ---- ---- ---- 4 0.1 
Totals 478 ---- 15.4 51 ---- 1.6 1 ---- + 3,104 ---- 
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TABLE 55 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, by Age Groups and Seasons 
 

 
Season 

 
Number 
of age + 
migrants 

 
Percentage 

of migration 

 
Number 
of age 1 
migrants 

 
Percentage 

of migration 

 
Number 
of age 2 
migrants 

 
Percentage 

of migration 

 
Number 
of age 3 
migrants 

 
Percent-age 
of migration 

 
Number 
of age 4 
migrants 

 
Percentage 

of migration 

 
Number 
of age 5 
migrants 

 
Percentage 

of migration 

 
Number 

of all 
migrants 

1933-34 No record ---- *21 16 *29 22 *79 60 *2 2 *0 *0 131 
1934-35 0 0 4 11 20 54 7 19 6 16 0 0 37 
1935-36 0 0 34 15 32 14 152 66 10 4 1 + 229 
1936-37 4 4 31 33 42 46 7 8 7 8 0 0 91 
1937-38 3 + 36 6 532 89 26 4 4 1 0 0 601 
1938-39 0 0 30 16 141 74 14 7 5 3 0 0 190 
1939-40 20 17 51 43 43 36 4 3 1 1 0 0 119 
1940-41 12 3 145 33 94 21 170 39 14 3 0 0 435 
1941-42 5 + 541 43 704 55 19 1 2 + 0 0 1,271 
Totals 44 1 893 29 1,637 53 478 15 51 2 1 + 3,104 

 
* No record prior to December 3rd nor after June 2nd 
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begin to spread out is not known. Almost nothing is known of the extent 
to which steelhead from different streams mix while in the sea. It is not 
known, but is not improbable, that steelhead in the sea, like the Pacific 
salmons, migrate in schools. 

 

Homing and Straying 

As pointed out in the comparable section for silver  salmon,  consid- 
erable literature exists regarding "homing" among anadromous members 
of the salmon family. Because of the general importance of the subject 
and the valuable contribution derived from the Waddell Creek data, the 
views of the writers will here be repeated. It is the opinion of the present 
writers that evidence obtained through marking experiments carried out 
by scientific workers in this and other countries has established as a fact 
the existence of homing among anadromous salmonids. Briefly, young 
salmonids which descend from fresh water to the sea return to their 
"parent stream" for spawning purposes  (young  fish  artificially  hatched 
and liberated return to the stream in which they were liberated, not to the 
stream to which their parents returned or in which they were hatched). A 
review of the subject of homing in trout and salmon and the important 
literature concerning it are contained in a paper by Shapovalov (1941b) 
and the reader is referred to this paper for details. 

Taft and Shapovalov (1938) presented preliminary data for the extent 
of  homing  and  straying  among  steelhead  between  Waddell  Creek  and 
Scott  Creek,  4  3/4  air-line  miles  to  the  south.  Table  56  shows  the 
complete figures for nine seasons of marking (1931 through 1938-39) and 
the nine seasons during which returns were obtained (1933-34 through 
1941-42). Fish listed as returning include only those taken at the traps in 
each season, to obtain as nearly comparable a basis as is possible. Males 
and females have been grouped together in the table, since no significant 
sexual differentiation has been revealed in the straying fish as compared 
with those of the same year class returning to their  parent  stream.  It 
should be kept in mind that the fish marked and liberated at Scott Creek 
were hatchery-reared. 

From Table 56 it is seen that during the entire period 476 (98.1 per- 
cent)  of  the  fish  marked  at  Waddell  Creek  returned  there  and  9  (1.9 
percent)  strayed  to  Scott  Creek.  Of  those  marked  at  Scott  Creek,  932 
(97.1 percent) returned there and 28 (2.9 percent) strayed to  Waddell 
Creek. These figures show conclusively that the rate of straying among 
steelhead is considerably less than among silver salmon for the streams 
involved. 

In the case of the silver salmon, it appeared (page 93) that the 
amount of  straying  from  a  given  stream is  fairly constant  for  a  given 
year class, but may vary considerably from year class to year class and 
consequently from the total run entering in one season to the total run 
entering in another season. Among the steelhead, the rate of straying is 
so small that it is difficult to formulate definite conclusions regarding 
this phase of the subject, but there is some indication that the rule 
postulated for the silver salmon applies to the steelhead as well. Among 
the fish marked at  Scott  Creek  in  1938-39,  greater  than  average 
straying in 1939-40 was followed by greater than average straying in 
1940-41. 
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TABLE 56 

Waddell and Scott Creeks, Steelhead: Homing and Straying of Marked Fish 
 

 
Place and season 

of marking 

 

 
Mark 

 
Returned to Waddell Creek 

1933-34 1934-35 1935-36 1936-37 1937-38 1938-39 1939-40 1940-41 1941-42 

Waddell Creek 
 

1931 Ad-LV 3 (100%) 3   (100%)  
 
62 

 
 
(98.4%) 

 
 
15 

 
 
(100%) 

 
 
1   (100%) 

 
 
 
4   (100%) 

 
 
 

 
1   (100%) 

 
 
 
 

 
1   (100%) 

 

 
 
 
 
 
 
5 

 

 
 
 
 
 
 
(100%) 

1932 ----  
1933-34 Ad-RP 65  (98.5%) 

1934-35 Ad-LP 17 (100%) 38 (100%) 17   (100%) 

1935-36 Both P 27 (90.0%) 43  (95.6%) 26 (100%) 

1936-37 Ad-RP 13   (100%) 53   (100%) 15  (93.8%) 

1937-38 Ad-LP 15   (100%) 37  (97.4%) 15   (100%) 

Scott Creek 
 

1932-33 Ad-RV 0 0 0   
0 

 
 
0 

 
 
0 

 
 
 

 
0 

 
 

 
 
 
 
 
 
1  (33.3%) 

 

 
 
 
 
 
 
 
0 

1933-34 Both V 0 1 (1.2%) 

1934-35 Ad-LV 1 (0.5%) 5  (2.7%) 

1935-36 Ad-RV 0 0 0 

1935-36 Ad-Ant 1/2D 0 1  (14.3%) 0 

1935-36 Both V 0 0 0   
1937-38 Ad-LV 0 1 (4.3%) 

1938-39 Ad-RV 8 (5.9%) 10  (8.3%) 
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TABLE 56 (continued) 

 
Waddell and Scott Creeks, Steelhead: Homing and Straying of Marked Fish 

 
 

 
Place and season 

of marking 

 
 

Mark 

 
Returned to Scott Creek 

 
1933-34 

 
1934-35 

 
1935-36 

 
1936-37 

 
1937-38 

 
1938-39 

 
1939-40 

 
1940-41 

 
1941-42 

 
Waddell Creek 

 
1931 Ad-LV 0 0   

 
1 

 

 
(1.6%) 

 

 
0 

 

 
0 

  
 

 
0 

 

 
 
 
 
0 

  

 
 
 
 
 
0 

 

 
 
 
 
 
 
0 

1932-    
1933-34 Ad-RP 1 (1.5%) 
1934-35 Ad-LP 0  0 0  
1935-36 Both P 3  (10.0%) 2 (4.4%) 0 
1936-37 Ad-RP 0  0 1 (6.2%) 
1937-38 Ad-LP 0 1 (2.6%) 0 

 
Scott Creek 

 

1932-33 Ad-RV 9 (100%) 39 (100%) 4   (100%)  
10   (100%) 

 
 
48   (100%) 

 
 
1   (100%) 

 
 
 

 
1   (100%) 

 

 
 
 
 
 
 
2  (66.6%) 

 

 
 
 
 
 
 
 
24 

 

 
 
 
 
 
 
 
(100%) 

1933-34 Both V 38 (100%) 79  (98.8%) 
1934-35 Ad-LV 197 (99.5%) 177 (97.3%) 

1935-36 Ad-RV 0 2   (100%) 0 

1935-36 Ad-Ant 1 /2D 6   (100%) 6  (85.7%) 0 

1935-36 Both V 0 6   (100%) 1   (100%)  
1937-38 Ad-LV 22   (100%) 22  (95.7%) 

1938-39 Ad-RV 128 (94.1%) 110 (91.7%) 
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Although it appears likely that the rate of straying  from  Waddell 
Creek to Scott Creek and vice versa may vary to some extent with each 
year class, the rate of straying even when it is greatest apparently is so 
small that the various calculated survivals (discussed in the following 
section), which are based partly on unmarked fish of unknown origin, are 
not seriously affected. In view of this and because data on straying  of 
marked fish both from Waddell Creek to Scott Creek and  from  Scott 
Creek to Waddell Creek are not available for the whole period of the 
experiments, it was decided that for the purpose of the present studies it 
was satisfactory to assume that the rate of straying between the two 
streams was the same. 

Even if the rate of straying between the two streams is the same, 
differences  in  the  numbers  of  strays  contributed  by  each  stream  would 
result  from  different  numbers  of  returning  adults  of  a  given  year  class 
produced by each stream. During most of the seasons under consideration 
the runs  into Scott  Creek  have been  considerably  larger than  those into 
Waddell Creek, and so it is not improbable that the contribution made by 
Scott Creek to Waddell Creek has been somewhat greater than vice versa, 
but it was decided that because of the low rate of straying and the 
complexity of the problem, involving various year classes with the same 
mark and different survival rates, any calculations based on the runs into 
each stream might result in greater errors than calculations based on the 
assumption that the numbers of steelhead that strayed from Waddell Creek 
to Scott Creek were equal to the numbers that strayed from Scott Creek to 
Waddell Creek. 

It is not considered probable that streams other than Scott Creek have 
contributed sufficient strays to alter the survival figures appreciably. The 
San Lorenzo River, 13½ miles to the south of Scott Creek, possesses a run 
of steelhead, but no marked Waddell or Scott Creek fish have been taken 
at the egg collecting station on that  stream, shown in Figure  3. Neither 
have any marked steelhead from Waddell or Scott creeks been taken in the 
San Lorenzo River by anglers, of whom there are a considerable number. 

As noted in the previous section, some marked Scott Creek and San 
Lorenzo River steelhead have been caught by anglers in the surf or 
offshore along the Santa Cruz County coast, mostly in October and 
November. Without further evidence, however, these fish cannot be 
treated as strays. In answer to the view that such fish are "lost" and 
will not return to the parent stream, and that only fish which remain 
under the influence of water from the parent stream will return to it, 
i t is pointed out the mouths of most California steelhead streams are 
closed by sand bars during the summer months and that in some cases 
the lower courses of the streams are entirely dry,  so  that  no  fresh 
water reaches the ocean. In this connection it may be well to consider 
again the case recorded by Taft and Shapovalov (1938) of a  marked 
Scott Creek steelhead that was first taken in Waddell Creek and later 
in Scott Creek, without spawning first in Waddell Creek. This case, 
although perhaps an isolated one, apparently indicates that we  can 
never quite  conclude that  a marked fish  which wanders into  another 
stream is really "lost" until we are definitely sure that i t has spawned 
in the strange stream. This finding points to the possibility that sup- 
posed  large-scale  wandering  among  salmonids  cited  in  the  literature 
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may have been only temporary straying. For example, this may have been 
the situation in the experiments described by White (1936), in which 
marked Atlantic salmon in numbers entered the West Branch of  Apple 
River, Nova Scotia, as well as the East Branch, in which they had been 
marked, especially since these streams have a common estuary, and 
approximately the lower mile of each of them is also tidal. Certainly, those 
fish which have been taken in the sea at any place away from the parent 
stream might eventually have come back if they had not been taken. 

Between Scott Creek and the San Lorenzo River are several small 
streams, namely, San Vincente, Liddell, Respini, Laguna, Coja, Baldwin, 
and Medler creeks; the runs of steelhead  in  these  streams  are  smaller 
than those in Waddell and Scott creeks. No marked fish have been 
reported from any of these streams, although no facilities to secure 
returns were in operation in them, and any reports would have resulted 
from chance catches made by anglers. 

To the north of Waddell Creek are three small streams, Finny, Año 
Nuevo, and Whitehouse creeks, which have very small steelhead runs. 
Gazos Creek, 6¾ miles north of Waddell, and  Pescadero  Creek,  144 
miles north, both have steelhead runs of fair extent, but again, no marked 
Waddell fish have been reported from these two localities, in which no 
special facilities to secure returns were in operation. 

From the preceding discussion we saw that the amount of straying be- 
tween Waddell and Scott creeks is so small that it is difficult to pick out 
trends, but that there was some indication that, as in the case of the silver 
salmon, a given rate of straying is associated with fish returning in 
different seasons but resulting from a single year class (or marking). If 
this is true, it appears that the rate of straying that will result is de- 
termined by the time that adults first start returning (as 1/1 fish) and is 
more dependent upon conditions existing up to the time than on condi- 
tions existing at the time of entry into the streams for spawning. Until 
contradictory evidence is presented, it appears satisfactory to set up the 
same hypothesis which was set up for the silver salmon, namely, that 
conditions existing at the time of the migration to the ocean determine 
the rate of straying that will take place in the years of return of the fish 
to fresh water. What these conditions are, it has not been found possible 
to state definitely on the basis of the data which are available and have 
been analyzed, but attention was called to certain possibilities in the case 
of the silver salmon, and it appears not improbable that the same 
considerations apply to the steelhead. In the case of the salmon, there 
was found to be (1) a tendency toward a positive correlation between 
size of downstream migration and rate of straying and (2) a tendency 
toward a negative correlation between average size of fish and rate of 
straying. In other words, the greater the numbers of downstream  mi- 
grants and the smaller the size of downstream migrants, the greater is 
the amount of straying. Possible explanations for these  correlations 
were (1) that an unusually large number of downstream migrants 
attracts predators out of proportion to the average, with the result that 
the fish entering the ocean are rapidly scattered or in some other way 
affected   so   they   do   not   return   to   their   home   stream   in   average 
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Run in season 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

Pre- 
vious 
spaw 
ners 

 
Totals 

 
Total 
fish 

 
 15 61 58 4 --- --- 28 166  

 
 

219 ♂♂ 

9.0% 36.7% 34.9% 2.4% --- --- 16.9% --- 
3 12 12 1 --- --- 5 33 
2 7 7 1 --- --- 3 20 
3 40 132 12 --- --- 36 223  

1.3% 17.9% 59.2% 5.4% --- --- 16.1% ---  
--- 2 5 1 --- --- 1 9  
--- 6 21 2 --- --- 6 35 267 ♀♀ 
23 128 235 21 --- --- 79 486 486 

 

 7 76 67 11 --- --- 41 202  
 
 

251 ♂♂ 

3.5% 37.6% 33.2% 5.4% --- --- 20.3% --- 
1 16 14 2 --- --- 9 42 

--- 3 2  --- --- 2 7 
5 40 119 36 2 --- 46 248  

2.0% 16.1% 48.0% 14.5% 0.8% --- 18.5% ---  
--- 1 3 1 --- --- 1 6  
--- 1 4 1 --- --- 2 8 262 ♀♀ 
13 137 209 51 2 --- 101 513 513 

 
 --- 63 113 16 --- --- 36 228  

 
 

249 ♂♂ 

--- 27.6% 49.6% 7.0% --- --- 15.8% --- 
--- 3 5 1 --- --- 1 10 
--- 3 5 1 --- --- 2 11 
3 60 116 22 --- --- 44 245  

1.2% 24.5% 47.3% 9.0% --- --- 18.0% ---  
--- --- --- --- --- --- --- ---  
--- 2 5 1 --- --- 2 10 255 ♀♀ 
3 131 244 41 --- --- 85 504 504 

 
 --- 50 55 18 1 --- 41 165  

 
 

200 ♂♂ 

--- 30.3% 33.3% 10.9% 0.6% --- 24.8% --- 
--- 3 3 1 --- --- 3 10 
--- 8 8 3 --- --- 6 25 
3 56 50 23 5 --- 71 208  

1.4% 26.9% 24.0% 11.1% 2.4% --- 34.2% ---  
--- --- --- --- --- --- --- ---  
--- 5 5 2 1 --- 7 20 228 ♀♀ 
3 122 121 47 7 --- 128 128 128 

 

 

TABLE 57 
 

Waddell Creek, Steelhead: Allocation of Fish Which Jumped Upstream Over the Dam and Spawned Below the 
Dam to Total Age Classes 

 
 
 

1933-34 
♂ 

         

% ♂         
Dam jumpers         
Below dam spawners         
♀         
% ♀         
Dam jumpers         
Below dam spawners         
Mean         
1934-35         
♂ 5 121 115 17 --- --- 7 265 
% ♂ 1.9% 45.7% 43.4% 6.4% --- --- 2.6% --- 
Dam jumpers --- 2 1  --- ---  3 
Below dam spawners --- 3 3 1 --- ---  7 275 ♂♂ 
♀ 4 76 160 20 --- --- 14 274  
% ♀ 1.5% 27.7% 58.4% 7.3% --- --- 5.1% ---  
Dam jumpers --- --- --- --- --- --- --- ---  
Below dam spawners --- 1 3 1 --- --- --- 5 279 ♀♀ 
Mean 9 203 282 39 --- --- 21 554 554 

1935-36  
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 

1936-37 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 

1937-38 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 
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 6 102 72 4 2 --- 26 212  
 
 

217 ♂♂ 

2.8% 48.1% 34.0% 1.9% 0.9% --- 12.3% --- 
--- --- --- --- --- --- --- --- 
--- 2 2 --- --- --- 1 5 
2 85 88 11 --- --- 57 243  

0.8% 35.0% 36.2% 4.5% --- --- 23.5% ---  
--- --- --- --- --- --- --- ---  
--- 2 2 --- --- --- 2 6 249 ♀♀ 
8 191 164 15 2 --- 86 466 466 

 
 33 134 32 3 --- --- 12 214  

 
 

249 ♂♂ 

15.4% 62.6% 15.0% 1.4% --- --- 5.6% --- 
4 16 4 --- --- --- 1 25 
2 6 2 --- --- --- --- 10 

18 108 79 2 --- --- 21 228  
7.9% 47.4% 34.6% 0.9%  --- 9.2% ---  

--- 2 2 --- --- --- 1 5  
1 5 3 --- --- --- 1 10 243 ♀♀ 

58 271 122 5 --- 36 492 492 

 
 27 116 33 --- 1 --- 28 205  

 
 

240 ♂♂ 

13.2% 56.6% 16.1% --- 0.5% --- 13.7% --- 
3 14 4 --- --- --- 4 25 
1 6 2 --- --- --- 1 10 
9 58 62 6 --- --- 50 185  

4.7% 31.4% 33.5% 3.3% --- --- 27.0% ---  
--- 2 2  --- --- 1 5  
1 3 3 --- --- --- 3 10 200 ♀♀ 

41 199 106 6 1 --- 87 440 440 

 
 34 54 37 3 --- --- 37 165  

 
 

211 ♂♂ 

20.6% 32.7% 22.4% 1.8% --- --- 22.4%  
6 10 7 --- --- --- 7 30 
3 5 4 --- --- --- 4 16 
9 33 79 17 --- 1 73 212  

4.2% 15.6% 37.3% 8.0% --- 0.5% 34.4% ---  
--- 2 4 1 --- --- 3 10  
1 2 6 1 --- --- 6 16 238 ♀♀ 

53 106 137 22 --- 1 130 449 449 

 

 
TABLE 57 — Continued 

Waddell Creek, Steelhead: Allocation of Fish Which Jumped Upstream Over the Dam and Spawned 

Below the Dam to Total Age Classes 
 

 
 

Run in season 

 
 

2 

 
 

3 

 
 

4 

 
 

5 

 
 

6 

 
 

7 

Pre- 
vious 
spawn 

ers 

 
 

Totals 

 
Total 
fish 

1938-39 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean. 
1939-40 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 

1940-41 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 

1941-42 
♂ 
% ♂ 
Dam jumpers 
Below dam spawners 

♀ 
% ♀ 
Dam jumpers 
Below dam spawners 
Mean 

numbers, and (2) that unfavorable growing conditions (resulting in small 
size of fish) in some way affect the fish so they do not return to their home 
stream in average numbers. For the present, because of the  complex life 
history categories among the steelhead, the above mentioned correlations 
have not been tested. As in the case of the silver salmon, it would be of 
interest and profitable to carry out marking experiments planned to reveal 
and to test the indicated tendencies. 

One other phase of homing remains to be considered, and that is the 
extent to which fish returning to the parent stream return to the same 
portion   of   the   stream.   Taft   and   Shapovalov   (1938)   found   that 
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within a large river system, the Klamath in Northern California, the amount 
of straying among sea-run steelhead between tributaries  was  not  greater 
than between Waddell and Scott creeks. For Waddell Creek an attempt to 
determine this matter was made on the basis of the distribution of marked 
and unmarked  adults above  and below  the dam.  The problem was made 
difficult by the fact that only fish which had completed spawning could be 
used with certainty, with the result that the number of  such  fish  found 
below the dam (9) was too small to obtain conclusive evidence. None of 
these was marked, but for the purposes  of  the  present  studies  the 
proportion of marked to unmarked fish has been considered to be the same 
above and below the dam. 

 
Survival 

The simplest procedure to calculate survival to maturity among sea-run 
steelhead at Waddell Creek is to calculate the number of eggs deposited in 
a given season and then to total the numbers of sea-run fish of that year 
class returning to spawn for the first time. Survival calculated in this 
manner may be termed primary over-all survival: primary in the sense that 
it is calculated to first spawning, and does not include survival to 
subsequent spawnings, which may be termed secondary survival, and over- 
all in the sense that it is calculated from egg to sea-run fish, without a 
breakdown into survival at intervening stages. 

In calculating primary over-all survival, the first spawners among the 
fish comprising the total estimated runs into Waddell Creek (see Table 35) 
were divided into total age classes. In this division, the numbers of fish 
estimated to have jumped upstream over the dam and  to  have  spawned 
below the dam, respectively, were segregated  into  first  and  repeat 
spawners and the first spawners assigned to total age classes according to 
the ratios of first and repeat spawners and age classes in fish  checked 
through the upstream trap (Table 30). It was not necessary to assign ages 
to the repeat spawners, since they do not enter into the calculation of 
primary survival. The results of the division are shown in Table 57. 

From Table 57 it was possible to assign all returning first spawners to 
the  proper  brood  season  (season  in  which  they  were  produced),  and  to 
express them as a percentage of the number of eggs which produced 
them.35   The results are shown in Table 58. 

From an examination of Table 58 it is seen that the percentage of 
survival varies from 0.017 to 0.028 for the four seasons for which re- 
turns are complete or practically complete, and from 0.017 to 0.029 if 
an additional season (1937-38), for which the number of five-year-old 
returning fish was not available but was calculated on the basis of the 

 

35 
In the  present  paper  any offspring of  sea-run  steelhead which  do  not  go  to sea and  return  as  adults are 

included among "mortality" in calculation of primary overall survival. For example, if by the time that 
the fish of a given year class have finished coming in as sea-run fish for their first spawning there are 
present any fish of sea-run parentage of the same year class remaining  in  the  stream  they  must  be 
counted as "mortality," since such fish are lost to the sea-run spawning migrations. This procedure must 
be followed even in the case of those fish which attain sexual maturity as stream fish, for the following 
reasons: (1) Some of  them probably appear later among the sea-run first spawners (it  is difficult to 
recognize with surety the spawning mark on the stream steelhead scales), (2) among the upstream fish it 
is difficult to recognize fish that are going to spawn in the current season unless they are approaching 
ripeness, (3)  resident fish might  be  included if  fish  other  than sea-run  individuals  were included  in 
primary overall survival. 
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average return of five-year-olds in the other four seasons, is included. In 
the former case the mean percentage of return is 0.021 and in the latter 
case it is 0.023. Of course, these are so close to each other that the 
selection of one or the other would make very little difference, but for 
the purposes of the present report  the  latter  figure  will  be  used, 
especially since the partially assumed survival percentage for 1937-38 is 
in harmony with the figures for other seasons. 

One of the striking features to be noted in Table 58 is the inverse 
correlation between the total egg production and the survival percentage. 
The  fact  that  the  same  phenomenon  is  encountered  among  the  silver 
salmon (see page 96 and Table 18), and also in general for both 
steelhead and silver salmon when the survival is calculated from the 
downstream migration rather than from the eggs produced, indicates 
strongly that the correlation is not due to chance but is real. The fact that 
there is a chronological sequence as well in the present instance might 
lead one to believe that specific or general improving environmental 
conditions, rather than the size of the egg production, were responsible 
for the steady increase in the survival rate, except for the fact that this 
chronological sequence does not prevail in the case of the silver salmon 
nor in the case of the survival following downstream migration. 

In Table 58, the numbers of fish listed under the heading "Spawning 
run" are the total fish estimated to have spawned in Waddell Creek in 
each season, including fish of all ages and all life histories, and  both 
marked and unmarked fish. They include fish which were checked 
upstream through the trap (the great majority of the fish), those which 
jumped upstream over the dam, and those  which  spawned  below  the 
dam. It was necessary to include all three groups for the reason that in 
calculating survival it is impossible  to  recognize  the  fish  produced  in 
one  group  from  those  produced  by  another  group.  Survival  may  also 

 
TABLE 58 

Waddell Creek, Steelhead: Primary Over-all Survival 
 

 
 

Brood season 

 
Spawning 

run 

 

 
Total egg pro- 

duction 

 
Returned as adult first spawners 

 
 

Total 

 

 
Percentage 

survival 
 

♂ 
 

♀ 2 
yr. 

3 
yr. 

4 
yr. 

5 
yr. 

6 
yr. 

7 
yr. 

1933-34 219 267 1,654,239 13 131 121 15 -- -- 280 0.017 

1934-35 275 279 1,567,366 3 122 164 5 1 1 296 0.019 

1935-36* 251 262 1,523,360 3 191 122 6 -- ? 322 0.021 

1936-37† 249 255 1,459,534 8 271 106 22 ? 9 407 0.028 

1937-38‡ 200 228 1,422,641 58 199 137 (15) ? ? (409) (0.029) 

1938-39 217 249 ---- 41 106 ? ? ? ? --- --- 

1939-40 249 243 ---- 53 ? ? ? ? ? --- --- 

1940-41 240 200 ---- ? ? ? ? ? ? --- --- 

1941-42 211 238 ---- ? ? ? ? ? ? --- --- 
 
Totals   

 
7,627,140       

 
1,716 

 
0.022 

 

Mean           
 

0.023 
* No returns possible for 7-year fish, 
† No returns possible for 6- or 7-year fish. 
‡ No returns possible for ;5-, 6-, or 7-year fish, but the average (3.7 percent) return for 5-year fish in previous 

seasons has been used. 
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be calculated on the basis of marked fish, and this is done on pages 206- 
239, but such survival dates from time of downstream migration (i.e., time 
of marking) and not from time of egg deposition. 

In calculating the number of eggs produced by each spawning run, the 
number of eggs produced by each fish was calculated on the basis of the 
egg number-fish length relationship previously established and discussed 
on pages 149-150 and shown in Figure 27. The lengths of all fish checked 
through the upstream trap were, of course, known. Egg production for fish 
jumping upstream over the dam and those spawning below the dam was 
based on fish lengths when known. Egg production for the remaining fish 
was estimated on the basis of average egg production for fish checked 
upstream through the trap. This is shown in Table 59. 

For purposes of estimating survival, it was assumed that the straying of 
surviving fish to and from Waddell Creek has been equal. For a discussion 
of the justification of this assumption see page 200. 

The previous discussion of survival and the accompanying tables have 
included  both  marked  and  unmarked  fish.  Now  considering  primary 
survival among marked fish, we are able to check on the previous cal- 
culations and to increase our insight into the processes that take place 
for the following reasons: (1) possible errors resulting from straying are 
eliminated, (2) in addition to the age at time of migration to sea, the age 
at time of initial downstream migration is also known (the two are not 
always the same) for the surviving fish. 

 

Survival of Marked Waddell Creek Steelhead 

In Tables 60-68, tabulations have been made of all adult  steelhead 
which were marked as juveniles on a downstream migration through the 
traps and were taken in the upstream trap as first spawners. The pur- 
pose of these tabulations is to calculate survival among marked down- 
stream juvenile steelhead, so (1) marked fish which have spawned in 
previous seasons, (2) marked Scott Creek strays, (3) fish marked at 
various  points  in  Waddell  Creek  in  1931-32,  (4)  fish  tagged  but  not 

 
TABLE 59 

Waddell Creek, Steelhead: Estimate of Total Egg Production, by Seasons 
 

 

 
Season 

 
Fish checked upstream 

 
Estimated dam jumpers Estimated number fish 

spawning below dam 
 

Total egg 
production in 

stream  
♂ 

 
♀ Calc. egg 

production 
 

♂ 
 

♀ Calc. egg 
production 

 
♂ 

 
♀ Calc. egg 

production 
1933-34 166 223 1,375,093 33 9 50,946 20 35 228,200 1,654,239 
1934-35 265 274 1,550,440 3 -- -- 7 5 16,926 1,567,366 
1935-36 202 248 1,455,473 42 6 26,538 7 8 41,349 1,523,360 
1936-37 228 245 1,412,902 10 -- -- 11 10 46,632 1,459,534 
1937-38 165 208 1,295,301 10 -- -- 25 20 127,340 1,422,641 
1938-39 212 243 1,557,032 -- -- -- 5 6 -- -- 
1939-40 214 228 1,153,840 25 5 -- 10 10 -- -- 
1940-41 205 185 1,072,271 25 5 -- 10 10 -- -- 
1941-42 165 212 1,237,458 30 10 -- 16 16 -- -- 

 
Totals 

 
1,822 

 
2,066         
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Season when 
first marked 
downstream 

 

 
Mark 

 
Probable age 

as down- 
stream 
migrant 

 

 
Age as 

returning 
adult 

 
Season of return as adult 

 
1931-32 

 
1932-33 

 
1933-34 

 
1934-35 

 
1935-36 

 
1936-37 

 
Total 

   
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1930-31 No marking 1 1/1 ?  

N
o 

R
ec

or
ds

 

  
 
 
 
 

? 

? 

? 
? 

? 

 
 
 
 
 

? 

? 

? 
? 

? 

 
 
 
 
 
 
 
 
 
 

? 

? 

? 

0 

 
 
 
 
 
 
 
 
 
 

? 

? 

? 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

? 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

? 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

? ? 
1929-30 No marking + 1/2 

  
N

o 
R

ec
or

ds
 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

0 

? 

0 

0 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

? 

0 

? 

0 

0 

1930-31 No marking 1 1/2 

1931-32 No marking 2 2/1 

1930-31 No marking 1 2/1 

1930-31 No marking 1 1/3   
1931-32 No marking 2 2/2 

1930-31 No marking 1 2/2 

1932-33 No marking 3 3/1 

1931-32 No marking 2 3/1 

1931-32 No marking 2 2/3 

1932-33 No marking 3 3/2 

1931-32 No marking 2 3/2 

1933-34 Ad— RP 4 4/1 

1932-33 No marking 3 3/3 

1933-34 Ad— RP 4 4/2 

1933-34 Ad— RP 4 4/3 

Totals ? ? ? ? 0 + ? 0 + ? 0 + ? 0 + ? 0 0 0 + ? 0+? 

 

 

TABLE 60 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1929-30 
 
 
 
 
 
 
 
 

? 

? 

? 

? 
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TABLE 61 

 

 

 
Season when first 

marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 
migrant 

 
 

Age as 
returning 

adult 

 
Season of return as adult 

 
1932-33 

 
1933-34 

 
1934-35 

 
1935-36 

 
1936-37 

 
1937-38 

 
Total 

  
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1931-32 No   marking 1 1/1 

  
N

o 
R

ec
or

ds
 

 
? 

 
? 

 
 
 
 
 

? 

 

 
 
 
 
 
 

? 
3 
? 

 
 
 
 
 
 
 
 

 
? 

 
 
 
 
 
 
 
 

 
? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

? ? 

1930-31 No  marking + 1/2  ? 
1931-32 No  marking 1 1/2 ? ? ? ? 
1932-33 No  marking 2 2/1 ? ?  ? 
1931-32 No  marking 1 2/1 ? ?  ? 
1931-32 No   marking 1 1  3  ? 
1932-33 No  marking 2 2/2 ?  ? 
1931-32 
1933-34 
1932-33 

No marking Ad-
RP 
No marking 

1 
3 
2 

2/2 
3/1 
3/1 

? 
5 
? 

 ? 
3 
? 

1932-33 No marking 2 2/3  ? 
1933-34 Ad-RP 3 3/2 2 7  7 
1932-33 No marking 2 3/2 ? ?  ? 
1933-34 Ad-RP 3 4/1 0 1 0 1 
1934-35 Ad-LP 4 4/1 1 0 1 0 
1933-34 Ad-RP 3 3/3 0 0 
1934-35 Ad-LP 4 4/2 0 0 0 0 
1934-35 Ad-LP 4 4/3 0 0 

Totals ? ? ? 5 + ? 3 + ? 3 + ? 8 + ? 0 0 0 0 8 + ? 11+? 

 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1930-31 
 
 
 
 
 
 
 

? 
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TABLE 62 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1931-32 
 

 
 

Season when first 
marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning 

adult 

 

Season of return as adult 

 
1933-34 

 
1934-35 

 
1935-36 

 
1936-37 

 
1937-38 

 
1938-39 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1932-33 No marking 1 1/1 ? ?  
? 

 
? 

 

 
 
 
 

? 

 

 
 
 
 

? 

 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

? ? 
1931-32 No marking + 1/2 ? ? 
1932-33 No marking 1 1/2 ? ? ? ? 
1933-34 Ad-RP 2 2/1 42 14 42 14 
1932-33 No marking 1 2/1 ? ? ? ? 
1932-33 No marking 1 1/3 ? ? 
1933-34 Ad-RP 2 2/2 15 22 15 22 
1932-33 No marking 1 2/2 ? ? ? ? 
1934-35 Ad-LP 3 3/1 0 2 0 2 
1933-34 Ad-LP 2 3/1 0 2 0 2 
1933-34 Ad-RP 2 2/3 0 0 
1934-35 Ad-LP 3 3/2 0 1 0 1 
1933-34 Ad-RP 2 3/2 0 0 0 0 
1934-35 Ad-LP 3 4/1 2 5* 2 5* 
1935-36 Both P 4 4/1 0 0 0 0 
1934-35 Ad-LP 3 3/3 0 0 
1934-35 Ad-LP 3 4/2 1 4 1 4 
1935-36 Both P 4 4/2 0 0 0 0 
1935-36 Both P 4 4/3 0 0 

Totals ? ? 42+? 14+? 15+? 26+? 2 6 1 4 0 0 60+? 50+? 

* One of these marked Ad + Both P (marked downstream both in 1934-35 and 1935-36). 
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TABLE 63 

 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1932-33 
 

 

 
Season when first 

marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning 

adult 

 
Season of return as adult 

 
1934-35 

 
1935-36 

 
1936-37 

 
1937-38 

 
1938-39 

 
1939-40 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1933-34 Ad-RP 1 1/1 0 1  
? 

 
? 

 

 
 
 
 

0 

 

 
 
 
 

0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

0 1 
1932-33 No marking + 1/2 ? ? 
1933-34 Ad-RP 1 1/2 0 1 0 1 
1934-35 Ad-LP 2 2/1 9 3 9 3 
1933-34 Ad-RP 1 2/1 0 0 0 0 
1933-34 Ad-RP 1 1/3 0 0 
1934-35 Ad-LP 2 2/2 4 7 4 7 
1933-34 Ad-RP 1 2/2 1 0 1 0 
1935-36 Both P 3 3/1 5 3 5 3 
1934-35 Ad-LP 2 3/1 6 6* 6 6* 
1934-35 Ad-LP 2 2/3 0 0 
1935-36 Both P 3 3/2 2 0 2 0 
1934-35 Ad-LP 2 3/2 0 2 0 2 
1936-37 Ad-RP 4 4/1 0 0 0 0 
1935-36 Both P 3 3/3 0 0 
1936-37 Ad-RP 4 4/2 0 0 0 0 
1936-37 Ad-RP 4 4/3 0 0 
Totals 0 1 9 4 16 16 2 2 0 0 0 0 27 23 

* One of these marked Ad + Both P (marked downstream both in 1934-35 and 1935-36). 
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TABLE 64 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1933-34 

 

 

 
 

Season when first 
marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning adult 

 
Season of return as adult 

 
1935-36 

 
1936-37 

 
1937-38 

 
1938-39 

 
1939-40 

 
1940-41 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♂ 

 
♂ 

 
♀ 

1934-35 Ad-LP 1 1/1 0 1  
0 

 
0 

 

 
 
 
 

0 

 

 
 
 
 

0 

 
 
 
 
 
 
 
 

 
1 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

0 1 
1933-34 Ad-RP + 1/2 0 0 
1934-35 Ad-LP 1 1/2 0 1 0 1 
1935-36 Both P 2 2/1 10 7 10 7 
1934-35 Ad-LP 1 2/1 1 2 1 2 
1934-35 Ad-LP 1 1/3 0 0 
1935-36 Both P 2 2/2 12 7 12 7 
1934-35 Ad-LP 1 2/2 0 3 0 3 
1936-37 Ad-RP 3 3/1 0 0 0 0 
1935-36 Both P 2 3/1 0 1 0 1 
1935-36 Both P 2 2/3 1 0 
1936-37 Ad-RP 3 3/2 0 0 0 0 
1935-36 Both P 2 3/2 1 3 1 3 
1937-38 Ad-LP 4 4/1 0 0 0 0 
1936-37 Both P 3 3/3 0 0 
1937-38 Ad-LP 4 4/2 0 0 0 0 
1937-38 Ad-LP 4 4/3 0 0 

Totals 0 1 11 10 12 11 2 3 0 0 0 0 25 25 
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TABLE 65 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1934-35 

 

 

 
 

Season when first 
marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning adult 

 
Season of return as adult 

 
1936-37 

 
1937-38 

 
1938-39 

 
1939-40 

 
1940-41 

 
1941-42 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♂ 

 
♂ 

 
♀ 

1935-36 Both P 1 1/1 0 0  
0 

 
0 

 

 
 
 
 

0 

 

 
 
 
 

0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

? 

0 0 
1934-35 Ad-LP + 1/2 0 0 

1935-36 Both P 1 1/2 0 0 0 0 
1936-37 Ad-RP 2 2/1 9 4 9 4 
1935-36 Both P 1 2/1 5 7 5 7 
1935-36 Both P 1 1/3 0 0 

1936-37 Ad-RP 2 2/2 5 6 5 6 

1935-36 Both P 1 2/2 6 8 6 8 

1937-38 Ad-LP 3 3/1 1 0 1 0 

1936-37 Ad-RP 2 3/1 0 1 0 1 

1936-37 Ad-RP 2 2/3 0 0 

1937-38 Ad-LP 3 3/2 0 0 0 0 
1936-37 Ad-RP 2 3/2 0 0 0 0 

1938-39 No marking 4 4/1 ? ? ? ? 

1937-38 Ad-LP 3 3/3 0 0 

1937-38 Ad-LP 3 4/2 1 0 1 0 

1938-39 No marking 4 4/2 ? ? ? ? 
1938-39 No marking 4 4/3 ? ? 

Totals 0 0 14 11 12 15 0+? 0+? 1+? 0+? ? ? 27+? 26+? 
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TABLE 66 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1935-36 

 

 

 
Season when first 

marked downstream 

 

 
 

Mark 

 
Probable 
age as 
down- 
stream 
migrant 

 
 

Age as 
returning 

adult 

 
Season of return as adult 

 
1937-38 

 
1938-39 

 
1939-40 

 
1940-41 

 
1941-42 

 
1942-43 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀   

♂ 
 

♀ 

1936-37 Ad-RP 1 1/1 0 0  
0 

 
0 

 

 
 
 
 

0 

 

 
 
 
 

0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 

 
0 

 
 
 
 
 
 
 
 
 
 
 
 
 

? 

 
 
 
 
 
 
 
 
 
 
 
 
 

? 

  
N

o 
R

ec
or

ds
 

0 0 
1935-36 Both P + 1/2 0 0 
1936-37 Ad-RP 1 1/2 1 0 1 0 
1937-38 Ad-LP 2 2/1 7 4 7 4 
1936-37 Ad-RP 1 2/1 16* 20 16* 20 
1936-37 Ad-RP 1 1/3 0 0 
1937-38 Ad-LP 2 2/2 2 6 2 6 
1936-37 Ad-RP 1 2/2 3 7 3 7 
1938-39 No marking 3 3/1 ? ? ? ? 
1937-38 Ad-LP 2 3/1 1 1 1 1 
1937-38 Ad-LP 2 2/3 0 0 
1938-39 No marking 3 3/2 ? ? ? ? 
1937-38 Ad-LP 2 3/2 0 0 0 0 
1939-40 No marking 4 4/1 ? ? ? ? 
1938-39 No marking 3 3/3 ? ? 
1939-40 No marking. 4 4/2 ? ? ? ? 
1939-40 No marking 4 4/3 ? ? 

Totals 0 0 24 24 6+ ? 14+? 0+ ? 0+ ? ? ? ? 30+? 38+? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

? 

 
* One of these marked Ad + Both P (D)  (marked downstream both in 1936-37 and 1937-38). 
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TABLE 67 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1936-37 

 

 

 

 
Season when first marked 

downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning 

adult 

 
Season of return as adult 

 
1938-39 

 
1939-40 

 
1940-41 

 
1941-42 

 
1942-43 

 
1943-44 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1937-38 
1936-37 
1937-38 
1938-39 
1937-38 
1937-38 
1938-39 
1937-38 
1939-40 
1938-39 
1938-39 
1939-40 
1938-39 
1940-41 

1939-40 
1940-41 
1940-41 

Ad-LP 
Ad-RP 
Ad-LP 
No marking 
Ad-LP 
Ad-LP 
No marking 
Ad-LP 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 

1 
1 
1 
2 
1 
1 
2 
1 
3 
2 
2 
3 
2 
4 

3 
4 
4 

1/1 
1/2 
1/2 
2/1 
2/1 
1/3 
2/2 
2/2 
3/1 
3/1 
2/3 
3/2 
3/2 
4/1 

3/3 
4/2 
4/3 

1 0  
0 
2 
? 
6 

 
0 
1 
? 

17 

 

 
 
 
 

0 
? 
1 
? 
? 

 

 
 
 
 

0 
? 
4 
? 
? 

 
 
 
 
 
 
 
 
 

? 
? 
? 
? 

 
 
 
 
 
 
 
 
 

? 
? 
? 
? 

  
N

o 
R

ec
or

ds
 

  
N

o 
R

ec
or

ds
 

1 
0 
2 
? 
6 
0 
? 
1 
? 
? 
? 
? 
? 
? 

? 
? 
? 

0 
0 
1 
? 

17 
0 
? 
4 
? 
? 
? 
? 
? 
? 

? 
? 
? 

? 
? 

Totals 1 0 8+? 18+? 1 + ? 4 + ? ? ? ? ? 10 + ? 22 + ? 
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TABLE 68 
 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), Brood Year of 1937-38 
 

 

 
Season when first 

marked downstream 

 

 
 

Mark 

 

 
Probable age 

as down- 
stream 

migrant 

 
 

Age as 
returning 

adult 

 
Season of return as adult 

 
1939-40 

 
1940-41 

 
1941-42 

 
1942-43 

 
1943-44 

 
1944-45 

 
Total 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

 
♂ 

 
♀ 

1938-39 
1937-38 
1938-39 
1939-40 
1938-39 
1938-39 
1939-40 
1938-39 
1940-41 
1939-40 
1939-40 
1940-41 
1939-40 
1941-42 
1940-41 
1941-42 
1941-42 

No marking 
Ad-LP 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 
No marking 

1 
+ 
1 
2 
1 
1 
2 
1 
3 
2 
2 
3 
2 
4 
3 
4 
4 

1/1 
1/2 
1/2 
2/1 
2/1 
1/3 
2/2 
2/2 
3/1 
3/1 
2/3 
3/2 
3/2 
4/1 
3/3 
4/2 
4/3 

? ?  
0 
? 
? 
? 

 
1 
? 
? 
? 

 

 
 
 
 

? 
? 
? 
? 
? 

 

 
 
 
 

? 
? 
? 
? 
?   

N
o 

R
ec

or
ds

 

  
N

o 
R

ec
or

ds
 

  
N

o 
R

ec
or

ds
 

? 
0 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

? 
1 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

? 
? 
? 
? 

? 
? 

? 

Totals ? ? 0+? 1 + ? ? ? ? ? ? 0+? 1+? 
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marked, and (5) all unmarked fish have been, excluded, since none of them 
is comparable to those marked on a downstream migration. 

The data are arranged according to the returns in all seasons from 
marked  fish  of  a  given  brood  year,  for  males  and  females  separately. 
The total number of marked first spawners resulting from a given brood 
year is shown in the extreme right-hand column of each table. In addi- 
tion, the first spawners returning from fish marked in a given season, 
irrespective of brood year, have also been obtained from  these  data. 
These tabulations must be obtained from more than one table. 

Only those freshwater plus ocean age combinations which have actu- 
ally been encountered among Waddell Creek returning adult first- 
spawning steelhead during the seasons of 1933-34 through 1941-42 have 
been listed (three of these combinations, 1/3,  3/3,  and  4/3,  have  not 
been encountered among the marked fish; among  the  unmarked  fish, 
only one has been found in each of these combinations, and the scale 
readings for the latter two of them are somewhat doubtful, so these three 
combinations do not play a significant role). 

The first column shows the season in which the fish was first marked 
on   a   downstream   migration.   (Three   fish   among   the   marked   first 
spawners  made  an  upstream  migration  subsequent  to  the  downstream 
migration on which they were first marked and then a  second  down- 
stream migration, on which they were again marked.  These  fish  thus 
carry the mark Ad-Both P and are individually noted.) Seasons during 
which no marking was carried on are shown for those age combinations 
for which returns have been obtained in other seasons. 

The second column shows the mark given, or carries the notation "No 
marking". 

The third column shows the probable age of the fish at the time that it was 
first marked on a downstream migration. It must be kept in mind that the 
mark given shows only the season in which the fish was marked, and not the 
age. In most cases, returning adults with different marks will have different 
life histories, but a few may have different marks but the same life history. 
For example, a fish marked in September of one season and one marked in 
October of the following season (i.e., in the following month) will have 
different marks, but could well have the same life histories. In the case of 
fish marked during the principal (spring) migrations those with different 
marks will have different life histories in those cases in which the fish went 
to sea in the same season in which they were marked. However, as was noted 
previously, a number of fish remain in fresh water for one season after their 
first downstream migration, i.e., migrate to sea in the season following the 
one in which they were marked. Such fish are shown in bold face type in the 
columns under "Season of return as adult". 

The fourth column shows the age combination (life history category) of 
the fish as a returning adult. 

The remaining columns show the season in which the fish returned as 
a first spawner. Similarly to the case of the first column, those seasons 
in which the upstream trap was not operated ("No Records") or in which 
no returns were possible because no marking had been carried on in the 
proper season are shown for those combinations for which returns have 
been obtained in other seasons.  Such  returns,  which  might  have 
occurred   if   marking   had   been   carried   on   and   the   upstream   trap 
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had been operated, are indicated by a question mark, "?". A zero, "0", 
means that no returns were obtained, but that marking had been carried 
out and the upstream trap operated. 

There are nine brood years, 1929-30 through  3937-38,  for  which  at 
least partial returns could be expected, on the basis of  the  marking 
carried out, the seasons  during which the upstream trap was operated (nine 
seasons, 1933-34 through 1941-42), and the life history categories which have 
been encountered among Waddell Creek adult first-spawning steelhead. At least 
partial returns were obtained for all but the  1929-30 brood year, for which 
returns for only three minor age combinations were possible. Complete returns 
were possible for only two brood years, 1932-33 and 1933-34, but nearly 
complete returns (complete except for minor age combinations) were possible 
for two other brood years, 1934-35 and 1935-36. The largest returns were 
obtained for still another brood year, 1931-32, despite the fact that returns for 
two major age combinations were not possible. 

Altogether, returns were obtained for 383 marked first spawners. (One 
marked fish, male Ad-LP, 71 cm., taken during the 1936-37 season had 
all of the scales badly regenerated and was omitted from this series of 
tabulations. It is not known whether this fish was a first spawner or not. 
For all other marked fish the scales were sufficiently complete to 
determine whether or not the fish were spawning for  the  first  time.) 
These 383 fish were composed of 187 (48.8 percent) males and 196 (51.2 
percent) females. This is almost exactly the sex  ratio among all 3,220 
first spawners checked upstream through the trap (Table 28). Returns for 
the two complete brood years (1932-33 and 1933-34) (Tables 63 and 64) 
and  for  the  four  complete  or   nearly   complete   brood   years (1932-
33   through   1935-36)   (Tables   63-66)   also   show   a   sex   ratio 

 
TABLE 69 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), 
All Brood Years Combined 

 

Probable age as 
downstream 

migrant 

Age as returning 
adult 

Number 
♂♂ 

Number 
♀♀ 

Number 
♂♂ + ♀♀ 

Number of 
seasons* 

1 1/1 1 2 3 5 
1 1/2 3 3 6 5 
+ 1/2 0 1 1 5 
2 2/1 77 32 109 5 
1 2/1 28 46 74 5 
1 1/3 0 0 0 5 
2 2/2 38 48 86 5 
1 2/2 11 22 33 5 
3 3/1 11 8 19 5 
2 3/1 7 11 18 5 
2 2/3 1 0 1 5 
3 3/2 4 8 12 5 
2 3/2 1 5 6 5 
4 4/1 1 0 1 5 
3 4/1 2 6 8 5 
3 3/3 0 0 0 5 
4 4/2 0 0 0 5 
3 4/2 2 4 6 5 
4 4/3 0 0 0 5 

Totals -- 187 196 383 -- 
* Number of seasons for which returns were possible. 
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of approximately 1:1. In the former case it is 52 (52.0 percent) males and 48 
(48.0 percent) females and in the latter case 109 (49.3 percent) males and 
112 (50.7 percent) females. 

An analysis of the data (Table 69) shows that of the 383 marked adult 
first spawners, 220 (57.4 percent) had made their initial downstream 
migration as age 2 fish (in their second year), 116 (30.3 percent) as age 1 
fish, and 45 (11.8 percent) as age 3 fish. There was one fish apiece in the + 
and 4 groups. This sequence, but not order of magnitude, is also true for 
each sex. It is seen that there were more males than females in the 2 group, 
whereas the reverse was true in the 1 and 3 groups. These sexual differences 
are probably real. 

For purposes of comparison with the returning adults, Table 70  also 
shows the age at initial downstream migration of the 12,679 downstream 
stream fish which were marked and produced those adults. From this table it 
is seen that the ages at initial downstream migration of adult steelhead first 
spawners occur in quite different proportions from those of the stream fish 
producing them. This results both from differing survival rates among 
downstream stream fish of different ages and the fact that many of the 
downstream stream fish remain in the stream for an additional season, the 
percentage doing so varying considerably with age. 

That many of the fish which migrate downstream do not go to sea in the 
same season, but remain in the stream until the following season, has been 
noted previously and is seen clearly from Table 71. Of the 383 fish under 
discussion, 237 (61.9 percent) migrated to sea in the same season, while 146 
(38.1 percent) migrated in the following season. Of the 146 fish that 
migrated to sea in the following season, three made an upstream migration 
and a second downstream migration, while the remainder stayed in the 
stream below the dam, most likely in the lagoon in the great majority of 
cases. 

In this connection, a striking difference in behavior is to be noted in 
the different age groups. Among the age 1 group, only 9 (7.8 percent) 
had migrated in the same season and 107 (92.2 percent) had migrated 
in   the   following   season;   among   the   age   2   group,   196   (89.9 

 
TABLE 70 

 
Waddell Creek, Steelhead: Age at Initial Downstream Migration of Marked Adult First Spawners 

and Marked Downstream Stream Fish, All Seasons Combined 
 

 

 
Age 

 
Adults 

 
Stream fish 

♂♂ ♀♀ ♂♂  +  ♀♀  
Number 

 
Percentage  

Number 
 
Percentage 

 
Number 

 
Percentage 

 
Number 

 
Percentage 

+ 0  
23.0 

1 0.5 1 0.3 3,820 30.1 
1 43 73 37.2 116 30.3 4,811 38.0 

2 124 66.3 96 49.0 220 57.4 3,793 29.9 

3 19 10.2 26 13.3 45 11.8 249 2.0 

4 1 0.5 0 -- 1 0.3 6 + 
 

Totals 
 

187 
 

-- 
 

196 
 

-- 
 

383 
 

-- 
 

12,679 
 

-- 
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percent) had migrated in the same season and only 24 (10.1 percent) in the 
following season; among the age 3 group, 31 (68.9 percent) had migrated in 
the same season and 14 (31.1 percent) in the following season. 

This  sequence,  but  not  order  of  magnitude,  is  also  true  for  each  sex. 
Among the males, 136 (72.7 percent) had migrated to sea in the same season 
and 51 (27.3 percent) in the following season, while among the females 101 
(51.5 percent) had migrated in the same season and 95 (48.5 percent) in the 
following. Thus, a greater proportion of the fish had migrated to sea in the 
same season  following their initial downstream migration among the 
females than among the males. Among the age 1 group, 9.3 percent of the 
males and 6.8 percent of the females had migrated in the same season and 
90.7 percent of the males and 93.2 percent of the females in the following; 
among the age 2 group, 93.5 percent of the males and 83.3 percent of the 
females had migrated in the same season and 6.5 percent of the males and 
16.7 percent of the females in the following; among the age 3 group, 78.9 
percent of the males and 61.5 percent of the females had migrated in the 
same season and 21.1 percent of the males and 38.5 percent of the females 
in the following. It is seen, then, that within each group a greater proportion 
of the females than of the males had migrated in the following season. 

Any definite quantitative explanation of the relation between downstream 
migration and actual entry into the ocean would involve data regarding the 
actual or proportionate numbers of marked downstream migrants that went 
to sea during the same season and during the following season, respectively. 
Such data are not available, and we know only the numbers that survived out 
of unknown numbers of such fish. 

 
TABLE 71 

 
Waddell Creek, Steelhead: Comparison of Fish Migrating to Sea in the Season of Their Initial 
Downstream Migration With Those Migrating in the Following Season, Among Marked Adult 

First Spawners, All Seasons Combined 
 

Probable age as 
downstream 

migrant 

Season of 
migration to 

sea* 

 

♂♂ 
 

♀♀ 
 

♂♂  +  ♀♀ 

Number Percentage Number Percentage Number Percentage 

 
+ 

Same 

Following 

0 
0 

-- 
-- 

0 
1 

0.0 
100.0 

0 
1 

0.0 
100.0 

 
1 

Same 

Following 

4 

39 

9.3 

90.7 

5 

68 

6.8 

93.2 

9 

107 

7.8 

92.2 
 

2 
Same 

Following 

116 

8 

93.5 

6.5 

80 

16 

88.3 

16.7 

196 

24 

89.9 

10.1 
 

3 
Same 

Following 

15 

4 

78.9 

21.1 

16 

10 

61.5 

38.5 

31 

14 

68.9 

31.1 
 

4 
Same 

Following 

1 
0 

100.0 
0.0 

0 
0 

-- 
-- 

1 
0 

100.0 
0.0 

Totals 187 -- 196 -- 383 -- 

* In relation to season of initial downstream migration. 
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However, it might be pointed out that the same results could  be  ob- 
tained whether the numbers of fish which went to sea in the season of 
their initial downstream migration and in the following season, respec- 
tively, were proportionate to the representation of the two categories 
among the adult first spawners, or greatly out of proportion to them. If 
they were proportionate to them, it necessarily means that after the fish 
within each age group had made their initial downstream migration the 
rate of mortality was the same in the fish that went to sea in the same 
season as in those that went to sea in the following season. On the other 
hand, if, for example, equal numbers of age 1 group downstream 
migrants migrated to sea in the same season and in the following 
season, but the ocean mortality was much greater than the freshwater 
mortality, there would be a much higher survival of the fish that 
migrated to sea in the season following  their  downstream  migration, 
with results among the adults corresponding to those obtained. At the 
same time, among the age 2 group, many more fish might migrate to sea 
in the same season than in the following season, with results again 
corresponding to those obtained, despite higher ocean mortality. 

Whatever the proportions of these categories among the downstream 
migrants, it is probable that the great majority of the fish in the age 1 and 2 
groups are sexually immature and that their behavior in regard to time of 
migration to sea is not governed by sexual development. It is possible that 
the fish of the age 1 group have a strong tendency to remain in the lower 
stream and lagoon in order to make use of the extremely favorable growing 
conditions to be found there, while the fish of the age 2 group,  having 
reached a size at which they can most favorably make use of the growing 
conditions (including kind and size of food) to be found in the  ocean, 
migrate to sea in the season of their downstream migration. The shift back to 
a higher percentage remaining for another season among the age 3 group 
might then be accounted for by the attainment of sexual maturity among a 
greater percentage of this group than of the age 1 and 2 groups. A 
different approach to this phase of the discussion, one that would lay the 
stress on the fundamental biology of the species rather than on the 
environmental conditions, would be to say that it is in the nature of the 
species to migrate to sea as age  2  group  fish  and  that  deviations  from 
such behavior occur  only  when  either  environmental  conditions 
(favorable or unfavorable) or  sexual  development  are strong  enough  to 
overbalance the fundamental behavior pattern. To a greater or less extent, 
this is probably what happens. When population pressure  or  other 
ecological factors cause some of the fish to migrate downstream as age 1 
group fish, these fish still have a strong tendency  to  remain  in  fresh 
water into the following season, conforming  to  their  fundamental 
behavior pattern, while those that  migrate  downstream  as  age  2  group 
fish have a strong tendency to migrate to sea during the same season. 

The fact that among the downstream migrants the age 1 and 2 groups 
form by far the largest age groups, combined with the fact that the great 
majority of the age 1 group probably remain in fresh water until the 
following season, while the great majority of the age 2 group probably 
migrate to sea in the same season, results, of course, in the fact that the 
great    majority    of    the    downstream    migrants    migrate    to    sea    as 
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TABLE 72 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), 
All Brood Years Combined 

 

 

 
Age at entry into 

ocean 

Returning as adults 

♂♂ ♀♀ ♂♂  +  ♀♀ 

Number Percentage Number Percentage Number Percentage 

+ 0 0.0 0 0.0 0 0.0 

1 4 2.1 6 3.1 10 2.6 

2 155 82.9 148 75.5 303 79.1 

3 23 12.3 32 16.3 55 14.4 

4 5 2.7 10 5.1 15 3.9 

Totals 187 -- 196 -- 383 -- 

 

fish of the age 2 group. This is shown in Table 72, from which it is seen 
that of the 383 fish under discussion, 303 (79.1 percent) had migrated to 
sea as fish of the age 2 group, 55 (14.4 percent) as fish of the age 3 group, 
15 (3.9 percent) as fish of the age 4 group, and 10 (2.6 percent) as fish of 
the age 1 group. In examining these percentages and others  previously 
noted, it must constantly be kept in mind that the discussion deals with 
percentages among returning adults, and that these percentages did not 
necessarily prevail among the downstream  marked  migrants.  This  point 
has often been overlooked or not sufficiently stressed by various 
investigators who have discussed age at time of migration  among 
salmonids. The same sequence and approximate order of magnitude for the 
different age groups migrating to sea prevails in the two sexes, although 
there may be a somewhat greater tendency for females to remain longer in 
fresh water. 

A comparison of Table 69 (probable age as downstream migrant) with 
Table 72 (age at entry into ocean) shows strikingly the differences in the 
representation of the different age groups in these two groups. Although 
the age 2 group is dominant in both cases, it is much stronger among the 
latter group. The age 1 group represents 30.3 percent of the former group, 
but slumps to only 2.6 percent in the latter one. These examples show very 
clearly how easy it would be to reach erroneous conclusions regarding 
survival by considering the downstream migrants to be equivalent to 
seaward migrants. 

Table 73 shows the number of fish in each life history category among 
the 383 marked adult first spawners. It is seen that the 2/1 fish pre- 
dominate (47.8 percent), followed strongly by the 2/2 group (31.1 
percent). The other categories are represented as follows: 3/1 (9.7 per- 
cent), 3/2 (4.7 percent), 4/1 (2.3 percent), 1/2 (1.8 percent), 4/2 (1.6 
percent), 1/1 (0.8 percent), and 2/3 (0.3 percent). It is to be noted that in 
both males and females the life history categories occur in the same 
sequence, but not in the same magnitude. In the 2/1 group the males 
predominate, while in all other categories of importance the females 
predominate. These sexual differences, borne out by the much more 
extensive   data   for   all   first   spawners,   shown   in   Table   28,   mean 
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TABLE 73 

 
Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Life History 

Categories, All Seasons Combined 
 

 

 
Age as returning 

adult 

 
Number returning as adults 

♂ ♀ ♂  +  ♀ 

 
Number 

Order 
of 

rank 

 
Number 

 
Order of 

rank 

 
Number 

 
Percentage 

Order 
of 

rank 

1/1 

1/2 

2/1 

l/3 

2/2 

3/1 

2/3 

3/2 

4/1 

3/3 

4/2 

4/3 
 

Totals 

1 

3 

105 

0 

49 

18 

1 

5 

3 

0 

2 

0 

8 

5 

1 

-- 

2 

3 

8 

4 

5 

-- 

7 

-- 

2 

4 

78 

0 

70 

19 

0 

13 

6 

0 

4 

0 

8 

6 

1 

-- 

2 

3 

-- 

4 

5 

-- 

6 

-- 

3 

7 

183 

0 

119 

37 

1 

18 

9 

0 

6 

0 

0.8 

1.8 

47.8 

-- 

31.1 

9.7 

0.3 

4.7 

2.3 

-- 

1.6 

-- 

8 

6 

1 

-- 

2 

3 

9 

4 

5 

-- 

7 

-- 
 

187 
 

-- 
 

196 
 

-- 
 

383 
 

-- 
 

-- 

 

that the males on the average mature at an earlier total age (freshwater 
and ocean years combined) than the females, as is shown more clearly in 
Table 74. The data for marked first spawners are in general agreement 
with those for all first spawners checked upstream through the  trap 
(Table 28). 

Table 74 shows the total age at maturity among the 383 fish under 
discussion. It is seen that 190 (49.6 percent) or about one-half matured 
at 3 years of age, 156 (40.7 percent) or approximately two-fifths at 4, 28 
"(7.3 percent) at  5, 6 (1.6 percent) at 6,  and 3 (0.8  percent) at 2.  The 
sequence is somewhat different in the two sexes. Among the males the 
ages occur in the following sequence: 3 (57.8 percent), 4 (35.8 percent), 
5   (4.8   percent),   6   (1.1   percent),   and   2   (0.5   percent).   Among 

 
TABLE 74 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Ages, All Seasons 
Combined 

 
Age as returning 

adult 

Returning as adults 

♂ ♀ ♂  +  ♀ 

Number Percentage Number Percentage Number Percentage 

2 1 0.5 2 1.0 3 0.8 
3 108 57.8 82 41.8 190 49.6 
4 67 35.8 89 45.4 156 40.7 
5 9 4.8 19 9.7 28 7.3 
6 2 1.1 4 2.0 6 1.6 
7 0 -- 0 -- -- -- 

 

Totals 
 

187 
 

-- 
 

196 
 

-- 
 

383 
 

-- 



 

  

 
 

Mark 

 

 
Number 
marked 

 
Number returning 

as adults 

 
N

um
be

r 
of

 
se

as
on

s*
 

 
Number returning as adults in each season 

 
First 

 
Second 

 
Third 

 
♂ 

 
♀ 

 
♂ + ♀ 

 
Per- 

centage 
 

♂ 
 

47 

10 
 

15 
 

9 
 

9 

 
♀ 

 
18 

6 
 

10 
 

4 
 

4 

 
♂ + ♀ 

 
65 

16 
 

25 
 

13 
 

13 

 
♂ 

 
17 

13 
 

19 
 

22 
 

11 

 
♀ 

 
33 

22 
 

15 
 

27 
 

25 

 
♂ + ♀ 

 
50 

35 
 

34 
 

49 
 

36 

 
♂ 

 
1 

 

1 
 

8 
 

3 
 

2 

 
♀ 

 
0 

9 
 

11 
 

7 
 

5 

 
♂ + ♀ 

 
1 

10 
 

19 
 

10 
 

7 

1933-34 
 

1934-35 
 

1935-36 
 

1936-37 
 

1937-38 

Ad-RP 

Ad-LP 

Both P 

Ad-RP 

Ad-LP 

2,454 
 

1,013 
 

3,116 
 

2,744 
 

3,352 

65 
 

24 
 

42 
 

34 
 

22 

51 
 

37 
 

36 
 

38 
 

34 

116 
 

61 
 

78 
 

72 
 

56 

4.7 
 

6.0 
 

2.5 
 

2.6 
 

1.7 

8 
 

7 
 

6 
 

5 
 

4 

 
Totals 

 
12,679 

 
187 

 
196 

 
383 

 
3.0 

 
-- 

 
90 

 
42 

 
132 

 
82 

 
122 

 
204 

 
15 

 
32 

 
47 
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TABLE 75 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Season of Marking 

Season of 
marking 

 
 
 
 
 
 
 
 
 
 
 

* Number of seasons during which upstream trap was operated following season of marking. 
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TABLE 76 
 

Waddell Creek, Steelhead: Secondary Survival of Marked Fish, by Seasons 
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Survival 

 
♂ 

 
♀ 

 
♂ 
+ 
♀ 

 
% 

 
♂ 

 
♀ 

 
♂ 
+ 
♀ 

 
% 

 
♂ 

 
♀ 

 
♂ 
+ 
♀ 

 
% 

 
♂ 

 
♀ 

 
♂ 
+ 
♀ 

 

 
% 

 
♂ 

 
♀ 

 
♂ 

+♀ 

 
% 

 
♂ 

 
♀ 

 
♂ 
+ 
♀ 

 
% 

1929-30 

Ad-RP 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

2 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 

1930-31 

Ad-RP 

Ad-LP 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
110 

-- 

 
7 

-- 

 
11 

-- 

 
18 

-- 

 
16.4 

-- 

 

-- 

1 

 

-- 

1 

 
-- 

-- 

 

-- 

1 

 
-- 
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-- 
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-- 
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-- 
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-- 
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-- 
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-- 

-- 

-- 

 
-- 

-- 

-- 

 
1,652 

-- 

-- 

 
57 

-- 

-- 

 
38 

-- 

-- 

 
95 

-- 

-- 

 
5.8 

-- 

-- 

 
-- 

27 

-- 

 
-- 

3 

-- 

 
-- 
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-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

 
-- 

-- 

-- 

-- 

1936-37 

Ad-RP 

Ad-LP 

 
1,142 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 

-- 

988 

 

-- 

10 

 

-- 

22 

 

-- 

32 

 

-- 

3.2 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

 
-- 

-- 

1937-38 

Ad-LP 
 

1,945 
 

-- 
 

1 
 

1 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 

Totals 3,820 -- 1 1 -- 4,811 43 73 116 -- 3,793 124 96 220 -- 249 19 26 45  6 1 -- 1 -- 12,679 187 196 383 -- 

% survival -- -- -- -- + -- -- -- -- 2.4 -- -- -- -- 5.8 -- -- -- -- 18.1 -- -- -- -- 16.7 -- -- -- -- 3.0¶ 

* Final mark given.   † Age at time of first marking.   ‡ One of these marked Ad-Both P (must be error; thought to have been 4/1 adult marked downstream in both 1934-35 and 1935-36 and first migrating downstream at age 3). § Complete.     # Complete except for minor age 
combinations.     ¶ Incomplete. 
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TABLE 77 

Waddell Creek, Steelhead: Marked Fish Returning (as First Spawners), by Season of Marking and Age 
 

 
Season 

of 
Marking 

 
 

Mark 

 
Total 

number 
marked 

Marked fish by ages 

+ 1 2 3 4  
Survival 

Percentage 

 
1+2 

Percentage  
Number 

 
Percentage 

 
Number 

 
Percentage 

 
Number 

 
Percentage 

 
Number 

 
Percentage 

 
Number 

 
Percentage 

1933-34 

1934-35 

1935-36 

1936-37 

1937-38 

Ad-RP 

Ad-LP 

Both P 

Ad-RP 

Ad-LP 

2,454 

1,013 

3,116 

2,744 

3,352 

3 

6 

724 

1,142 

1,945 

0.1 

0.6 

23.2 

41.6 

58.0 

687 

509 

1,481 

1,146 

988 

28.0 

50.4 

47.6 

41.6 

29.4 

1,652 

470 

820 

447 

404 

67.3 

46.4 

26.4 

16.3 

12.1 

110 

27 

88 

9 

15 

4.5 

2.7 

2.8 

0.3 

0.4 

2 

1 

3 

-- 

-- 

0.1 

0.1 

0.1 

-- 

-- 

4.7 

6.0 

2.5 

2.6 

1.7 

95.3 

96.8 

74.0 

57.9 

41.5 

Total 12,679 -- -- -- -- -- -- -- -- -- -- -- -- 
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the females the ages occur in the following sequence: 4 (45.4 percent), 3 
(41.8 percent), 5 (9.7 percent), 6 (2.0 percent), and 2 (1.0 percent). 
Analyzing  Table  74  from  a  different  viewpoint,  we  see  that  males  pre- 
dominate among the age 3 group, while females predominate in all of the 
other groups. The numbers are too small in the age 2 group to be considered 
in this connection, but among the other age groups the predominance of one 
sex or the other is in all probability real. 

An analysis of the same 383 marked first spawners according to the season 
of marking, rather than the brood year or age, yields some very interesting 
results. From Table 75 it is seen that the returns varied from 6.0 percent for 
the 1934-35 marking to 1.7 percent for the 1937-38 marking. The most 
striking feature of the returns is the inverse correlation between the number 
of fish marked and the number returning. In considering the significance of 
this phenomenon, (1) the age composition of the fish at time of marking and 
(2) an estimate of the total downstream migration during the season of 
marking should be considered. An analysis of the age composition of the fish 
at time of marking and the resulting survival to first spawning is shown in 
Table 76. We see that there is also a strong positive correlation between age 
at time of marking (initial downstream migration) and survival to first 
spawning. Since size of fish is correlated positively with age, there is also a 
positive correlation between size at time of marking (initial downstream 
migration) and survival to first spawning. Positive correlation with age (= 
size) at initial downstream migration is understandable. However, the 
survival pattern is not simple, but complex, depending upon behavior of the 
different ages considered as units following initial downstream migration 
(proportion of each age going to sea in the same season and in the following 
season, remaining to spawn in the stream or going to sea without spawning, 
returning after varying periods of time spent in the sea, etc.). 

Table 77 shows the age composition of the fish marked in each season. By 
combining the percentage of occurrence of the 1 and 2 age groups in each 
season, we obtain an approximate positive correlation between age ( = size) 
at initial downstream migration and survival to first spawning. It is possible, 
and perhaps probable, then, that the inverse correlation between number of 
fish marked and the number surviving to first spawning is only a chance one, 
dependent upon age (= size) composition of the fish given a certain mark. 

If the inverse correlation between number of fish marked and number 
surviving  has  any  significance,  one  would  logically  expect  it  to  be  so 
because the number of fish marked was also positively correlated with the 
number of fish in the total downstream migration.  An inverse correlation 
between number of fish in the total downstream migration with the number 
surviving to first spawning is more difficult to understand than a positive 
correlation between age and survival, but an explanation is possible. The 
most plausible explanation seems to be that the greater the concentration of 
fish, the more likely are predators to be attracted to them, and the 
proportionately greater are the inroads made on the fish. 

A further analysis of Table 75 shows that in no instance has  a 
marked  fish  returned  for  first  spawning  later  than  the  third  season 
following marking. Therefore, there is every reason to expect that the 
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returns for the last marking, that of 1937-38, were complete, since the 
upstream trap was operated for four seasons following. This analysis 
indicates that probably in most California coastal streams in which it is 
desired to carry out marking of stream juvenile steelhead and secure survival 
rates in terms of returning first-spawning, sea-run adults, returns should be 
sought for three seasons following season of marking, but need not be 
watched for beyond that. For each marking fewer fish have returned in the 
third season following marking than in either the first or second season. With 
the exception of the 1933-34 marking, for which the largest number returned 
in the first season, the largest number of fish have returned in the second 
season following marking. From the marking of 1934-35, which yielded the 
greatest returns, 26.2 percent of the fish returned in the first season, 57.3 
percent in the second season, and 16.4 percent in the third, while from the 
marking of 1937-38, which yielded the smallest returns, 23.2 percent 
returned in the first season, 64.3 percent in the second, and 12.5 percent in 
the third. Thus, it is seen that the pattern of return is much the same for the 
returns from the two markings which exhibited the greatest difference in rate 
of survival. 

A comparison of Table 76 with Table 20 for the silver salmon seems to 
indicate basic similarities as regards survival. The average return from the 
number marked at the same age (1) is much the same for both species (2.4 
percent for steelhead and 2.3 percent for silver salmon). Although an inverse 
correlation between the number of fish marked and the number returning 
does not follow in sequence through the five years for the silver salmon, as it 
does in the case of the steelhead, it is still true that the lowest return was 
obtained from the largest number marked and the second highest return from 
the smallest number marked. When survival is based on the estimated total 
number of downstream migrants, including both marked and unmarked fish, 
it is seen (Table 22) that an inverse correlation does exist for the four years 
for which  data are available. In  other words, it appears that  in the silver 
salmon the number of fish marked is roughly correlated with the total 
downstream migration, that the number of adults returning has a true 
relationship (inverse correlation) to the number in the downstream migration, 
and that this relationship (inverse correlation) exists between the number of 
marked downstream migrants and the number of  marked  adults  returning 
only to the extent that the marked downstream migrants form a portion of the 
total downstream migration. (A possible explanation of the inverse 
correlation has already been given.) In the case of the silver salmon the 
situation is easier to analyze than in the case of the steelhead, since the 
downstream migrants (except for a few unmarked fish of the season) in the 
former are all of one age class and all migrate to sea in the same season 
that they migrate downstream. Thus, the mark given represents not only the 
season of marking but also the age class. In the case of the steelhead, as we 
have seen, several age classes migrate "down during one season and are 
given the same mark and, conversely, fish of the same age class migrate 
down in different seasons and are given different marks. Furthermore, a 
large number of the downstream migrants do not migrate to sea until the 
following season, and some migrate upstream and make a second 
downstream  migration.  In  the  case  of  the  steelhead,  when  an  estimate 
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is made of the total downstream migration it is found that an inverse 
correlation does exist between the number of downstream migrants and the 
number of returning adults, with certain variations. It is also found that the 
number of fish marked is roughly correlated with the total downstream 
migration, which accounts for the approximate inverse correlation found 
between the number of fish marked and the number of marked adults 
returning. The variations just mentioned which occur in the case of the 
steelhead are brought about by the varying proportions of age classes, and 
consequently sizes of fish, in the total downstream migrations of different 
seasons. In other words, the phenomenon of inverse correlation of number of 
fish in the downstream migration to the number of adults returning operates, 
but is modified by the size composition of the downstream migration. Now, 
the size composition of the fish marked on the downstream migration is not 
identical with the size composition of the total downstream migration, and so 
some variation in the degree of inverse correlation may be expected in the 
two groups. The fact that a rough inverse correlation does exist between the 
number of fish marked on the downstream migration and the number of 
marked fish returning indicates (1) that there is a rough correlation between 
the number of fish marked and the total downstream migration, (2) that there 
is a rough correlation between the size-age composition of the fish marked 
downstream and of the total downstream migration, and (3) that the size-age 
composition of both the fish marked downstream and the total downstream 
migration is approximately the same. 

From the discussion of the comparable section for silver salmon (page 97) 
it has been seen that in both the salmon and steelhead there is rough 
correlation between the season of marking and the survival, when fish of the 
same age (1) are compared. In the same discussion it was also noted that 
there appears to be no correlation between the mark given and the survival 
among either the salmon or the steelhead. From Table 76 it is seen that the 
same mark used in different seasons for fish of the same age resulted in both 
high and low survivals. 

In the preceding pages we have determined the survivals from eggs 
deposited to returning adult first spawners (primary over-all survival) for the 
stream as a whole and from downstream migrants to adults returning to the 
trap for marked fish. In order also to determine the survival from eggs 
deposited to downstream migrants it is necessary to know the total number 
of downstream migrants, including those that went over the dam uncounted 
and those that were produced below the dam. 

In the case of the steelhead, all of the young fish do not migrate to the 
ocean at the same age at which they migrate downstream, so the  total 
number of downstream migrants can not be calculated simply by applying 
the ratio of marked to unmarked fish among the adults of a given brood year 
to the marked downstream migrants of the same brood year, as was done for 
the silver salmon. The calculation of the total number of downstream 
migrants must therefore be made by a less direct method. This method is 
illustrated by Tables 78 and 79. 

Table 78 shows the stream history and the survival from time of 
downstream  migration  for  the  marked  adult  first  spawners.  In  this  table 
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the adults are grouped according to age as stream fish at the time of 
migration to the ocean and then regrouped according to age at time of 
downstream migration and marking at the dam. (In the case of the marked 
adults the age at which they had entered the ocean is known from scale 
readings, and the age at which they had migrated downstream past the dam 
is known from the combined interpretation of scale readings and  marks 
used.) It is seen that of the 10 adults that had entered the ocean at age 1, 10 
percent had migrated downstream at age + and 90 percent had migrated 
downstream at age 1, and so on for the other age groups. To  calculate 
survival in the marked fish the adults are regrouped in column 8 of the table 
on the basis of age at time of downstream migration and are then shown in 
column 9 as percentages of the total number of downstream migrants of 
those ages marked at the dam. 

In  the  case  of  the  unmarked  fish  only  the  age  at  which  they  had 
entered the ocean is known. The age at which they had migrated down- 
stream  is  not  known.  However,  it  is  assumed  that  the  unmarked  fish 
entering the ocean had migrated downstream in the same proportions as 
the marked fish of corresponding ages. There are no observational or 
theoretical considerations to indicate that such an assumption is 
questionable.  Therefore,  in  Table  79  the  unmarked  adults  (taken  at 

 

 
 

TABLE 78 

Waddell Creek, Steelhead: Stream History and Survival From Time of Downstream Migration Among 
Marked First Spawners 

 

Stream history Survival 
 

To ocean 
 

Downstream 
 

Downstream 

 
Age 

 
Number 

 
Age 

 
Percentage 

 
Number 

 
Age 

 
Number 

stream fish 

 
Number 
adults 

 
Percentage 

survival 

 
 

1 
 

 
 
 

2 
 

 
 
 

3 
 

 
 
 

4 

 

10 { 
 

+ 
 

10.0 
 

1 } + 
 

3,820 
 

1 
 

0.+ 

 
1 

 
90.0 

 
9 

 

} 1 

 

 
4,811 

 

 
116 

 

 
2.4 

 

303 { 
 

1 
 

35.3 
 

107 

 
2 

 
64.7 

 
196 

 

} 2 

 

 
3,793 

 

 
220 

 

 
5.8 

 

55 { 
 

2 
 

43.6 
 

24 

 
3 

 
56.4 

 
31 

 

} 3 

 

 
249 

 

 
45 

 

 
18.1 

 

15 { 
 

3 
 

93.3 
 

14 

 
4 

 
6.7 

 
1 } 4 

 
6 

 
1 

 
16.7 

 
Totals 

 
383    

383   
12,679 

 
383  
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the trap) are arranged as were the marked fish in Table 78 as to age at time 
of entry into the ocean and then regrouped as to age at downstream 
migration in proportion to the known percentages for the marked adults of 
similar stream history. 

To calculate the number of downstream migrants that produced the 
unmarked adults it is only necessary to use the survival percentages for the 
marked fish. The number of unmarked downstream migrants (217,849) is 
then added to the number of marked downstream migrants (12,679)  to 
obtain the total production (230,528) of downstream fish which produced 
the adult first spawners taken at the trap. 

This number of downstream migrants was derived from an estimated 
7,627,000 eggs (Table 58). Survival from eggs deposited to downstream 
migrants was therefore  230,528 ÷ 7,627,000 or 3.0 percent. 

The survival figures obtained for Waddell Creek should  approach 
fairly closely the "natural" survival and mortality for the stream, since 
no angling has been carried on and since the amount of poaching  is 
thought to have been negligible. As has been noted previously, there is 
no commercial fishery for steelhead in California, but there is a con- 
siderable sport fishery in the northern part of Monterey Bay. Since the 

 

 
TABLE 79 

Waddell Creek, Steelhead: Stream History and Survival From Time of 
Downstream Migration Among Unmarked First Spawners 

Stream history Survival 
To ocean Downstream Downstream 

 
Age 

 
Number 

 
Age 

 

Percent- 
age 

 
Number 

 
Age 

Number 
stream 

fish 

Numb 
er 

adults 

Percent- 
age 

survival 
 

 
1 

 

341   { 
 

+ 
 

10.0 
 

34 } + 
 

149,880 
 

34 
 

0.+ 

1 90.0 307  

} 1 
 

40,667 
 

976 
 

2.4  

 
2 

 

1,895  { 1 35.3 669 

2 64.7 1,226 
 

} 2 

 

 
25,328 

 

 
1,469 

 

 
5.8  

 
3 

 

558   { 2 43.6 243 

3 56.4 315 
 

} 3 
 

1,956 
 

354 
 

18.1 
 
 

4 

 

42 { 
3 93.3 39 

 
4 

 
6.7 

 
3 } 4 

 
18 

 
3 

 
16.7 

Totals 2,836   2,836   2,836  

* Assumed, on basis of Table 78.   † Calculated. 
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fish caught in this fishery  are largely ripening  fish, undoubtedly  a large 
percentage of the fish would otherwise have returned to their parent stream 
to spawn, and so the fishery affects the  "natural" mortality  and survival 
rates. Just what influence this fishery has on the individual streams is not 
known. Two steelhead which were marked at Scott Creek in 1938-39 (Ad- 
RV) were taken off Capitola on October 21 and 31, 1939, but  the  total 
number of marked fish caught is not known. The number of Waddell Creek 
fish caught in this fishery probably is not large. 

Another possible source of "unnatural mortality" is the  marking  and 
other handling of the fish, both stream fish and adults. All evidence points 
to the conclusion that this is a negligible source of mortality. This evidence 
is based on (1) holding experiments conducted with marked fish at Waddell 
Creek, (2) holding experiments conducted with marked fish at other 
localities in California (especially with steelhead at the Fall Creek State 
Fish Hatchery on the Klamath River), (3) experiments conducted with the 
same lot of hatchery fish given different marks at Scott Creek, and (4) 
general observations on the behavior and mortality of marked fish liberated 
at Waddell Creek. 

One factor that may influence the calculation of survival is the presence 
in unknown  numbers  of  the offspring  of  stream fish  in  the  downstream 
juvenile    migrations.    If    the    latter    do    not    participate    in    the 

 

 
TABLE 80 

Calculated and Actual Survival for Sea-run Steelhead, If Offspring of Stream Fish Take Part in 
Downstream Migration But Do Not Go to Sea 

Marked or 

unmarked Parents Eggs Downstream Adults 

MD ME MF 

Stream 1,000 100 0 
Marked 

 

 
 
 

Unmarked 

MA MB MC 

Sea-run 100,000 1,000 100 
UA UB UC 

Sea-run 100,000 1,000 100 
UD UE UF 

Stream 1,000 100 0 

Survival  Calculated Actual 

Eggs to adults   
 

 
Downstream 
to - 
Adults 

 

 
MB + ME  :  MC  :  : UB  :  UC MB : MC : : UB : UC 

1,100  :  100 :  :   x   :  100 1,000 :   100 :  :    x     : 100 

100   x      = 110,000 100x      =      100,000 

x      = 1,100 x      =   1,000 
 

Eggs + 
to downstream 

 
Number of downstream taken from preceding 

calculation 

 
Number of sea-run downstream taken from 

preceding calculation 
 

MA + UA MB  + UB  + ME MA + UA MB  + UB 

200,000  2,100 200,000  2,000 

Categories in boxes are those whose numbers are known. Plus, minus, and check signs show whether survival to stage in 
bold face type is too great, too small, or correct. 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 235  
 

downstream migration, of course no error will result. But if the offspring of 
stream fish participate in the downstream migration to an appreciable extent 
they will affect the calculated survival rate for offspring of sea-run fish, 
whether they themselves go to sea and return as sea-run fish or not. If the 
offspring of stream fish participate in the downstream migration but do not 
go to sea, they will have no effect on the calculated survival from eggs to 
adults, will decrease the calculated survival from downstream migrants to 
adults, and will increase the calculated survival from eggs to downstream 
migrants. If the offspring of stream fish participate in the downstream 
migration and go to sea and return as adults, they will increase the calculated 
survival from eggs to adults, and also from eggs to downstream migrants, but 
will have no effect on the calculated survival from downstream migrants to 
adults. Actually, there will be an error in the latter case as well, for the 
calculated numbers of both the downstream migrants and the adults will be 
too high in terms of the eggs from which these fish were produced, although 
the survival from downstream migrants to adults will be correct. 

Tables 80 and 81 show the quantitative effects for the possible situa- 
tions described in the  preceding paragraph. In  the  tables, the ratio of 
eggs produced by stream fish to eggs produced by sea-run fish is arbi- 
trarily  taken  to  be  1:100,  and  the  survival  rates  for  the  fish  resulting 

 
TABLE 81 

 
Calculated and Actual Survival for Sea-run Steelhead, If Offspring of Stream Fish Take Part in 

Downstream Migration and Go to Sea and Return as Adults 
Marked or 

unmarked Parents Eggs Downstream Adults 

 
 
 

Marked 
 
 
 
 

Unmarked 

MD ME MF 
Stream 1,000 100 10 

MA MB MC 
Sea-run 100,000 1,000 100 

UA UB UC 
Sea-run 100,000 1,000 100 

UD UE UF 
Stream 1,000 100 10 

Survival Calculated Actual 
MA+UA MC+UC+MF+UF MA+UA+MD+UD MC+UC+MF+UF 

Eggs to adults   + 200,000 210 202,000 210 

Downstream 
to 
Adults 

 
MB+ME  :  MC+MF : : UB+UE :UC+UF 

1,100  :  110 : :   x  :  110 
110x      = 121,000 

 
 

Same as calculated 

  x      =      ,100   
 
 

Eggs 

 
Number of downstream taken from preceding 

+ calculation 

 
Number of sea-run downstream taken from 

preceding calculation 

to downstream MA + UA MB+UB+ME+UE MA+UA (MB + UB)-(ME+UE) 

200,000  2,200  200,000  2,000 

 
Categories in boxes are those whose numbers are known. Plus, minus, and check signs show whether survival to 
stage in bold face type is too great, too small, or correct. 
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from both groups of eggs are arbitrarily taken to be the same. Actually, there 
appears to be no way of knowing either the numbers present or the survival 
rate, since the offspring of stream fish were not distinguished from those of 
sea-run parents (except as scattered individual fish) among the downstream 
migrants and returning adults during the experiments. However,  the 
direction, although not the magnitude, of the effects on the calculated 
survivals will be the same, whatever the numbers of stream fish in the 
migrations and whatever their survival rate. 

As outlined above, there appears to be no way of knowing whether 
offspring of stream fish are present or absent in the downstream and 
upstream migrations nor their numbers and survival rates if they are present. 
However, a picture of the situation as it is thought to exist is here presented, 
on the basis of various observations and more or less indirect evidence for 
Waddell Creek and other streams. 

Of the fish resulting from eggs deposited from sea-run steelhead, a large 
proportion migrate downstream and thence to sea, either in the same season 
or the following one, as previously discussed. Others, composed  of  both 
males and females, mature sexually in the stream and spawn. Probably a few 
stream males fertilize the eggs of some sea-run females (it is definite that 
they are capable of doing so), while it is doubtful that any—or more than a 
negligible number—of stream females are fertilized by sea-run males. Of the 
fish resulting from the spawning of stream fish which were the offspring of 
sea-run parents, some probably go to sea and others remain to spawn in the 
stream, but whether in the same proportions as the offspring of sea-run 
parents or not is not known. Of the stream parents that were the offspring of 
sea-run fish, some probably then go to sea and return as sea-run fish, while 
others remain in the stream for additional spawnings. In addition, in Waddell 
Creek and other coastal streams there are probably one or more populations 
(races, strains) of resident fish which are largely nonmigratory (especially 
insofar as going to sea is concerned). In Waddell Creek, such a population 
exists above the main falls in the East Branch, which are impassable to sea- 
run steelhead. Whether or not any of the members of such populations 
migrate to sea and return as sea-run fish is not known. Whether or not any of 
the members of such populations participate in spawning with sea-run fish or 
stream fish that are the offspring of sea-run parents also is not known, but 
probably some do, especially with stream fish that are the offspring of sea- 
run parents. Probably at least some of the offspring of such "crosses" go to 
sea, while others remain to spawn in the stream without going to sea, but in 
what proportions is not known. 

Although the spawning seasons for both sea-run and stream steelhead 
are quite long, even in such a small stream as Waddell Creek, the great 
bulk of the sea-run fish and stream fish that are the offspring of sea-run 
fish spawn at a different time (earlier) than the resident fish. This is 
determined as much or more by stream conditions, especially tempera- 
tures, as by any inherent factors in the populations. That is, the majority 
of the resident fish are in the upper reaches of the streams, where cooler 
temperatures prevail, while the majority of the  sea-run  fish  and 
offspring of sea-run fish are in the lower reaches of the streams, where 
the  water  is  warmer.  Thus,  even  though  the  members  of  the  different 
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populations would otherwise interbreed, there is a strong tendency for them 
to be kept apart in spawning both from the standpoint of time and spawning 
localities. 

The interbreeding of the different populations, of minor extent but varying 
in amount from year to year, probably further accentuates the variability in 
the life history pattern of the steelhead that occurs not only within one year 
class but also from one year class to another. Thus, there is a constant 
interplay of the forces of inheritance and environment. In streams in which 
stocking is being carried on, especially stocking with fish from other 
streams, the variability of the life history pattern is further accentuated 
through the addition and at least partial integration of the stocked fish. 

From the above discussion it is clear that we can not think of the total 
steelhead population in a stream or stream system as a static thing, to which 
simply numbers are added or subtracted through fishing, stocking, natural 
propagation, etc., but as a dynamic whole in a constant state of flux. 

In the discussion of the preceding pages of the present section, we have 
discussed primary over-all survival from egg to downstream migration and 
from downstream migration to return as adults. In preceding sections we 
learned something of the survival from egg to hatching and from hatching to 
emergence from the gravel, on the basis of data derived from certain 
experiments, work done in other streams, and general observations (not 
strictly quantitative) on the emergence of fish from the gravel at Waddell 
Creek. In summing up, it may be stated that the percentage of eggs fertilized 
is high and constant, while the percentages hatching and emerging from the 
gravel (the two may be quite different) probably vary considerably  from 
season to season as well as within a season. These percentages are probably 
influenced most of all by the amount of silting due to floods and by the 
destruction of the redds through their re-utilization by newly arrived 
spawners. Under favorable conditions the percentages of eggs hatching and 
fish emerging from the gravel may both be quite high, but even when they 
are low the number of fish emerging from the gravel is vastly greater than 
the number surviving to time of downstream migration. Among the fish 
making their initial downstream migration, some go to sea in the  same 
season and some in the following season. The proportion behaving in each 
manner is correlated primarily with age and secondarily with sex. Of those 
that go to sea in the following season, some make an upstream migration and 
then a second downstream migration before going to sea, while others spend 
the time in the lagoon near the mouth of the stream. Whether the fish go to 
sea in the same season or the following season, the survival from time of 
initial downstream migration to adult first spawning is correlated positively 
with age (and therefore size) at time of downstream migration, varying 
from almost zero survival for fish migrating down at age + to  18.1 
percent survival for those migrating at age 3. The normal survival from 
time of initial downstream migration to adult first spawning for any year 
class, migrating downstream over the course of several years, is probably 
in the neighborhood of between 3 and 4 percent. There apparently also 
exists a negative correlation between  the  numbers  of  fish  migrating  to 
sea  and  the  rate  of  survival.  It  probably  operates  on  the  principal  that 
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the greater the numbers, the greater proportionately are the inroads made by 
predators. If it is a generally operative principle, it is undoubtedly modified 
by the age composition of the migration to sea, and the latter probably 
exercises a greater influence than does the number of fish. In general,  it 
appears that survival to various stages of life history follows essentially the 
same pattern in the various species of trout and salmon and that usually local 
conditions (amount of silting, character of bottom, size of spawning run, and 
spawning runs of other species of salmonids present) play a more important 
role than do the factors peculiar to the species involved. 

So far, the discussion of survival has dealt only with primary survival, 
i.e.,  survival  to  first  spawning.  It  is  also  of  interest  and  practical 
significance in fisheries management to consider secondary survival, i.e., 
survival following spawning. Here again we shall deal with survival 
among sea-run fish, since it is only for them that we have quantitative 
data.36

 

From a viewpoint of fisheries management, we desire to know what 
percentage of sea-run steelhead survive to spawn more than once under 
normal and optimum conditions, in order to know what efforts should be 
expended to enable spent adults to reach the sea. If the number of fish 
that would return to spawn for a second time or more is sufficiently large 
to warrant  such  efforts,  they could be  directed  toward  (1)  greater 
protection of spent fish in the streams, by (a) maintenance of flow and 
screening of diversions in  streams in  which diversions and dams exist, 
(b) protection against predators, and (c) legislation, and (2) greater 
protection by more careful handling at egg collecting stations. 

From Table 57 it is seen that the percentage of fish returning to spawn for 
a second time or more varies considerably from season to season. Among the 
fish taken in the upstream trap, it has varied from 2.6 (1934-35) to 24.6 (1937-
38) percent for the males and from 5.1 (1934-35) to 34.4 (1941-42) 
percent for  the females. Averages for  the nine  years are 13.9 percent for 
males, 20.0 percent for females, and 17.1 percent for males and females 
combined. In other words, in the spawning run approximately  one fish in 
seven among the males, one fish in five among the females, and one fish in 
six among males and females combined is returning to spawn for a second 
time or more. The percentage of females returning to spawn for a second 
time or more is higher than that of the males in seven out of the nine years, 
so the higher secondary survival among females is apparently  real (the 
sex ratio among the first spawners has been shown to be approximately 
1:1). At first thought, this may appear to be somewhat surprising, since it 
might be expected that the spawning and redd building act  would  be 
harder on the females than the males and since among the first spawners 
the males on the average are younger than the  females.  However,  the 
males are believed to serve more than one female and so in the end not 
only exhaust themselves more but also remain in the stream longer, thus 
lessening their chances of survival. At least theoretically, an excess of 
males over females in a given season, including repeat spawners, should 

 

36 
Scales  of  various  stream  fish  examined  at  Waddell  Creek,  including  both  upstream  and  downstream 

migrants, show that some of them spawn more than one time, but no attempt has been made to 
analyze these data. 
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increase the number of male repeat spawners in the following season, and a 
reverse situation should have the reverse effect. At Waddell Creek, the 
difference in sex ratio in any season probably has not been great enough to 
prove this theory, if it is true. In support of this theory, it might be pointed 
out that the two seasons of greatest excess of females over males (1933-34 
and 1938-39) were followed by seasons in which the lowest percentages of 
repeat spawners were obtained among the males, and that the one season of 
marked excess of males over females (1940-41) was followed by the second 
highest percentage of repeat spawners among the males. At the same time, it 
will be noted that the 1934-35 and 1939-40 seasons were also the ones with 
the lowest percentages of female repeat spawners, and that in general seasons 
with a high percentage of repeat spawners for one sex are also seasons with a 
high percentage of repeat spawners for the other sex, and that seasons with a 
low percentage of repeat spawners for one sex are also seasons with a low 
percentage of repeat spawners for the other sex. It appears, then, that 
environmental conditions existing at the time of first spawning, or occurring 
between the time of first spawning and second spawning, exercise a greater 
influence than does the sex ratio at first spawning, although the sex ratio, in 
line with the theory advanced, may be a contributing factor. 

What  are  the  factors  that  have  caused  poor  or  good  survival  of  first 
spawners  at  Waddell  Creek,  where  fishing  and  diversions  of  water  have 
played  no  part  or  at  most  a  very  minor  role?  A  plausible  explanation  is 
readily found for the two low survivals. In 1933-34 the disease called 
furunculosis was extremely severe, and may well have  accounted  for  the 
small number of repeat spawners in the following season. In 1938-39 the 
precipitation was light and water conditions very poor, and these conditions 
may well have resulted in the small number of repeat spawners in the 
following season. 

 
 

Diseases 

 

Pathology 

The occurrence of disease among trout and salmon under natural and 
artificial conditions was discussed in the comparable section on silver 
salmon (pages 101-102). 

Some  mortality,  especially  among  adults,  has  resulted  at  Waddell 
Creek during the course of the experiments from some form or strain of 
furunculosis, which is caused by a bacterium, Bacillus salmonicida. J. H. 
Wales of the department made cultures of the bacteria from kidney blood 
of dead and dying adult steelhead in Waddell Creek  in  February  and 
April, 1934. Frederic Fish of the U. S. Fish and Wildlife Service also 
examined adults at Waddell Creek and tentatively confirmed the 
identification of the disease. Although the symptoms caused by the 
disease at Waddell Creek are not entirely typical of those present among 
salmonids in the British Isles, it appears that the disease organism is at 
least closely allied to the form found there, and so will be referred to as 
"furunculosis" in the present paper. 

Furunculosis  as  manifested  at  Waddell  Creek  is  not evident  among 
the  adult  steelhead  in  the  early  fish,  but  appears  around  February  or 
March, perhaps associated with higher water temperatures. Some of the 
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fish show boils and lesions along the sides of the body, and bleeding at 
the vent, while others die without exhibiting external signs of the 
disease. The kidneys have an abnormal appearance  in most of the fish 
examined. 

As stated previously, the relationship of the form of furunculosis 
present in Waddell Creek to that found in the British Isles, and also to 
other strains along the Pacific Coast, is not yet entirely clear. Neither is 
it known whether the disease is indigenous to the Pacific Coast or was 
introduced from some other area. Snyder (1914) noted that "The  dead 
bodies of large steelheads were occasionally seen in Uvas, Arroyo Seco, 
the Nacimiento Creeks" (tributaries of the Pajaro and Salinas rivers, 
tributary to  Monterey Bay), but the  cause of  death is  not  known. Out- 
breaks of the disease occurred regularly in the steelhead held in the tanks 
at the Scott Creek Egg Collecting Station at least  since  the  spring  of 
1932, appearing about the same time as at Waddell Creek. 

Wales and Berrian (1937) found  that fingerlings of Scott  Creek 
steelhead and silver salmon, Klamath River steelhead, eastern  brook 
trout from Mt. Whitney Hatchery, and brown trout from Mt. Shasta 
Hatchery were all susceptible to one strain of furunculosis (from eastern 
brook trout from Mt. Shasta Hatchery). This strain was introduced into 
the food of these fish, which were held together  in  a  pond  at  the  Big 
Creek Hatchery, on August 14, 1936. During the course of the disease, 
which ran approximately 70 days, the losses ranged from 98 percent for 
the eastern brook trout to 50 percent for the brown trout. Although the 
different lots were not  equally  susceptible,  the  authors  correctly  point 
out that differences due to age, fin rot, or some other predisposing 
influence may have played a part. 

At Waddell Creek many of the adults have succeeded in  spawning 
before succumbing to furunculosis, but some mortality has occurred 
among unspawned steelhead, particularly during the 1933-34 season, 
when 161 dead adults in all were found. It is estimated that 17 females 
died without spawning during this season. In all other seasons mortality 
is believed to have been very much less, although variations in water 
conditions prevented uniformity in searching for fish. Estimates of the 
numbers which died without spawning or spawned only  partially  were 
made for each season and considered in calculating egg production and 
survival. 

Abnormal mortality among adults, such as that caused by furunculosis 
in  1933-34,  of  course  results  in  abnormally  low  numbers  of  repeat 
spawners in subsequent seasons. Thus, in 1934-35 the number of repeat 
spawners was the lowest on record, a further indication that mortality in 
1933-34 was correctly assessed as being the heaviest during the course of 
the experiments. 

The extent of losses from furunculosis among the stream steelhead is 
not known exactly, but is not believed to have been nearly as severe as 
among adults. Observations on the stream have not shown large numbers 
dead in the stream at any time. Only occasional fish  among  the 
downstream migrants have possessed red spots on the body  (usually  at 
the bases of the fins) or shown other external  signs  of  disease. 
Particularly    in    1933-34    many     of    the    downstream    fish    bled 
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abnormally when a pectoral fin was clipped off in marking; it is possible 
that furunculosis played a part in this, but this is not known definitely. 

It was pointed out in the comparable section on silver salmon  that 
during the 1933-34 season an abnormally large number of dead fish, 
including juvenile silver salmon, adult and stream steelhead, sculpins, and 
sticklebacks, were found, but that absence of external signs of disease or 
injury made assessment of mortality to different causes very difficult. It 
was also noted that during the same season an abnormally large number of 
other animals, mostly rodents, was found dead in the stream, but that their 
relation to the dead fish was not known. 

Fungus (Saprolegnia parasitica) is present in all or practically all trout 
and salmon streams; it is a secondary infection which gains a foothold on 
breaks in the skin caused by mechanical injury or disease. Under normal 
conditions it does not  cause much damage  to salmonids in their natural 
environment. 

As a rule many of the downstream  migrants, especially yearlings and 
older fish, possess from a few to many cysts under the skin on the sides of 
the body, but otherwise appear to be in good condition. These cysts, which 
appear in the form of blackish spots, are formed by  encysted  strigeid 
larvae (Trematoda). 

The upstream stream steelhead also not infrequently possess cysts. For 
example, in 1934-35 out of 28 upstream fish examined (December 3- 
February 23, size range 93-254 mm.) 19 possessed cysts, especially on the 
caudal fin. 

Freshwater copepods are found attached to many of the downstream 
migrants, but apparently cause no serious damage. Apparently  these 
copepods are specific, being found much more frequently on the steelhead 
than on the salmon migrating downstream at the same time. The species 
found in Waddell Creek has been identified as Salmincola californiensis 
Dana by Charles B. Wilson. In the stream fish it is found most commonly 
attached to the bases of the fins, especially the pectorals and dorsal. 
Occasional specimens may be found attached to almost any part of the fish, 
including the ventrals, adipose, head, branchiostegal membranes, and gills. 
Usually not more than one or two are found on a fish. On adults which 
have remained in the stream for some time following spawning, copepods 
may be found in much larger numbers. Steelhead which have summered 
over in Waddell Creek have been found with copepods swarming in the 
mouth and on the gills. Their prevalence in the mouths of such fish 
evidently results from the cessation of feeding  by  the  fish. 
Circumstantial evidence is strong that these copepods die when the fish 
reach salt water, since no adult steelhead (or salmon) returning from the 
ocean with these parasites have been encountered. Another species of 
freshwater copepod, Salmincola falculata, has been taken from an adult 
steelhead from Shackleford Creek, tributary of Scott River, in Northern 
California (identification by Charles B. Wilson). 

Marine copepods ("sea lice") probably occur on adult fish entering the 
stream, but have never been found on any of the fish by the time that they 
have reached the dam. 
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Nematodes (unidentified) were sometimes extruded along with  eggs 
from adults during the course of spawning operations at the Scott Creek 
Egg Collecting Station. These probably also occur in the fish at Waddell 
Creek, but have not been recorded from there. They are not known to do 
particular damage to the fish. 

Diseases or parasites other than those noted above have not been 
observed in the steelhead at Waddell Creek, but have been noted among 
fish in other California coastal streams, particularly in association with 
unfavorable environmental conditions. For example, during periods of 
exceptionally hot weather (water  temperatures  reaching  80-85  degrees 
F.) mass mortality of varying severity occurs almost every year among 
the juvenile steelhead in portions of the Eel River system in Northern 
California. Many of the affected young steelhead turn a pale yellow, due 
to loss of black pigment, and stand out clearly in the water. Parasites 
commonly found on these fish are the following four (identifications by 
J. H. Wales): Ichthyoptherius sp.; bacterium in the mouth (not identified) 
; fin rot (one or more bacteria, not identified) ; and Lernaea sp. (anchor 
parasite). Losses occurring in July, 1938, were particularly severe and were 
described in detail by Wales (1938). It is of interest that furunculosis has not 
been observed in connection with these outbreaks. 

Two other instances of Lernaea attacking Salmo gairdneri in natural 
waters or reservoirs in California are known to the present writers. In July, 
1943, C. E. Holladay and the writer collected infested specimens at the head 
of Stevens Creek Reservoir, Santa Clara County. Previously A. C. Taft had 
observed Lernaea to be common on trout in Little Rock Reservoir, Los 
Angeles County. (The parasite attacks many other species of fishes in 
natural waters in California.) 

Lampreys, which sometimes cause damage when they attach themselves 
to fish, do not occur in Waddell Creek. 

As in the adult silver salmon, fish that were blind or partially blind in 
one or both eyes, as evidenced by opaqueness of the eye, were fairly 
common among the adult steelhead but were met with only rarely among 
the juveniles. Consideration is here given only to fish in which no 
mechanical injury to the eye was apparent. The writers believe that such 
opaqueness often, if not usually, is the result of fish scraping the eye after 
entering fresh water, e.g., in leaping falls, passing through log jams, 
spawning, or being handled in nets at traps. This condition has been noted 
frequently at various egg collecting stations, especially when the fish had 
been handled in dip nets made of seine material with prominent knots. 

The records at Waddell Creek indicate that the diseases encountered, 
including the external parasites, have not been associated with size of fish, 
within an age class. 

At Waddell Creek there has been no known loss of steelhead because of 
high temperatures or lack of oxygen. 

 
Teratology 

Deformities are rare among trout and salmon in their natural environment, 
and this general rule has held good at Waddell Creek. Of particular interest 
are abnormalities of the fins, because of their relation to marking programs. 
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Although abnormal or naturally missing fins were watched for in all 
seasons among the downstream migrants, it is possible that a few were 
missed. No fish with fins completely missing were recorded, however, and 
only on rare occasion one with an atrophied or partially missing fin. The 
occurrence of salmonids with missing fins in other streams and the relation 
of naturally missing fins to  marking programs has been discussed in the 
comparable section on silver salmon. 

The occurrence of missing and deformed fins among adult fish was 
somewhat greater than among juveniles, principally due to  injuries  to 
these fins that had taken place at sea.  Several  fish  with  the  adipose  or 
other single fins missing were encountered. Since in each case the pos- 
sibility existed that the fish was one in which another fin had been missed 
in the course of marking at Waddell or Scott creeks, or a hatchery  fish 
whose fin had been destroyed by disease (this applies particularly to the 
dorsal being destroyed by Gyrodactylus or fin rot) or bitten off by another 
fish, no record of such fish is presented in this paper. 

Deformities of the body, like abnormalities in the fins, are rare among 
salmonids   in   their   natural   environment,   Occasionally   steelhead   with 
deformed upper or lower jaws have been taken among the juveniles and the 
adults.  Trout  with  various  deformities  are  much  more  common  among 
hatchery fish, but such fish rarely survive to return as sea-run spawners. 

 
Food 

One of the greatest difficulties in analyzing the food of steelhead in 
coastal streams lies in the fact that usually the investigator is not able to 
distinguish individuals of sea-run stock from those  of  resident  stock. 
Idyll (1942), studying steelhead,37 Cutthroat Trout (Salmo clarki), and 
brown trout 25.4-50.8 cm. (10-20 inches) long in the Cowichan River, 
British Columbia, found that fish formed an insignificant proportion of 
the food of the steelhead, but were an important item in the food of the 
brown trout and an exceedingly important item in the food of the 
cutthroat trout. Among the fish of the size listed, individuals consuming 
fish were as follows: of 104 steelhead, 4 (3.8 percent) ; of 37 cutthroat 
trout,    29    (78.3    percent)    ;    and    of    67    brown    trout,    39    (58.4 

 
 

37 The  author  lists   these  fish  by  the  scientific  name  "Salmo  gairdneri,"  but by  the common name 
"rainbow trout". 

 
TABLE 82 

Waddell Creek, Steelhead: Foods Consumed by 22 Stream Fish * 
 

 
Class of food 

 
Total number 

present 

 
Percentage of 

total 

Trichoptera (Caddisflies) 557 50.5 
Diptera (True flies) 400 36.3 

Hemiptera (True bugs) 56 5.1 

Coleoptera (Beetles) 53 4.8 

Hymenoptera (Ants, bees, wasps) 13 1.2 

Miscellaneous 23 2.1 

Total 1,102  
* Taken August 9, 19, 1933. Average length. 4 inches; maximum, 6.9 inches; minimum, 2.6 inches. 
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percent). If such differences exist between species and are significant, the 
possibility exists that differences, although perhaps of not equal magnitude, 
also exist between migratory and nonmigratory races or strains of steelhead 
in the same stream. In the present state of our knowledge it is necessary to 
consider foods eaten by fish listed as Salmo gairdneri by the authors on an 
equal basis, unless the author specifically notes that the fish which he studied 
were nonmigratory. 

Several data on the food of steelhead in Waddell Creek are available. 
Table 82 is based on data from Needham (1934a). 
Of the 557 Caddisflies eaten, only one was eaten in the adult stage, at the 

surface of the water. All the rest were taken as larvae or pupae below the 
water surface, where they normally live in their immature stages. 

Shepherd (1928) found that 55 steelhead from Waddell Creek had eaten 
the items listed in Table 83. 

It will be seen from this table that Caddisflies, as in the case of the fish 
cited by Needham, form the dominant food. Of the 1,615 Caddisflies eaten, 
all but two were in the larval stage. It is of interest that 71 percent of all the 
insects found in the 55 stomachs were larvae belonging to the genus 
Notidobia, larvae living in small cornucopia-shaped cases.  As  Shepherd 
(loc. cit.) states: "Their great abundance may be accounted for in the 
following manner: (1) The larvae have a general distribution and are very 
abundant along the whole length of Waddell Creek; (2) the larvae are 
typically bottom feeders and as a result may easily be taken into the mouths 
of the fishes; (3) the larvae are protected by a type of portable case which 
may easily be swallowed; (4) ordinarily the larvae are gregarious, feeding in 
groups, either in the shallow or deep water." 

 
TABLE 83 

Waddell Creek, Steelhead: Foods Consumed by 55 Stream Fish 
 

 
Class of food 

 
Total number 

present 

 

Percentage of 
total number of 

organisms 

 

Percentage of 
total number of 
insects (2,135) 

Trichoptera (Caddisflies) 1,615 43.5 75.6 
Diptera (True flies) 393 10.6 18.4 
Hemiptera (True bugs) 22 0.6 1.0 
Homoptera (Leafhoppers) 10 0.3 0.5 
Coleoptera (Beetles) 24 0.6 1.1 
Plecoptera (Stoneflies) 39 1.1 1.8 
Ephemeroptera (Mayflies) 24 0.6 1.1 
Odonata (Dragonflies) 1 + + 
Hymenoptera (Ants, bees, wasps) 6 0.2 0.3 
Corrodentia (Psocids) 1 + + 
Arachnida (Water mites) 7 0.2 
Isopoda (Isopods) 1,046 28.0 
Amphipoda (Amphipods) 424 11.4 
Nemathelminthes (Roundworms) (probably parasitic) 91 2.5 

Salmon eggs 35 -- 

Total 3,738  
* Fish taken October 16, 1926 (2), July 2, 1927 (12), July 4, 1927 (12), December 27, 1927 (5), January 7, 

1928 (10), January 8, 1928 (13), and January 9, 1928 (1). Average length, 16.9 cm.; maximum, 41.7 
cm.; minimum, 10.1 cm. (The 41.7 cm. fish may have been a sea-run individual; the next largest fish 
was 25.2 cm. long.) 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 245 

 

 
STEELHEAD AND SILVER SALMON LIFE HISTORIES 245 

TABLE 84 

Waddell Creek, Steelhead: Foods Consumed by 28 Upstream Stream Fish, 1934-35 
 

 
Fish number 

 
Length 
in mm. 

 
Salmon eggs 

 
Diptera (true 

flies) 

Ephemer- 
optera 

(mayflies) 

Neuroptera 
(dobson 

flies) 

 
Plecoptera 
(Stoneflies) 

Trichoptera 
(Caddis- 

flies) 

 
Isopoda 

 
Diplopoda 

 
Debris 

 
Empty 

5 146 -- -- -- -- -- 1 -- -- -- -- 
6 143 -- -- -- -- -- 25 -- -- -- -- 
7 118 -- -- -- -- 1 11 -- -- -- -- 
8 115 -- -- 19 -- 2 9 -- -- + -- 
9 111 -- -- -- -- -- 1 -- -- -- -- 
10 142 -- 6 1 -- -- 7 -- -- -- -- 
11 134 -- -- 1 -- -- 1 -- 1 -- -- 
12 128 -- -- -- -- -- 14 -- -- -- -- 
13 206 3 -- -- -- -- 3 -- -- -- -- 
14 103 -- 1 2 -- 1 16 -- -- -- -- 
15 127 + -- --  -- -- -- -- -- -- 
16 139 5 -- --  -- 6 -- -- -- -- 
17 141 -- -- -- -- -- 35 -- -- -- -- 
18 102 + -- 1 1 -- 1 -- -- + -- 
19 131 -- -- -- -- -- + -- -- -- -- 
20 200 -- -- --  -- -- -- -- -- X 
21 254 -- -- --  -- 4 -- -- -- -- 
22 115 -- -- -- -- -- -- 1 -- -- -- 
23 171 + -- -- -- -- + -- -- -- -- 
24 119 -- -- -- -- -- 1 -- -- + -- 
25 124 5 -- -- -- -- -- -- -- -- -- 
26 129 -- -- -- -- -- + -- -- -- -- 
27 126 + - -- -- -- -- -- -- -- -- 
28 141 + -- -- -- -- -- -- -- -- -- 
29 179 -- -- -- -- -- -- -- -- -- X 
30 252 -- -- -- -- -- -- -- -- -- X 
31 251 12 -- -- -- -- 6 -- -- .. -- 
32 93 -- -- 1 -- -- 1 1 -- -- -- 

Number of times item occurred 9 2 6 1 3 20 2 1 3 3 
Number of each item 25 + 7 25 1 4 141 + 2 1   



 

246 FISH BULLETIN NO. 98 

 
TABLE 85 

Analysis of Food of Steelhead From the Cowichan River System, British Columbia, Arranged According to Size of Fish and Types of Organisms Eaten 
 

 

 
 

Length 
In cm. 

Aquatic Terrestrial  
 
 

Fish 

 
 
 

Fish Eggs 

 N
um
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te
ra

 

 Si
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ii
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 E
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na
ta

 

 H
yd
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 A
m

ph
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od
a 
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a 
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s 
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op
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ra
 

 
H
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op
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ra
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nd

 
H
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ip

te
ra

 

 Fo
rm

ic
oi

de
a 

 Is
op

te
ra

 

 M
is

ce
lla

ne
ou

s 

0- 5 12  A 6 2 193 15 2 -- -- -- -- -- -- 4 -- -- -- -- -- 

 B 2.7 | 0.9 86.5 6.7 0.9 -- -- -- -- -- -- 1.8 -- -- -- -- -- 

 C 33.3 8.3 91.6 91.6 16.6 -- -- -- -- -- -- 16.6 -- -- -- -- -- 

 
5-10 

 
3    A 

 
1 

 
2 

 
23 

 
6 

 
32 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 B 1.6 3.1 36.0 9.4 50.0 -- -- -- -- -- -- -- -- -- -- -- -- 

 C 33.3 33.3 100.0 100.0 100.0 -- -- -- -- -- -- -- -- -- - -- -- 

 

10-15 
 

48  A 
 

379 
 

500 
 

11 
 

61 
 

11 
 

-- 
 

-- 
 

2 
 

-- 
 

10 
 

4 
 

-- 
 

10 
 

-- 
 

3 
 

16 
 

-- 

 B 37.1 48.9 1.0 5.9 1.0 -- -- 0.2 -- 1.0 0.3 -- 1.0 -- 0.2 1.5 -- 

 C 85.5 31.4 18.5 27.0 12.5 -- - 2.5 -- 9.0 8.0 -- 6.0 -- 6.0 4.0 -- 

 
15-20 

 
55  A 

 
346 

 
37 

 
13 

 
40 

 
40 

 
2 

 
8 

 
3 

 
13 

 
-- 

 
12 

 
7 

 
196 

 
6 

 
7 

 
3 

 
-- 

 B 48.4 4.9 1.7 5.1 5.1 0.2 1.0 0.4 1.7 -- 1.6 0.8 27.6 0.8 0.8 0.4 -- 

 C 82.7 25.0 11.5 34.0 34.0 3.8 5.7 5.7 3.8 -- 17.3 7.6 28.7 3.8 5.6 3.8 -- 
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-- 

 
1 

 
88 

 
-- 
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-- 

 B 3.4 85. 1 0.5 0.3 0.2 0.1 -- -- 1.3 -- 3.1  5.3 0.3 -- -- -- 

 C 86.6 60.0 36.6 13.3 16.7 23.3 -- 3.3 10.0 -- 30.0 16.7 36.7 3.3 13.2 3.3 -- 

 
25.5-30.5 

 
32  A 

 
727 

 
2,994 
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16 
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-- 

 
-- 
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-- 

 
748 

 
-- 

 
13 

 
4 

 
-- 

B 16.0 66.0 0.1 0.3 0.5 -- __ -- 1.2 0.1 0.4 -- 14.3 -- 0.3 -- -- 

C 78.1 37.5 12.8 25.0 18.7 3.0 -- -- 12.5 9.0 25.0 -- 31.0 -- 27.3 6.0 -- 
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TABLE 85 
Analysis of Food of Steelhead From the Cowichan River System, British Columbia, Arranged According to Size of Fish and Types of Organisms Eaten 
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30.5-35.5 18  A 401 3,720 33 15 11 4 -- -- 51 2 122 -- 49 -- 14 -- 1 

 B 9.0 84.0 0.7 0.2 .03 0.1 -- -- 1.1  2.7 -- 1.0 -- 0.3 -- -- 

 C 72.1 55.5 33.0 22.0 37.7 16.5 -- -- 16.0 11.0 27.7 -- 44.0 -- 55.0 -- 5.5 

 
35.5-40.5 

 
8  A 

 
209 

 
1,774 

 
40 

 
2 

 
18 

 
-- 

 
-- 

 
-- 

 
74 

 
1 

 
-- 

 
-- 

 
-- 

 
6 

 
-- 

 
5 

 
33 

 B 11.4 81.9 1.8 -- 0.8 -- -- -- 3.4 -- -- -- -- 0.3 -- 0.2 1.5 

 C 37.5 25.0 25.0 25.0 12.5 -- -- -- 12.5 12.5 -- -- -- 12.5 -- 12.5 12.5 

 
40.5-45.5 

 
9  A 

 
109 

 
5,208 

 
8 
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-- 
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-- 

 B 1.9 96.7 0.1 0.3 .02 -- -- -- -- -- -- -- 1.1 -- -- -- -- 

 C 100.0 66.6 44.4 33.3 22.2 -- -- -- 11.1 -- 22.2 -- 11.1 -- 22.2 -- -- 

 
45.5-51.0 

 
5  A 

 
24 
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-- 

 
-- 

 
6 

 
-- 

 
-- 

 
-- 

 
3 

 
-- 

 
1 

 
-- 

 
14 

 
-- 

 
-- 

 
-- 

 
-- 

B 3.1 93.6 -- -- 0.8 -- -- -- 0.4 -- 0.1 -- 1.8 -- -- -- -- 

C 40.0 40.0 -- -- 40.0 -- -- -- 40.0 -- 20.0 -- 40.0 -- -- -- -- 

A = total number of organisms eaten; 
B = percentage of total number eaten; 
C = percentage of stomach containing this organism. 
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It will be noted that although in the case of the fish cited by Needham all 
forms other than insects formed only 2.1 percent of all items eaten, in the 
case of the fish cited by Shepherd isopods (pill bugs) formed 28.0 percent of 
all the organisms and amphipods 11.4 percent. This difference emphasizes 
the fact that conclusions regarding the food of steelhead in a given stream 
must be based on adequate sampling, which takes into account the time of 
year, size of fish,  sexual development of fish, locality in the stream, and 
method of capture and preservation. In regard to the latter point, it is not 
improbable that mayflies are represented in the food of the Waddell Creek 
steelhead much more strongly than is indicated by Shepherd's  analysis, 
which is based on fish caught by angling and not preserved immediately. 
This statement is based on the great abundance of mayflies at Waddell Creek 
and their tendency to be digested quickly. The 35 salmon eggs were eaten by 
14 fish caught on January 7 and 8, 1928; the maximum number of eggs in a 
single stomach was five. Since all of these fish were caught on Tyee (salmon 
egg clusters), it appears possible that at least some of the eggs were 
preserved ones used for bait. Shepherd makes no statement in this regard. 

Chapman and Quistorff (1938) examined the stomach contents of 819 
steelhead 32 to 240 mm. in length collected from various portions of the 
north central Columbia River drainage in 1937 (May 14 to October 2) and 
1938 (May 1 to October 29). The organisms contained formed a wide 
variety, comprising 11 orders of insects, two orders of arachnids, annelid 
worms, crustaceans, mollusks, and fish, as well as some vegetable matter. 
However, insects formed the great bulk of the foods eaten. Among the 
insects, the nymphs and larvae of stoneflies, mayflies, dragonflies, and 
caddisflies, "although everywhere abundant in the streams", were not well 
represented in the stomachs. A considerable amount of the insect food was 
composed of purely terrestrial forms which had fallen into the water. Only 
five fish, none of which was a salmonid, were found in the 819 stomachs, 
despite the abundance of various small fishes in the streams. 

The stomach contents of 27 stream steelhead taken in the upstream trap at 
Waddell Creek during the 1934-35 season are listed in Table 84. 

It will be seen from this table that caddisflies, as in the cases of the fish 
cited by Needham and by Shepherd, were the principal food eaten  and 
formed over 50 percent of the items. Mayflies, which were entirely absent 
from the fish taken in August, 1933, appear as the second most numerous 
insects in the upstream fish, and salmon eggs (which are not available in 
August) also form an item of some importance. The majority of eggs eaten 
probably had been washed out of the spawning beds or dislodged from them 
by other spawning fish. Eggs of whatever species of salmonids are spawning 
at the time are generally found in the stomachs of various species of trouts in 
all parts of the world. 

Idyll (loc. cit.) found no appreciable change in the type of food as size of 
fish increased for the Cowichan River steelhead. Insects were distinctly 
dominant for every size group, true flies (particularly  Simuliidae)  being 
eaten in the greatest numbers, although caddisflies were found in a larger 
number of stomachs. The foods eaten by these fish are shown in Table 85 
(Table I of Idyll). 
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Idyll (loc. cit.) also presents data on the winter food of steelhead. These 
data are reproduced in Table 86. Salmon eggs, mainly from silver salmon 
spawnings, constituted the principal food during this period (October to 
February), although insects were still important. No fish had been consumed. 

A comparison of the data in the preceding tables indicates essential 
harmony of results. Insects are the most important summer food, caddisflies 
and true flies predominating among the aquatic foods. In some streams and 
at certain times of the year mayflies and stoneflies are also of some 
importance, perhaps, as noted, out of proportion to their representation in 
the tables. During the winter salmonid eggs are of  definite  importance. 
Other observations indicate additional seasonal changes, with terrestrial 
organisms contributing considerably more to the diet in the summer months 
than in the winter months. 

The data presented in the preceding tables do not indicate other fish to be 
an item of importance, but it is known that under certain conditions 
steelhead do consume fish. Various authors have found fish to be present in 
considerable quantities in the stomachs of "rainbow trout" from interior 
waters of the United States, particularly in larger fish. A steelhead 165 mm. 
long (female), taken in the downstream trap at Waddell Creek on December 
4, 1934, contained four steelhead, 47, 53, 57, and 60 mm. long. A 
downstream migrant steelhead six inches long, taken at Benbow Dam on the 
South Fork of Eel River, contained nine fry, four of which were  silver 
salmon one to one and one-fourth inches long, and the other five fish too 
digested to be identifiable. Another from the same locality, 135 mm. long, 
taken on April 28, 1939, contained a "small salmon in throat." 

It is of interest that none of the steelhead listed in this section had eaten 
sculpins or sticklebacks. The present writers believe that these fishes do not 
form an important part of the steelhead diet, although they may be eaten 
occasionally. 

The food organisms found in the lagoons of California streams are 
considerably different from those found in the streams proper, and the 
diet of the steelhead resident in the lagoons is also quite different. 
Needham (1940) presented data on the foods consumed by 14 out of 100 
yearling  steelhead  held  in  a  cage  (dimensions:  3  x  3  x  4  feet)  in  the 

 

 
 

TABLE 86 

Winter Food of Steelhead From the Upper Cowichan River, British Columbia 
 

 
Class of food 

35 steelhead (20 - 35.5 cm.) 

A B C 

Trichoptera (larvae, pupae, adults) 47 7.4 34.3 

Simuliidae (larvae, pupae, adults) 26 4.1 11.3 

Chironomidae (larvae, pupae, adults) 10 1.6 22.7 

Plecoptera (nymphs, adults) 4 0.5 5.6 

Arachnida 3 0.4 5.6 

Gastropoda 11 1.7 5.6 

Salmonid eggs 529 84.0 65.6 

A = total number of organisms eaten; 
B = percentage of total number eaten; 
C = percentage of stomachs containing this organism. 
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middle of Waddell Creek lagoon during the spring of 1933. These  are 
shown in Table 87. Needham also presented data on foods present in 
Waddell Creek lagoon and compared them with those eaten by the trout in 
the experimental cage.  As he points out, such  a comparison may  not  be 
truly representative of foods consumed under natural conditions, since the 
fish were confined and dependent upon organisms entering the cage. The 
data do show that steelhead in the lagoon will eat the organisms indicated 
and make growth (0.93 inches in 91 days, February 28-May 30, 1933). 

Conditions in Waddell Creek lagoon are similar to or paralleled by 
conditions in lagoons of other Pacific Coast streams. The crustaceans and 
fishes common in Waddell Creek lagoon, or their close relatives, are 
generally distributed in brackish water along the Pacific Coast. 

Studies by Needham (1934b, 1940) indicate that Waddell  Creek 
compares favorably with other streams as regards its supply of bottom 
organisms. However, an expression of the adequacy of such organisms to 
support a certain trout population is impossible at the present time, for we 
do not fully know (1) the amount of natural foods of various kinds 
required to produce a given weight of trout, (2) the amounts of the same 
food organisms consumed by fishes other than trout, and (3) the relation of 
so-called "available" or "potential" foods to the foods actually consumed. 

In Waddell Creek and all or practically all other salmon and trout 
streams other fishes which are competitors of the salmonids are present. 
Both sculpins and sticklebacks are competitors of trout. An examination of 
a number of sculpin stomachs at Waddell Creek has shown that many of 
the food items are also eaten by  steelhead.  Munro  and  Clemens  (1937) 
have shown the food of Cottus asper and of Three-spined Sticklebacks to 
include many items consumed by  trout. Further studies in regard to the 
foods consumed by sculpins and sticklebacks in comparison with the 
importance of sculpins and sticklebacks as foods for salmonids are 
needed. 

Evidence indicates that the composition of the foods actually eaten by 
trout in a given locality may be different from that of the so-called 
"available" or "potential" foods (Needham, 1938, p. 142; Chapman and 
Quistorff, 1938, p. 2; and others). These  differences  probably  result 
from (1) the degree of accessibility of the different potential food 
organisms and (2) selectivity practiced by the trout. Of the more  im- 
portant  items,  mayflies  and  stoneflies  are  usually  represented  more 

 

 
TABLE 87 

Foods Consumed by 14 Yearling Steelhead Held in Cage 
In Waddell Creek Lagoon, Spring of 1933 * 

Class of food Number Percentage 

Gammarus confervicolis 122 93.8 
Corophium spinicorne 0 0.0 
Exosphaeroma oregonensis 5 3.8 
Miscellaneous 3 2.3 

Totals 130  
 

* Average size of fish 3.4 inches; range 2.8 to 4.7 inches. Fish were removed for stomach examination 
between March 1st and March 10th. 
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strongly on the stream bottom than they are in the stomachs, while  the 
reverse is true for caddisflies. It is the belief of the present writers that 
considerable selectivity is practiced by steelhead in their choice of food. The 
data for the three species of trout in the Cowichan River (Idyll, loc. cit.) 
suggest that the fish may discriminate among potential food organisms and 
that definite selection may therefore take place. 

Adult steelhead, like the Pacific salmons, do not commonly eat during 
their spawning migration in fresh water. Examinations by the writers of 
stomachs of steelhead from various California streams, as well as findings 
by other workers (e.g., Chapman and Quistorff, 1938), support this view. 

Feeding in fresh water following spawning is not typical, but has been 
noted in the case of some Waddell Creek fish, although the stomachs of only 
a few individuals have been examined. A spent male, 56 cm. in length, taken 
in good condition in the downstream trap on June 16, 1937, contained seven 
caddisfly larvae. A spent female, 49 cm. in length, taken in the downstream 
trap on July 10, 1937, had eaten two steelhead, 81 and 86 mm. in length, and 
one silver salmon, 80 mm. in length. A spent male, 40 cm. in length, taken in 
the downstream trap on April 28, 1939, was listed as having its stomach "full 
of young fish; one tail had not yet disappeared"; it is assumed the "young 
fish" listed by the field observer were salmonids. The stomachs of a few 
dead spent adults have also been examined and found to be empty. 

Very little is known of the food of steelhead in the sea, although because 
of similarities in morphology it is probably not grossly different from that of 
silver salmon. 

Summing up, it is not improbable that throughout the life history of the 
steelhead its food in its general character is similar to that of the  silver 
salmon: juveniles in fresh water live very largely upon insects, both aquatic 
and terrestrial, smaller individuals in salt water depend heavily upon marine 
invertebrates (and  those in brackish water,  especially in  lagoons, on 
brackishwater crustaceans), and the larger fish in salt water are chiefly 
piscivorous. 

 

PREDATORS 

Inasmuch as one of the main purposes of the Waddell Creek project was 
to study a stream under as nearly as possible natural conditions, hesitation 
was felt in killing suspected predators, because of the danger of upsetting the 
biological balance. However, it is believed worth while to make evaluations 
of the effects of various possible predators on the basis of incomplete data 
and observations on other streams. 

 

Predators in Fresh Water 

In previous sections of this paper it was stated that tremendous losses 
occurred soon after the fish had emerged from the gravel, and that these 
losses were caused principally by fishes. Under normal conditions, in 
Waddell Creek and other California streams the greatest numbers of 
juvenile silver salmon and steelhead are probably eaten by juvenile 
steelhead. Freshwater sculpins (Cottus) are probably  an  important 
predator in most Pacific Coast streams; at Waddell Creek and probably in 
most   other   streams   the   species   which   causes   the   greatest   damage 
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is Cottus asper. During  the  period  immediately  following  emergence  from 
the gravel some young fish may also be eaten by juvenile silver salmon of 
older year classes; this has not been noted in Waddell Creek but has been 
reported from another stream (Pritchard, 1936b). Other predators on fish of 
such small size are limited in Waddell Creek and most other California 
streams to the Dipper and to garter snakes. Usually these two are not 
sufficiently numerous to be the principal cause of loss at this stage. A few 
are consumed by crayfish and giant water bugs. 

As the young salmon and trout grow, the percentage of loss declines, but 
they become attractive as food to an increasing number of predators. When 
they are too large to be taken by the Dipper, the smaller garter snakes, and 
many of the steelhead, they are taken in varying amounts by fish-eating birds 
(kingfishers, blue herons, and others). In some cases, striped bass may make 
serious inroads into the seaward migrants. The losses  caused  by  each  of 
these depend upon a variety of factors, including the size of the populations 
of trout and salmon and the predators, the abundance of other foods for the 
predators, the character of the stream and the particular portion of  the 
stream, and climatic and water conditions. Some of the predators are able to 
secure fish in appreciable quantities only when the latter are confined  to 
drying pools or some spot like the traps at Waddell Creek. Figure 32 shows 
the common food interrelations at Waddell Creek. 

Sea-run steelhead and silver salmon, except individuals  dying  after 
spawning or from old age, disease, or injury, are subject to very little 
predation from any source once they have entered fresh water. It is probable 
that less than 1 percent of the run of either species is normally taken by 
predators in any stream in California. 

 

Fishes 

(a) Steelhead. Because of the nature of the program at Waddell Creek, it 
was not possible to make a detailed study of the predation of steelhead on 
other steelhead and silver salmon. However, from scattered data it is known 
that it is not uncommon for stream steelhead to prey upon both of them. The 
numbers and sizes consumed depend upon the size and composition of the 
populations of both species, the time of year, the abundance of other food, 
and other factors. 

A steelhead 165 mm. long, taken in the downstream trap on December 4, 
1934, contained four steelhead, 47, 53, 57, and 60 mm. long. 

A downstream migrant steelhead six inches long, taken at Benbow Dam 
on the South Fork of Eel River, contained nine fry, four of which were silver 
salmon one to one and one-fourth inches long, and the other five fish too 
digested to be identifiable. 

Nine out of 32 upstream juvenile steelhead taken during the 1934-35 
season contained several to 12 or more silver salmon eggs apiece. Most of 
these eggs probably had been washed out of the spawning beds. 

Idyll (1942) found that salmonids formed only a small proportion of the 
food of steelhead38 25.4-50.8 cm. (10-20 inches) long from the  Cowichan 
River, British Columbia. 

 
38 The  author  lists  these  fish by  the  scientific  name  "Salmo  gairdneri," but  by  the common n ame "rainbow trout". 
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As a general rule, adult steelhead do not feed in fresh water. Apparently a 
few resume feeding while still in fresh water after spawning, but the inroads 
into the salmon and trout populations made  by  such  fish  cannot  be 
considered  important. 

(b) Silver Salmon. As in the case of the steelhead, it was not  possible to 
make a detailed study of the predation of silver salmon on  other  silver 
salmon and steelhead. During their first year of life the silver salmon are so 
nearly of the same size as other silver salmon and steelhead of the same age 
class that they probably rarely eat them. In their second year of life  at 
Waddell Creek and in most other California streams the silver salmon 
migrate to sea before the bulk of the silver salmon and steelhead of the 
following year  class have  emerged from  the  gravel, and  so probably 
consume comparatively few fish of the season. 

The preceding statements do not mean that silver salmon  are  not  fish 
eaters when they have  the opportunity to  be so. Pritchard  (1936b) studied 
pink salmon predators at McClinton Creek, British Columbia, from February 
to June in the springs of 1931 and 1933. The stomachs of 385 yearling silver 
salmon (including 76 which were empty) 2 to 6¼ inches long contained a 
total of 1,027 pink salmon fry (average 2.7 per stomach, maximum 13), 10 
chum salmon fry, and 35 silver salmon fry and fingerlings. None of the 
stomachs contained other food. These results were corroborated by 
examination of 1,523 additional stomachs from a mixture of silver salmon 
and cutthroat trout, of which over 90 percent were young silver salmon. 

Pritchard correctly points out that the results of the analyses may be more 
extreme than those which would be obtained under natural conditions, since 
the pink salmon fry were concentrated along the screens and in the pen of a 
counting   fence.   On   the   basis   of   stomach   examinations   and   general 
observations on the numbers of the different predatory fishes in the stream, 
Pritchard assessed the absolute damage caused to the young pink salmon in 
the stream, from greatest to least, in the following order: silver salmon, 
cutthroat trout, Dolly Varden Trout (Salvelinus malma spectablis), and 
sculpins (Cottus sp.). 

We are led to conclude that in Waddell Creek and other California 
streams, silver salmon cannot be considered serious predators on silver 
salmon or steelhead. In those streams in which king salmon are also present, 
silver salmon yearlings may do considerable damage, since the king salmon 
hatch earlier than do the steelhead and silver salmon and since many of them 
migrate to sea as fish of the season, about the same time as do the yearling 
silver salmon. 

With extremely rare exceptions, adult silver salmon do not feed in fresh 
water and therefore are not predators. 

(c) Sculpins (Cottus). Two species of freshwater sculpins are present in 
Waddell Creek and a number of other California coastal trout and salmon 
streams: Cottus asper  and C. aleuticus.  The former is the larger and more 
abundant species. 

These species appear to be of considerable interest in a discussion  of 
salmon  and  trout  predators,  first,  because  it  appears  that  they  may  make 
considerable inroads into the populations of these fishes and affect survival 
rates noticeably, and second, because a practicable method of control 
appears to exist. 
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One of the things discovered upon start of operation of the traps was the 
existence of a definite annual downstream migration of the two species, and 
to some extent an upstream migration. The downstream migration  takes 
place in  connection with  high water  during the  winter and  spring months, 
and is evidently a spawning migration, since most of the fish are large and 
sexually mature. The extent of the upstream migration  that  would  occur 
under natural conditions is not known, since the sculpins are not leapers and 
so had only partial success in passing through the fishway into the upstream 
trap. At first some of the upstream migrants were put upstream, but when it 
became apparent that most of them could not enter the upstream trap it was 
decided to "go the whole hog" and kill them. 

That this downstream migration, with the  upstream  migration  stopped, 
was  steadily  diminishing  the  population  of  sculpins  above  the  dam  seems 
evident from Table 88. Tabulations for the  two  species  separately  (Tables A-
37 and A-38 of the Appendix) show that more than 90 percent of the 
downstream migrants were the larger Cottus asper. 

It seems, then, that low dams (± three feet high) across the lower parts of 
streams might prove an effective way of eliminating the sculpin populations 
above such dams. Dams of this height would not stop adult salmon and 
steelhead if they were constructed without an apron. Nearby  Scott  Creek 
seems  to  be  an  example  of  a  stream  in  which  the  elimination  of  sculpins 
above a dam actually took place. This dam was built for egg taking purposes 
about 1908. Extensive seining and observations during the 1930's revealed 
no sculpins above the dam, while they were plentiful below it. An old-time 
resident told Shapovalov that sculpins were abundant above the site of the 
dam before the dam was built. 

There remains the possibility that such dams might cause an un - 
natural concentration of sculpins below them. Elimination of sculpins 
below  the  dams  might  be  accomplished  through  chemical  treatment  of 

 
TABLE 88 

Waddell Creek: Sculpins Checked Through Downstream Trap, by Four Week Periods (Cottus 
asper and Cottus aleuticus) 
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Totals 3,357 1,837 653 337 155 91 45 61 30 6,566 
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FIGURE  32.    Waddell Creek food interrelationships. 
 

the streams below them at low water. Elimination of  sculpins  below  the 
dams should not be attempted until the  populations  above  had  been 
eliminated through the downstream migrations. 

The upstream migrations of sculpins in Waddell Creek are  shown  in 
Table A-39 of the Appendix. The upstream migrations occur generally later 
in  the  season  than  the  downstream  migrations.  The  average  size  of  the 
upstream migrants is definitely less than that of the downstream migrants. 

Stomachs of sculpins taken from the downstream trap have revealed 
considerable numbers of young trout and salmon. That confinement of the 
fishes in the trap aided the sculpins in capturing their prey is probable. At 
the same time, on various occasions sculpins have been observed to rise to 
the surface of the pool below the dam and  seize  freshly  liberated 
downstream migrant salmon and trout. Fish at  least  as  large  as  111  mm. 
long  have  been  observed  to  be  taken  by  sculpins  in  this  manner.  It  is 
possible that such trout and salmon had been temporarily weakened by 
measuring, marking, and scale-taking operations. Under natural conditions 
sculpins probably more often secure salmon and trout by sudden darts when 
their prey is close to the bottom of the stream, since sculpins  are  not 
capable of sustained rapid swimming away from the bottom. 

Sculpins from the downstream trap have also contained  salmon  and 
trout eggs. Most of these eggs probably had been washed out of the 
spawning  beds.  C.  asper,  being  the  larger  and  more  abundant  species, 
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probably does the greater damage. Sculpins continue to feed during sexual 
maturity. 

Pritchard (1936b) examined the stomachs of 165  sculpins  (Cottus  sp.) 
from McClinton Creek, British Columbia, from February to June in the 
springs of 1931 and 1933, and found them to contain: 175 pink salmon fry 
(maximum in single stomach, 8) 2 chum salmon fry, and 10 silver salmon 
fry and fingerlings; only one  stomach  contained  other  materials  (insects), 
and 98 out of the 165 were empty. These data are presented in Table 89. 
Concentration of the salmon along the screens and in the pen of a counting 
fence probably aided the sculpins in capturing them. Munro and  Clemens 
(1937) record silver salmon fry and steelhead eggs from the stomachs of (C. 
asper from British Columbia. 

Measurements were made of nearly all of the downstream and upstream 
sculpins taken in all seasons except 1933-34, and of some of those taken 
in 1933-34, but are not presented in this paper. 

Some of the sculpins taken in the traps were marked or tagged, but the 
returns were not sufficient to warrant discussion at this time. 

It is believed by the writers  that  a  concentration  of  sculpins  below  the 
dam during the 1933-34 season may have contributed to the poor survival of 
the year class (1932-33) migrating downstream at that time, although disease 
(see   pages   239-242)   or   some   other   factor   may   have   been   of   greater 
importance. 

(d) Three-spined Stickleback. The food  of the  stickleback at Waddell 
Creek  was  not  studied.  In  view  of  its  small  size,  it  is  doubtful  that 

 
TABLE 89 

 
Stomach Contents of Sculpins Taken at McClinton Creek, British Columbia 

(After Pritchard, 1936b) 
 

 Cottus sp. 

1931 1933 

Size 1¾"  -7" 1¾" -7" 

Number examined 81 84 
Number empty 59 39 
Number containing:   

1 pink salmon fry. 7 13 
2 pink salmon fry 3 12 
3 pink salmon fry 3 9 
4 pink salmon fry 5 6 
5 pink salmon fry 1 2 
6 pink salmon fry -- 1 
7 pink salmon fry -- -- 
8 pink salmon fry 1 2 

Total pink salmon in stomachs 55 120 
Average number per stomach 0.7 1.4 
Total chum salmon fry 2 -- 
Total silver salmon fry and fingerlings 8 2 
Stomachs containing insects -- 1 
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this species is a serious predator on even small trout and salmon. How - 
ever, it is considered at this point because of its reputation  in  this 
regard in certain quarters, as noted by Kincaid  (1919):  "The  damage 
done by the Stickleback is out of proportion to his size as he is able to 
kill the fry of larger fish, notably the salmon, for which reason the 
Stickleback is known locally as the  Salmon  Killer."  Kincaid  does  not 
cite supporting evidence for his statement and it is the belief of  the 
writers that it cannot be accepted without adequate data. Munro and 
Clemens (1937) found no fish remains in 61 stickleback stomachs from 
British  Columbia. 

(e) Striped  Bass.  Under  certain  conditions  striped  bass  which  have 
entered a stream may consume large quantities of  seaward  migrant 
trout and salmon, as shown by Shapovalov (1936). In that  paper  the 
writer  described  the  stomach  contents  of  47  striped  bass  seined  by  A. 
C. Taft and himself in the upper end of Waddell Creek lagoon on April 
26, 1935. The larger of these fish (37 to 49 cm. long) had been feeding 
largely on silver salmon and steelhead fingerlings and  sculpins 
(Cottus), while the smaller bass (20 to 31 cm. long) had been feeding 
almost entirely on small crustaceans (Gammarus, Exosphaeroma, and 
Corophium), sticklebacks  (Gasterosteus), and  gobies  (Eucyclogobius). 

Shapovalov (loc. cit.) also reported on  a  collection  of  young  trout 
and salmon from the stomachs of  six  striped  bass  taken  in  the  Coos 
Bay region, Oregon, in April and  June,  1930  and  1931.  These  striped 
bass contained 10, 11, 14, 15, 20, and 22 trout and salmon fingerlings, 
respectively. The salmon were practically all silver  salmon  100 -140 
mm. long, evidently seaward migrants. 

It is evident from the foregoing that striped bass may cause serious 
depredations, especially when they are in a position to intercept all 
seaward migrants, as were the 47  fish  seined  from  the  narrow  upper 
end of Waddell Creek lagoon in 1935. It is also possible, although no 
data are at hand, that striped bass may consume numbers of trout  and 
salmon that have entered salt water. 

The effect of the presence of striped bass on survivals  at  Waddell 
Creek is not evident, since in 1935 they were seined out about the time 
of the beginning of the seaward migrations  and  in  other  seasons  they 
may have entered the lagoon without being noticed, because  of  the 
depth and the murky condition of the water, although a watch was kept 
for them. It is known that some striped bass have  entered  Waddell 
Creek in various years, as shown by the following record: 

1927. Unknown number of striped  bass  of  second,  fifth,  sixth, 
seventh,   and   eighth   age   groups   seined   in   Waddell   Creek   in   May 
(Scofield,  1931). 

1931. Two dozen striped bass of approximately the same size com- 
position as those taken in 1935 seined in Waddell Creek lagoon by A. 
C. Taft and J. H. Wales on November  24th.  One  large,  dead  striped 
bass found at the same time. 

1932. Two one-year-old striped bass 113 and 114 mm. long seined in 
Waddell Creek lagoon by J. H. Wales and  Leo  Shapovalov  on  April 
26th. 
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1934. One dead striped bass 260 mm. long found in Waddell  Creek 
lagoon by Leo Shapovalov on March 23d. 

1935. Forty-seven striped bass 20 to 49 cm. long seined in upper end of 
Waddell Creek lagoon by A. C. Taft and Leo Shapovalov on April 26th, but 
first noticed during the early part of March. A few fish escaped the seining. 

1938. The field observer, J. H. Cook, caught a 13-inch striped bass in the 
surf several hundred yards north of the mouth of Waddell Creek in July (?), 
and afterwards caught two other small striped bass in  the  surf  along  the 
beach near Waddell Creek. 

1939. Several striped bass were reported to be present in the upper end of 
Waddell Creek lagoon in late June. Report not verified. 

1941.  Anglers  caught  numerous  striped  bass  in  the  surf  from  the  beach 
adjacent to Waddell Creek during the first two weeks of April. One fish is 
reported to have weighed 16 pounds. 

 

Reptiles 

The only aquatic or semiaquatic  reptiles  found  at  Waddell  Creek  are 
the Pacific Pond Turtle (Clemmys m. marmorata) and garter snakes 
(Thamnophis). 

(a) Pacific  Pond  Turtle.  During  the  nine  seasons  of  operations  only 
seven Pacific pond turtles were recorded as being taken from the 
downstream trap, and only very occasionally has an individual been 
observed in the stream. The seven from the  trap  were  taken  between 
April 8-14 and August 26-September 1. Not more than two were taken in 
any one season. The Pacific pond turtle is largely a scavenger and 
bottom feeder and probably is rarely, if ever, a trout or salmon predator. 
Most individuals probably hibernate during the greater portion of the 
salmonid spawning season and for this reason, if no other, eat very few 
eggs. 

(b) Garter Snakes. Garter snakes in general have been accused of 
extensive depredations on young trout and salmon by anglers. Fitch 
(1941) stated that the feeding habits of the different species vary widely, 
and that some commonly enter water, while others are largely terrestrial. 

During the nine seasons of operations, 160  garter  snakes  were  taken 
from the downstream tank, with the seasonal number varying from 1 to 
45. The earliest garter snake was taken April 1-7 and the latest October 
22-28. During the same time of year garter snakes were often observed in 
and about the stream. During the period October through March  garter 
snakes usually hibernate in the Waddell Creek area. The  occurrence  of 
garter snakes in the downstream tank during the various seasons is 
shown in Table A-40 of the Appendix. 

According to known distributional records and information recently 
supplied by Mr. Jay M. Savage, Stanford University (personal com- 
munication to Shapovalov, February 28, 1954), the Common Garter 
Snake (Thamnophi s sirtalis infernalis) and the Coast Aquatic Garter 
Snake (T. couchi atratus) are known to occur at Waddell Creek, while 
a  third,  the  Coast  Terrestrial  Garter  Snake  (T.  elegans  terrestris), 
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although not recorded from there, almost certainly is present. Mr. Savage 
states that the first two are aquatic forms, while the latter is a terrestrial 
type. 

Unfortunately, an attempt to identify the species taken in the trap was 
not  made  until  the  season  of  1941-42,  and  in  that  season  only  one 
individual was taken. This individual, taken in the trap on June 10, 1942, 
was probably T. c. atratus. However, there is considerable doubt regarding 
the identity of the other individuals taken during the various seasons. 

As stated previously, many, if not most, of the salmonids taken by garter 
snakes are those from drying portions of a stream. At Waddell Creek, the 
depredations of garter snakes are probably not of major proportions, both 
because garter snakes are not very abundant and because dropping stream 
levels do not isolate many pools. 

 

Birds 

The fish-eating birds of some importance at Waddell Creek are the 
Western Belted Kingfisher, California  Heron,  and  Dipper.  Birds  present 
but whose fish-eating propensities in this area are not well known are the 
Common Loon, Pacific Loon, Red-throated Loon, American Egret, Black- 
crowned Night Heron,  American  Bittern,  Red-breasted  Merganser, 
Southern Bald Eagle, and Caspian Tern. None in this group is present in 
sufficient numbers to be a serious factor. The American Osprey and 
American Merganser, which may be serious predators in other California 
salmon and trout waters, are absent  from  the  Waddell  Creek  area  or  are 
rare visitants. Fish-eating birds which have not been observed to take fish 
from fresh water in this area, such as the California Brown Pelican, are 
omitted from consideration. 

Of the above birds the only species large enough to attack and eat sea- 
run steelhead and silver salmon are the California  Heron  and  Southern 
Bald Eagle, and possibly the American Egret and American Bittern. 
Altogether, the adult fish killed by all birds form probably less than  1 
percent of the runs. 

Orr (1942) has given an account of the birds of the Waddell Creek area, 
but does not discuss their foods. 

(a) Western Belted Kingfisher. The Western Belted Kingfisher is 
undoubtedly more adept at catching trout and salmon than any of the other 
birds present at Waddell Creek, with the possible exception of the Dipper. 
Very likely an individual bird consumes  a  considerable  number  of  trout 
and salmon during the course of a year.  However,  the  number  of  birds 
along Waddell Creek is not believed to be large, probably not numbering 
over a dozen. The Western Belted Kingfisher appears to show a decided 
preference for the lower, more open portions of the stream over the upper 
portions in the redwood forest. It is the writers' opinion that the complete 
elimination of this bird from Waddell Creek would not affect the survival 
of either steelhead or silver salmon to an appreciable degree. 

(b) California Heron. The population of California Herons in the 
Waddell Creek drainage was not large, numbering probably less than half-
a-dozen birds. Some time prior to the  start  of  the  experiments  in 1933  
some  California  Herons,  which  then  roosted  in  a  large  tree  beside 
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Waddell Creek in its lower portion, were shot. Since the start of the 
experiments never more than two birds were seen on any single occasion. 

Because of its size, the California Heron is capable of consuming large 
numbers of fair-sized fish, but it is probably rarely that such an occasion 
presents itself at Waddell Creek or in other streams unless isolated pools 
have formed. 

In  the  majority  of  instances  in  which  California  Herons  have  been 
observed in the Waddell Creek area they have been in areas not inhabited 
by trout and salmon, such as the marshy areas around the lagoon and the 
grassy fields. It is probable that the California Heron finds frogs, rodents, 
and other foods preferable to or easier to obtain than trout or salmon. 

Both at Waddell Creek and  at Scott Creek an  occasional unspent adult 
fish with a deep, round hole at the nape, but otherwise in good condition, 
has been taken in the upstream trap. These holes are believed to have been 
made by the bills of California Herons. 

(c) Dipper. The Dipper has often been accused by anglers of extensive 
depredations  on  trout,  not  only  because  of  the  fish  consumed,  but  also 
because of a habit of catching fish  and  leaving  them  on  exposed  stones. 
One angler told Shapovalov of seeing 22 small trout laid out on a stone by 
a Dipper  (not at  Waddell Creek).  Shapovalov has  also seen  a single  bird 
consume 15 small trout that had died in a hatchery in the Sierra Nevada 
and had been thrown into the  adjacent  stream.  To  secure  these  trout  the 
bird had to dive to the bottom of a fairly deep pool. 

In favor of the bird it may be said that it is known to feed extensively on 
other foods, such as aquatic insects, and that it is not usually abundant. By 
its own size the Dipper is limited to fish of small size. There is no way of 
estimating the effect of the Dipper on the trout and salmon populations at 
Waddell Creek, but the writers do not believe it to be serious. 

(d) Southern Bald Eagle. Southern Bald Eagles have been seen in the 
Waddell Creek area on various occasions, but they may be classed as only 
occasional visitors. As regards adult steelhead and  silver  salmon,  these 
birds probably very largely consume spent dead or  dying  fish.  Southern 
Bald  Eagles  probably  are  not  a  factor  of  consequence  to  the  salmon  and 
trout populations of any streams in California. 

 

Mammals 

The only terrestrial fish-eating mammal  found  at  Waddell  Creek  is 
the California coon. Coons eat considerable quantities  of  adult  steel- 
head and silver salmon, but the writers believe that the fish consumed 
are very largely dead or dying spent individuals, and that it is doubtful 
that coons have an appreciable adverse effect on the salmon and trout 
populations of the stream or of other streams. 

As coons eat the fish, they peel the skins back from head to tail until 
the empty skin is l eft like a glove turned inside out. During the 1933 -34 
season, when the adult steelhead were tagged, it was often necessary to 
turn the skins right side out to locate and remove tags. 
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Crayfish 

The species present in Waddell Creek has been identified by W. L. 
Schmitt of the U. S. National Museum as Astacus klamathensis, which is 
found also in the Columbia, Smith, and Klamath rivers.39 Its origin in 
Waddell Creek remains obscure. It may be endemic, since there are early 
records  of  crayfish  in  neighboring  streams.  On  the  other  hand,  various 
individuals have informed Shapovalov of transplantings of crayfish made 
by different persons in neighboring streams during the past 40 or so years, 
so the species may have  been introduced. This view  is supported by the 
statement of Rathbun (1884, page 813) that A. nigrescens was "the only 
species found in the vicinity of San Francisco" at that time. Mr. Theodore 
Hoover, owner of the property, had not seen crayfish in the stream until 
some were taken in the trap. The rapid increase of the species in Waddell 
Creek during the course of the  experiments  indicates  either  a 
comparatively recent introduction or a tremendous population increase. 
During the first five seasons of operations (1933-34 through 1937-38) 
Shapovalov made repeated trips along the stream, wading the length of the 
lower portions many times, but saw only one or two small  individuals. 
During the same five seasons not over two were taken in the downstream 
trap. In 1938-39 three were taken in the downstream trap, in 1939-40 there 
were 77, in 1940-41, 276, and in 1941-42, 471. At the close of the 
experiments they were quite common in sections of the stream where very 
few were seen during the first five seasons. The numbers taken in the 
downstream trap in each season by four-week periods are shown in Table 
A-41 of the Appendix. 

The significance of the downstream migration has not been determined. 
Crayfish with eggs have been recorded from October  8-14  through 
December 31-January 6. One with two young (11 and 14 mm. long) was 
taken during the week of March 4-10, 1942. 

Crayfish have sometimes been accused of  predation  on  young  salmon 
and trout. At Waddell Creek, however, many hours of observation (by 
several observers) failed to indicate such predation. 

Crayfish were found rather to subsist largely on organic detritus stirred 
up from the stream bottom, and occasionally on carrion. They sometimes 
caught small steelhead and silver salmon in the trap, although they were 
never seen to stalk them there. It is probable that the confinement of the 
trap aided the capture. Crayfish probably capture some diseased and 
injured fish in the stream, but it is doubtful that they are capable of 
catching healthy fish. 

 

Insects 
At Waddell Creek, two species of giant water bugs (family Belosto- 

matidae) are present and may occasionally prey on young trout and 
salmon when the opportunity presents itself. However, their fish depre- 
dations probably play a minor role in the economy of the stream. 

It is of interest that both species, a very large one, Lethocerus 
americanus (Leidy), and a small, oval one, Abedus hungerfordi  De 
Carlo (identifications by Robert L. Usinger of the University of Cali - 
fornia),  migrate  downstream,  especially  during  the  spring  and  summer 
months.  Table  A-42  of  the  Appendix  show s  this.  In  the  table  the  two 

 
39 In accordance with recent nomenclature, the generic name becomes Pacifastacus 
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species have been lumped together, since the field notes did not distinguish 
the species in all instances, but probably 90 percent of the total is 
represented by the smaller species, Abedus hungerfordi. The males of this 
species, but not those of the larger one, carry the eggs on their backs. The 
significance of the downstream migrations is not known to the present 
writers, and the cause of the apparent decline in numbers of  migrants 
during the course of the experiments is not apparent. 

In the comparatively limited confines of the downstream trap the giant 
water bugs occasionally seize and eat a small trout or salmon, but it is 
doubtful that they have an opportunity to do so in the open stream, unless 
the fish are sick or injured. 

The giant water bugs just discussed represent the two common species 
in California. 

 
Predators at Sea 

As has been seen in the sections on "Survival",  considerable  losses 
occur among both silver salmon and steelhead between the time that they 
leave fresh water and the time that they return as adults. Little is known of 
the life of salmon and trout at sea, and so little of the proportionate toll 
taken by predators, disease, and lack of food. The latter cause of mortality, 
if and when a factor of  importance,  probably  occurs  only  soon  after  the 
fish have entered salt water. 

It is not improbable that the major mortality in the ocean is caused by 
predators, of which there are some capable of preying on salmon and trout 
of all sizes. 

Sea  lions  have  been  accused  of  extensive  depredations  on  steelhead 
and salmon by sportsmen and commercial fishermen. The extent of such 
depredations is difficult to determine, largely because of the difficulty in 
securing stomachs of sea lions at the proper time of the year. Individuals 
swimming in the water are difficult to shoot, and many of those that are 
shot sink or cannot be recovered because of difficulties in reaching them. 

It must be recognized that because of their size and agility sea lions 
are capable of catching large, fast-swimming fishes. Therefore, if they 
are partial to salmon and steelhead, they may be expected to cause 
extensive depredations, because of their large numbers along the northern 
and central California coasts.40  Whether they actually favor salmon and 
steelhead as a food over other forms of marine life is a moot point. Many 
individuals have reported seeing sea lions catch salmon and steelhead 
along the coast, particularly near piers and wharves. Observers have 
reported that occasionally the sea lions on catching a large fish have not 
eaten it, but have tossed it into the air and gone to another fish, as in  
play. Uncertainties in identification of the fish involved help to make it 
difficult to analyze the significance of such reports. 

Circumstantial evidence that sea lions feed  on  salmon  and  steelhead 
lies  in  the  appearance  of  the  sea  lions  near  the  mouths  of  California 

 
40Two species of sea lions are found along the coast of California. The Steller Sea Lion (Eumetopias jubata) 

ranges from the Channel Islands of southern California northward to the Bering Sea, while the California 
Sea Lion (Zalophus californianus) occurs from Pt. Reyes and the Farallone Islands off San Francisco 
southward into Mexico. The former is by far the more abundant species off the California coast. 
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streams during the time of entry of the salmon and steelhead. From one to 
half-a-dozen sea lions may usually be seen at the mouth of Waddell Creek 
(and other streams of comparable size)  during  the  times  that  the  salmon 
and steelhead are entering. During these periods the  animals  come  very 
close to shore, swimming through the breakers. At  Waddell  Creek  they 
have been seen to approach within 50 yards of the mouth of the stream. It 
is not known whether the same individuals are seen during the course of 
the steelhead and silver salmon spawning season, or whether they are 
replaced by others. 

A considerable number of the silver salmon and steelhead taken in the 
upstream traps at Waddell Creek and at Scott Creek have had scars in the 
form of a "V" or "W" or some portion of a "V" or "W," or an inverted "V" 
or "W," on their sides. Usually these scars, the lines of which are several 
inches long,  are well healed. It has been suspected that these scars were 
made by sea lions, but this has not been proved. During portions of several 
seasons a graphic record was made of all scars on silver salmon and 
steelhead taken in the traps at Waddell Creek and at  Scott  Creek;  it  is 
hoped to analyze this record at some future time. 

Further knowledge regarding the extent of depredations by sea lions 
would be of particular interest in the case of Waddell Creek in view of the 
fact that the largest Steller sea lion rookery in California is located only a 
little over three miles away, at Año Nuevo Island. The herd there numbers 
2,500 animals at times, and up to 200 California sea lions have also been 
counted at this rookery. According to Bonnot, Clark, and Hatton (1938) the 
sea lion population along the entire  coast  of  California  at  the  time 
numbered on the average approximately 5,600 Steller sea lions and 1,600 
California sea lions. Bonnot (1951) listed 9,000 as the approximate number 
of sea lions along the coast of California. 

An  accurate  picture  of  the  relationship  of  sea  lions  to  salmon  and 
steelhead could be obtained only by examining stomachs taken from 
animals not only in the open sea or on land but also  off  the  mouths  of 
salmon and steelhead streams during the period of the spawning runs. 

The  Harbor  Seal  (Phoca  vitulina)  is  occasionally  to  be  seen  off  the 
mouth of Waddell Creek. Its relationship to steelhead and silver salmon is 
not known, but is not believed to be of importance. 

 
RECOMMENDATIONS FOR MANAGEMENT 

 

Proper recommendations for the management  of  any  species  should 
consider that species in relation to its total environment, including the human 
beings who will be concerned with its utilization. The demands of various 
segments of the population for its sporting or commercial  utilization,  the 
funds, facilities, and personnel available  to  conservation  agencies,  and 
expected changes in these factors must all be considered. To be able to 
formulate such recommendations, however, it is first necessary to know the 
basic facts about the biology of the species concerned. To gather these basic 
facts and present them in usable form has been the main function  of  the 
present study. 

The problems that concern  the  steelhead  have  been  well  presented 
by  Taft  (1933).  Intensive  fisheries  for  both  the  adult  and  immature 
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steelhead create too great a drain on the species. In many of our coastal 
streams the immature fish face the additional difficulty of low water 
during the dry summer season. Such streams can support only limited 
numbers of fish of angling size. 

By contrast, immature  silver  salmon  (and  king  salmon)  are  subjected 
to relatively little fishing. The adult salmon, however, must withstand, in 
addition to the sport fishery,  an  extensive  commercial  fishery.  The 
numbers of seaward migrants must be great enough to maintain these 
fisheries with adequate numbers of adults. 

Detailed studies such as the present one, although yielding much 
indispensable information, cannot alone provide direct answers to all 
problems of management. For example, no matter how definitely, cor- 
rectly, and completely we know  the biology of the steelhead,  we cannot 
on that basis alone answer positively what the bag limit should be. 
Knowledge of the biology of the fish is essential to an understanding of 
what effect certain regulatory measures will achieve, but  such  regula- 
tions must also be made on the basis of the factors previously outlined— 
environment, demand, and  management  resources—and  anticipated 
changes in these factors. 

Although specific management practices will be proposed  in  this  sec- 
tion, it must be realized that even if put completely into effect they will 
not create complete management. The Department of Fish and Game does 
not have control over the land, except in some limited phases. Many of 
the problems encountered and many of the ill effects on the fishes have 
resulted from the methods of land and water use now in effect. 
Deforestation through lumbering and pasture clearing has caused erosion 
along the streams, greater floods, higher water temperatures, and lower 
water in the summer months. Grazing has had approximately the same 
effects. Many new dams have impeded or blocked the runs of spawning 
fishes, destroyed spawning areas, diverted  the  natural  flow  of  the 
streams, increased water temperatures, and caused fluctuation of the 
water. Control over these factors lies largely outside the province of the 
Department of Fish and Game. 

One other fact must be realized to evaluate correctly the measures and 
recommendations proposed and now in effect, namely, that sometimes 
different management methods will  give  the  same  results.  For  example, 
the maintenance of the population of silver salmon in a given stream may 
be expected to be achieved either by a given season and bag limit, or a 
larger bag limit but shorter season, other things being equal. The choice 
must in this case depend upon  the  desires  of  the  angling  public. 
Similarly, in another instance a population may be maintained with a 
certain season and bag limit, and natural propagation, or with  a  more 
liberal season and bag limit, and intensive stocking. In this case also the 
choice must depend upon the desires of the angling public,  plus  the 
funds, facilities, and personnel available to conservation agencies. 

Of the five species of Pacific salmons found along the Pacific Coast, 
only the king salmon and silver salmon occur in significant numbers in 
California. Although the king salmon  is  still  much  the  more  important, 
the silver salmon may be expected to become increasingly important in 
the future with the construction of still more dams and diversions. The 
silver  salmon  is  more  commonly  found  in  the  smaller  streams  and 
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tributaries near the coast, which are  less  subject  to  human  interference 
and development than the large stream systems, like the Sacramento-San 
Joaquin and Klamath, that are favored by the king salmon. The elaborate 
water utilization plans for these stream systems will  ultimately  cut  off 
most of the present king salmon spawning areas. 

Present trends point  toward  a  vast  development  of  the  northern areas 
of the world: Siberia, Canada, and Alaska. It is to be expected that many 
phases of this development will adversely affect the salmon fisheries of 
those areas in the manner that has taken place in the United States, with 
the result that the salmon fisheries of California will assume a relatively 
more important position. 

From this long view of the present and future place of the salmon and 
trout fisheries in California, we may  now proceed to an examination of 
specific measures to be applied in a management program. A sound 
program of management should include wise conservation legislation, 
good  enforcement  of  this  legislation,  improvement  of  the  physical  and 
biological habitat, pollution control, and fish rescue and artificial 
propagation, when and if necessary. These  various  phases  of 
management are treated below. 

 
Regulation 

Regulations governing the taking of salmon and steelhead should be 
designed to provide the maximum sustained yield, that is, the widest use 
of the resource possible  without  causing  depletion.  Regulations 
formulated for any given area should also consider adjacent areas, for if 
the regulation of adjacent areas is not coordinated, there is danger of an 
undue burden being placed on one  or  more  of  them.  This  applies 
especially to seasons. If the trout season opens at different times on two 
nearby streams, anglers naturally concentrate on one and then the other. 
Quite naturally, too, the more regulations  there  are  the  more  confusing 
and irritating it is to the angler and the more difficult is made the work 
of the law enforcement officer. A multiplicity of local regulations also 
hinders studies of the effects of management policies.  In  general, 
therefore, regulations should be as uniform as is consistent with basic 
biological  requirements. 

The California Fish and Game Commission (like the Oregon Game 
Commission and the Washington Game Commission) has the power to 
promulgate regulations governing game fish. Such regulations are 
formulated annually. Additional laws and regulations  concerning  game 
fish are enacted by the state legislatures in all three states. 

The  take  is  variously  regulated  by  means  of  bag  limits,  size  limits, 
season limits, closed areas, and restrictions on angling gear and methods. 
One very important fact which must be considered is that only the take of 
the individual angler  is restricted;  the total  annual take  of game  fish is 
not directly limited in any body of water. Under such conditions angling 
regulations will remain a management tool of limited effectiveness in the 
maintenance of the steelhead and salmon fisheries. 

Since  steelhead  are  taken  by  anglers  as  sea-run  adults  and  also  as 
fish which have not yet migrated to salt water, and since the latter are 
very difficult to distinguish from resident rainbow trout, it is inevitable 
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that the freshwater regulations governing the species are quite complex. 
Comparatively little fishing for steelhead exists in offshore waters, and 
so regulations governing such angling are relatively simple. 

It  is  the  general  practice  in  California  (and  also  in  Oregon  and 
Washington) to set up a winter season for the sea-run adults and a 
summer season for the immature and resident fish. 

The daily bag limit in the three states during the winter  season  is 
mostly two or three fish. Oregon and Washington also have weekly and 
seasonal limits, while California does not. 

Oregon and Washington both employ minimum size limits during the 
summer season, while California does not, using other means (such  as 
closed areas and closed seasons) to protect the immature steelhead and 
salmon. 

In California, the laws pertaining to steelhead and salmon angling had 
grown so complex that in January, 1948, the Fish and Game Com- 
mission, on the recommendation of the Bureau of Fish Conservation, 
revised them. These greatly simplified regulations have remained essen- 
tially unchanged since then. 

The present offshore sport fishing regulations for salmon and trout 
provide  a  yearlong  open  season  in  the  northern  part  of  the  State  and  a 
season extending from February 15 to November 15 in the southern part 
with a daily bag limit of three fish in the aggregate in the north and two 
fish in the south; one undersize salmon may be included in this daily bag 
limit. 

The river fishery regulations provide a winter season and a summer 
season for taking trout and salmon. The winter season is designed to 
regulate the fishery for the adult steelhead and salmon. It varies to some 
extent  for  different  groups  of  streams,  with  the  longest  season  for  any 
group extending from November 1st to the last day of February and the 
largest bag and possession limit  consisting  of  three  trout  or  salmon  in 
the aggregate. Fishing in tributary streams other than those listed in the 
regulations is prohibited. 

The summer season is designed to regulate the fishery for juvenile 
steelhead and  salmon.  In  northern  California  steelhead  and  salmon 
waters it extends from the end of May through October, with a bag and 
possession limit of not more than 15 trout and salmon in the aggregate, 
nor  more  than  10  pounds  and  one  fish  in  the  aggregate  in  the  round, 
provided that irrespective of weight at least three such fish in the aggre- 
gate may be included in the daily bag and possession limit. 

Although  these  existing  regulations  are  generally  satisfactory,  some 
changes are desirable. It is especially important that the summer season 
in the coastal steelhead and salmon waters, if permitted at all, open not 
earlier than the end of May. Quite a number of coastal streams are now 
open during May, which is one of the principal periods of seaward 
migration of the young steelhead. Most of these fish are under six inches 
in length. They are too small to provide much pleasure for the true 
sportsman, yet large enough to take good care of themselves and insure 
the survival of a sizable proportion as spawning fish a year or two years 
later. A closed season until the end of May protects large  numbers  of 
stream steelhead that have not completed spawning, as well as a certain 
number of spent sea-run steelhead returning to the ocean. It also affords 
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great protection to the young silver salmon. Most anglers do not distin- 
guish young silver salmon from young steelhead  and  are  unaware  that 
their catches during the early part of May often contain from 30  to  50 
percent young silver salmon. The seaward migration of these fish, prac- 
tically all of which are under six inches in length, is heaviest during the 
month of May. Protection of this migration not only insures better 
angling for the adult silver salmon in the autumn, but also helps to 
preserve the important commercial fishery for this species. 

It is also very important that at least the lagoons and tidal waters of 
all coastal steelhead streams and in some instances additional portions 
of their lower reaches be closed at all times except during  the  winter 
season for adult fish. It is in these portions of the streams that young 
steelhead make their most rapid growth before entering the sea. 

Study is being given to the following possible changes: 
(1) Closure of the summer season and bag limit on September 30th 

instead of October 31st and opening of the winter season on October 1st 
instead of November 1st. 

(2) Extension of the winter season through March 31st instead of the 
last day of February. 

(3) Extension of angling during the winter season to some major 
tributary  streams. 

(4) Abolition of or changes in size limits for ocean-caught 
salmon. Just what would be accomplished by these changes? 
(1) The closure of the summer season on September 30th would 

greatly curtail the take of young steelhead which had  migrated  to  the 
lower reaches of the streams in the spring and remained there through- 
out the summer, making rapid growth. In certain years  of  late  rainfall 
large numbers of such steelhead have been taken in October, especially 
in the Eel River. 

The September 30th closing date would also provide a considerable 
measure of protection for the so-called "half-pounders," the  young 
steelhead weighing usually from one to two and one-half pounds. The 
writers believe that these fish are inadequately protected by present 
regulations. They usually make their appearance in the lower Eel River 
in August  (sometimes  even in  July)  and from then until November 1st 
may be taken legally at the rate  of  10  fish  weighing  one  pound  each 
plus one fish of any size. 

Under the proposed  regulation these fish could still be taken at this 
rate through September 30th, but would be protected in October. 

From October 1st to the last  day  of  February,  inclusive,  they  could 
still be taken along with the large fish, so long as the total number of 
fish did not exceed three. It is hard to believe that a greater daily bag 
limit may be allowed without causing depletion, unless the  taking  of 
small fish be prohibited entirely. 

(2) A study of the merit of extending the winter season through 
March  31st  has  been  proposed  because  of  the  possibility  that  certain 
segments of the runs are not now contributing to the  fishery.  In  other 
words, if the late running fish which ascend the streams in March also 
produce fish which are late running, a resource is not being utilized. 

Shapovalov (1954) has shown that in California such an extended 
winter season would expose 94 percent of all male steelhead and 89 
percent  of  all  female  steelhead  to  angling,  whereas  under  the  present 
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general open season 71 percent of the males but only 53 percent of the 
females are exposed to angling. From the viewpoint of total age, the 
youngest fish run first during the season and are  followed  in 
succession by progressively older fish. Thus, the present general open 
season of November through February, especially in the first three 
months, exposes mainly males and younger fish, while an extension of 
the season through March would expose an additional group in which 
females and older fish predominated. 

Unfortunately, the two most critical factor s bearing on an extension 
of the steelhead  season  have  not  been  determined:  (1)  the  proportion 
of the total run which is being harvested by anglers each year  in 
various types of streams is not known; (2) it is not known if the 
progeny of fish running in March return to spawn primarily in March, 
like their parents, or scatter throughout the season. 

While it is possible that the offspring of steelhead which run  in 
March also return as adults primarily in March, it appears more prob - 
able that they do not, in view of the preponderance of females  in 
March. These late -running fish may be important out of all proportion 
to their numbers in maintaining  the  runs,  since  survival  of  eggs  and 
fry is probably highest from late spawners because  of  reduced  loss 
from floods and in view of the preponderance of females. 

Efforts should be directed toward obtaining the answers to the two 
problems outlined above, but it will take several years to get the 
answers. Until we are sure of the facts, it seems wise to take no chance 
of jeopardizing our valuable steelhead resource. Therefore, the writers 
recommend against any  general  extension  of  the  winter  steelhead 
season at the present time. 

(3) Consideration should be given to the extension of the winter 
season  to  include  some  major  tributaries  which  are  now  closed.  The 
purpose of closing the tributaries for adult fish during the winter 
season has been to protect the fish on their spawning grounds.  The 
theory of such regulation is correct, but the writers do not believe that 
in practice sufficient fish would be taken  in  some  major  tributaries 
now closed to warrant keeping them closed. Extension of the winter 
season open areas, if carried out judiciously, might  prove  to  be  the 
most effective way of increasing the harvest to the maximum allowable 
without injury to the resource. 

(4) Consideration  should  be  given  to  changes  in  the  ocean   size 
limit, or to abolition of minimum size limits altogether. Any changes 
should be made only after careful study, since they could have unfore - 
seen consequences. For example, scale examinations of samples  of 
king salmon caught some 30 years ago and recently indicate  that  the 
taking of the larger fish (and therefore the fish of the older year 
classes) has changed the populations so that now the dominant age at 
maturity is three years instead of four years. 

With the existing size limit, many undersized salmon are caught in 
the ocean fisheries, both commercial and sport. Except for the single 
undersized salmon allowed in a daily sport bag limit, such fish are 
generally released by a flip or violent jerk of the line, which often 
seriously injuries the mouth parts of the fish. Subsequent examination 
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in streams has shown that many such fish survive these injuries, but it is 
not known how many die and the whole question of minimum size limits 
needs further evaluation from this standpoint. 

In conclusion, it may be pointed out that regulations are the one form 
of management which requires no monetary expenditure, except for 
enforcement. It is obvious that good enforcement of sensible regulations 
is essential. 

 

Physical Habitat Improvement 

Physical habitat improvement is perhaps the most obvious type of 
management, other than artificial propagation, in that it produces visible 
results which can be measured at least partially, e.g., in terms of miles of 
spawning stream opened by removal of a dam or other barrier. 

Certainly, it appears sensible to effect all reasonable physical habitat 
improvement before indulging in other forms of management,  if  there 
must be a choice. In northern California, desirable physical habitat im- 
provement includes principally (1) stream clearance (removal of log jams 
and debris clogging stream channels); (2) removal of unused dams and 
reduction of natural barriers; (3) maintenance and improve ment of stream 
flows; (4) uniting of flows at  mouths  of  small  tributary  streams, 
generally  making  entrance  and  exit  for  fish  to  and  from  these  streams 
more accessible; (5) opening channels from streams and  pools  cut  off 
from the main streams at low water; and  (6)  screening  of  water 
diversions. 

There can be but little doubt that improvement of the  type  outlined 
above would aid materially in the conservation of salmon and trout in the 
coastal streams by improving shelter and spawning grounds, making 
spawning grounds more accessible to  adults,  facilitating  egress  of  juve- 
nile seaward migrants from tributaries to the main streams, and assisting 
fingerlings in their ascent of small tributaries when the water in the main 
streams becomes too warm. However, the activation of such a program 
remains a complex matter. 

The principal obstacles to the carrying out of such a program appear to 
be (1) private ownership of property and (2) lack of man power. Some of 
the  streams  in  which  improvements  would  be  desirable  lie  on  National 
Forest land, in State Parks, or on municipally-owned property, but others 
are   on   privately-owned   land.   The   matter   of   personnel   from   the 
Department of Fish and Game working ons private property involves (1) 
the  question  of  the  propriety  of  the  State's  making  improvements  to 
private property, and (2) possible damage suits, for example, in the case 
of damage to property from material from log jams that had been broken 
up.  Despite  these  obstacles,  it  is  believed  by  the  writers  that  such 
improvements would bring so much good to the angling public and to the 
commercial fisheries, that improvements even on private property would 
be justified and that releases to preclude damage suits could be arranged. 

In years of deficient runoff, late summer flows in the lower reaches of 
some   of   the   north   coast   streams,   including   the   Eel   River,   are   not 
satisfactory.  Occasionally  large  numbers  of  adult  fish,  especially  king 
salmon,  which  have  made  their  entrance  from  the  ocean  are  unable  to 
ascend   upstream   and   are   vulnerable  to   natural   mortality   and   illegal 

snagging and spearing. 
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Possibilities of improving the conditions described above through the 
construction of dams from which releases  would be made during the  low- 
water periods should be explored. For example, the U. S. Corps of Engineers 
has found that it would be physically possible to provide a minimum flow of 
up to 300 second-feet in the Eel River at Scotia by the construction of a dam 
on the South Fork of Eel River  near  Rattlesnake  Creek.  Obviously,  most 
such dams cut off some spawning grounds, and in each instance the 
improvement in flows must be weighed against loss of spawning area. 

Physical  improvement  of  streams  through  the  opening  of  mouths  of 
tributaries into the main streams, uniting of side channels with the main 
stream, and improving entrances of small tributaries into main streams may 
be termed the "annual" type of stream improvement,  in  that  much  of  the 
work must be repeated each year. Such work is not spectacular, but is well 
worth while and is not costly. 

The above type of work may be carried out in part by the same men who 
do the fish rescue work, or by regular stream improvement crews. Two men 
working together form an efficient team that can perform all but the heaviest 
work, if provided with the proper equipment. 

There  are  but  few  water  diversions  in  the  north  coast  area  and  so 
screening does not present a major problem there. In Trinity and Siskiyou 
counties, however, diversions are more numerous and adequate screening of 
them to prevent loss of young salmon and steelhead is highly desirable. For 
many years unsatisfactory laws formed a major block to an adequate 
screening program. These laws were revised by the 1951 Legislature and the 
screening of diversions in these two counties is now about 75 percent 
complete. The Department's present program  in  Trinity  and  Siskiyou 
counties has been described by Wales (1948) and Wales, Murphey, and 
Handley (1950). 

One of the most important things that could be done for the improvement 
of the coastal trout and salmon waters would be the prohibition of cutting of 
trees within a certain distance of any stream, say 50 feet to 50 yards, and the 
recommendation is here made that legislation to this effect be sought. Such 
legislation would not only be of help to important fisheries,  both 
commercial and sporting, but would also be of  great  importance  in 
preventing erosion, thus effecting flood control at the source, and in 
maintaining a more esthetically pleasing appearance of our streams for the 
many thousands of sportsmen and vacationists. 

The possibility of environmental improvement through the installation of 
stream improvement devices that are suitable to California's coastal streams 
from the points of view of durability and creation of desired effect should be 
explored further. These devices  should  probably  be  of  the  kind  that  cause 
the stream to create holes by a digging action. An experimental program to 
determine the most suitable types of such devices and to study their 
mechanical action and influence on fish was started  at  Waddell  Creek  in 
1940. The program was discontinued shortly after the start of World War II, 
due to lack of man power, and since the results achieved were inconclusive, 
will not be reported upon at this time. 

In summary, physical habitat improvement in northern California salmon 
and steelhead waters offers  definite  possibilities  which  should  be 
immediately   and   thoroughly   explored   and   exploited   when   found   to 
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be feasible. The general stream clearance and barrier removal program 
should be continued. Some of the specific situations would require the 
expenditure of considerable sums, but might produce results worth  much 
more. Certainly, it seems wise to increase the carrying capacities of the 
streams to the practicable maximum before spending large sums  on  other 
forms of management to increase the numbers of fish. 

 

Biological Habitat Improvement 

By biological habitat improvement is meant the improvement of the 
biological environment for the fishes which it is desired to  maintain.  It 
means the control of predators and competitors, and the maintenance of an 
adequate food supply. Among predators are included animals both within 
and outside the waters: other fishes and snakes, birds, mammals, and 
invertebrates. Competitors are composed chiefly of other fishes. These may 
be competitors for food, for spawning grounds, or simply for space. 
Predators may affect the adults, the immature fish, or the eggs. 

Biological habitat improvement in salmon and steelhead waters has 
received relatively little study, but several leads which  have  been 
uncovered  should  be  followed  up.  Success  in  each  case  is  by  no  means 
certain, but the potentialities are so great that thorough investigation 
should not be neglected. Witness the rough fish control programs that have 
been made possible by the chemical treatment of lakes and reservoirs. 

One promising  lead  was  discovered recently  when  it  was found  in  the 
course of studies made by the Department in Prairie Creek (Briggs, 1953) 
that apparently oligochaete worms are causing considerable  damage  to 
eggs of salmonids in the spawning gravels. If a means of control could be 
found, the survival among the eggs might be increased appreciably. 

Contrary  to  the  hopes  of  some  sportsmen,  there  appears  to  be  little 
reason to expect that much can be accomplished through the introduction 
of the smaller food organisms or of plants. In general, such  organisms 
spread rapidly and easily  by natural means,  and the absence  of desirable 
organisms in a body of water usually means that environmental conditions 
are not suitable for them or comparable forms. 

The introduction of fishes, and mammals such as beaver, is easier to 
accomplish, but is a very complex matter, with manifold ramifications 
within  the  field  of  ecological  relationships,  and  must  be  studied  care- 
fully. It is the belief of the writers that in the coastal streams generally 
the native salmon and trout should be preserved, and that exotic species 
of fishes should not be introduced, unless new and very conclusive 
evidence points in their favor. In nearly all cases the  introduction  of 
exotic species of fishes where a valuable game or commercial fishery for 
native species has existed has yielded unsatisfactory or doubtful results. 
If a native game or commercial fishery has produced unsatisfactory 
results, it will  usually  be  found  either  that  various  man-introduced 
factors have produced depletion,  or  that  natural  environmental 
conditions are responsible for the unsatisfactory conditions. Conse - 
quently, the introduced species are liable to be affected in the same 
manner  by  the  depletion -creating  factors  or  the  adverse  environmental 
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conditions. The remedy then obviously lies in improving such factors and 
conditions for the native species, as discussed in other portions of this 
section. 

The improvement of existing stocks through selective breeding and the 
introduction of various strains or races is a somewhat different matter, and 
offers some promise, particularly in the case of the steelhead. Some work 
along these lines has already been started by the California Department of 
Fish and Game. 

The elimination or control of undesirable species  offers  more  promise 
than the introduction of desirable species, but like the latter is a matter 
involving complex ecological relationships and therefore  possibly 
unforeseen  results. 

The  role  of  birds  as  predators  on  salmon  and  steelhead  should  be 
determined more exactly. An important start  on  one  phase  of  this  subject 
was made in 1938 and 1939 by Elden H. Vestal of the Department's staff, 
who made a study of the feeding habits and other phases of the life history 
of mergansers, the "fish ducks" of local residents, in the Eel River drainage. 

The control of undesirable species of fishes, the so-called "rough fish" 
or "scrap fish," might be executed by several means. Rough fish could be 
removed on a large scale by seining, trapping, or chemical treatment, if it 
is  decided  that  it  is  desirable  to  reduce  their  numbers  or  to  attempt  to 
eliminate them. It might also be possible to control certain of the species 
(e.g., lampreys, sculpins, suckers, and some Cyprinids) by erecting barriers 
in the streams high enough to bar their upstream migration, but low 
enough to permit steelhead and salmon to jump them. Lampreys appear to 
constitute a very real menace to salmon and steelhead in certain instances 
and should receive further study. 

The introduced sunfishes and brown bullhead are probably undesirable 
elements in stream systems such as the Eel and Klamath, but there appears 
to be no economically justifiable way of eliminating them from the entire 
systems. Where they are found locally there is a possibility of eliminating 
them entirely, if the effort is deemed justifiable. 

The matter of predators has been discussed in the preceding section, in 
which it was pointed out that other fishes are usually the most serious 
predators. The possibilities for the control or elimination of undesirable 
species of fish predators have already been noted. The greatest danger in 
making a great issue of predators in general, as is done by many anglers in 
California, lies in diverting attention from other causes of depletion, such 
as diversion of water, deforestation, and overfishing, which  alone  could 
cause depletion, even if no predators existed or if all predators were 
eliminated. 

 
Pollution Control 

 

Strenuous efforts and constant vigilance should be maintained in 
order that all forms of pollution in the salmon and trout streams be 
prevented. Any violations of the pollution laws should be vigorously 
prosecuted and the conditions immediately remedied. In general, in- 
dustrial pollution is not a major problem in the coastal area, being 
confined to isolated instances, principally from wineries, creameries, 
tanneries, dumps,  sawmills,  and  millponds.  Pollution  from  mining  silt 
is  of  considerable  importance  in  the  Klamath  River  watershed;  efforts 
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are now being made and should be continued  to  give  the  utmost  pos - 
sible protection to salmon and trout. Pollution from sewage is not a 
general problem, but has had ill effects in some cases; a number of 
communities are now installing sewage disposal systems. Great dis - 
regard for proper disposal of slashings and unwanted logs from lum- 
bering operations is still practiced. The log jams thus created block 
spawning fish, destroy  spawning  grounds,  and  so  change  the  character 
of the stream bottom that fish food organisms  are  destroyed.  In  his 
1938 survey of the Eel River system, Shapovalov (1939c) found that 
practically every stream whose watershed had been logged off 
contained log jams. Conversely, these were rarely found in streams 
flowing through virgin timber. 

 

Fish Rescue  
The fish rescue work in the north coast area  has  been  very  worth- 

while and should be continued and expanded to provide as complete 
coverage as possible. It should be improved by planning a regular 
stocking program for each rescue crew, this program  to  be  based  on 
need for stocking, rather than on simply accessibility of the  waters 
being stocked. At least one man with each crew should  have  had  fish 
rescue  experience  in  that  area  during  a  previous  year.  This  is  highly 
i mportant for both the fish rescue and the stream improvement. 

Although the numbers of steelhead and salmon rescued in the north 
coast area are impressive  in  themselves,  they  take  on  added 
significance from the viewpoint that it is to be expected that their 
survival is higher than that of hatchery fish of comparable size. 

 

Artificial Propagation 
It is difficult to break old concepts and to think along new lines. But 

when the evidence points strongly in favor of a change of thought, then 
it is fair and necessary to do so. 

For many years it has been the popular conception that  artificial 
propagation of trout and salmon and the stocking of streams were the 
complete solution to the problem of maintaining the fisheries of a stream 
or stream system. It is the writers' belief, however, that stocking  alone 
cannot hope to maintain fishing at its present level in the coastal streams. 
Moreover, the writers believe that the amount of natural propagation is so 
great that even with a very favorable survival rate artificially propagated 
fish would not form more than a minor part of the total production. 
Shapovalov (1939a, 1939b) made the statement that "probably... if no fish 
cultural work had ever been done on the Eel River the quality of fishing 
and the size of the spawning runs would be at least 90 percent of what they 
are today". This statement was based on careful field observations which 
showed no apparent differences between stocked and unstocked streams, 
either in the number of fish present  or  the  quality  of  the  fishing.  It  has 
been shown definitely that adult silver salmon, steelhead, and king salmon 
return to the stream which they left on their seaward migration as young 
fish; consequently, if stocking of the type that  had  been  carried  on  for 
many years (small fingerlings planted mostly in midsummer)  were 
producing results that gave the stocked streams a marked advantage over 
the unstocked streams, the spawning runs in them should have been notice - 
ably  larger,  but  this  was  not  the  case.  The  quoted  statement  was  in  a 
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sense speculative in that it attempted to show what  would  have  taken 
place had not something else been done. Additional support for the 
statement now appears from the fact that since the almost complete 
abandonment of stocking in the Eel River system in 1939 the  runs,  as 
judged by the counts of adults at Benbow Dam on the South Fork of Eel 
River, have not shown a downward trend (Table 90). Of course, change 
of the opening date of trout season from May 1 to the  end  of  May,  a 
limited amount of stream improvement work, and a greatly expanded fish 
rescue program, all in effect since 1938, have to varying and  unknown 
extents contributed to the maintenance of the runs. 

The indicated inefficiency of stocking as carried on in the Eel River 
system should by no means be interpreted to mean that all artificial 
propagation is useless. The experimental programs at Waddell and Scott 
creeks have shown that although extremely  small  returns  may  be 
expected from fish in their first year of life, on the average approx- 
imately 2 to 5 percent of yearling steelhead and silver salmon allowed to 
descend to sea at their normal migration time may be expected to return 
as adults, and that survival among older and larger steelhead is 
considerably higher, increasing with the size and age  of  the  fish. 
Therefore, some stocking of aged fish may be desirable in the coastal 
streams, especially in heavily fished streams. In such case, emphasis 
should be placed on planting yearling fish in barren sections of streams 
above falls and other barriers and the planting of areas in which adverse 
climatic conditions or very small spawning runs have caused subnormal 
natural propagation. In other words, artificial propagation should be 
considered an aid to natural propagation, rather than a replacement of it. 

The most hopeful solution to  the  problem  of  maintaining  successful 
and varied angling in the coastal area of California as a whole appears to 
be  to  provide  summer  fishing  by  planting  aged  trout  in  heavily  fished 
bodies of water, often those blocked to sea-run fish, and to  have  the 
winter fishing for adult salmon and trout depend largely upon natural 
propagation,  aided  by  habitat  improvement,  fish  rescue,  and  specialized 

 
TABLE 90 

 
South Fork of the Eel River (at Benbow Dam): Adult Fish Checked Upstrea m Through Fishway 

 

Year King salmon Silver salmon Steelhead 

1938* 6,051 7,370 12,995 
1939 3,424 8,629 14,476 
1940 14,691 11,073 18,308 
1941 21,011 13,694 17,356 
1942 10,612 15,037 25,032 
1943 7,264 13,030 23,445 
1944 13,966 18,309 20,172 
1945 12,488 16,731 13,626 
1946 16,024 14,109 19,005 
1947 13,160 25,289 18,225 
1948 16,312 12,872 13,963 
1949 3,803 7,495 13,715 
1950 14,357 12,050 15,138 
1951 12,476 11,441 13,774 
1952 7,256 3,711 19,448 

* 1938 refers to counting year 1938-39, etc. 
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stocking. Under such a program summer fishing in the streams in which a 
winter fishery is to be maintained should be limited in the ways 
recommended previously in this report. 

 
SUMMARY 

 

The Steelhead Rainbow Trout, Salmo gairdneri gairdneri Richardson, 
and Silver Salmon, Oncorhynchus kisutch (Walbaum), are two  of  the 
most important fishes found along the Pacific Coast of North America. 
Despite the existence of considerable published information about them, 
quantitative life history data have been lacking. To secure such data, so 
necessary for  sound  regulatory,  stocking,  and  other  manage ment 
programs, a program of study was initiated at Waddell Creek,  a  typical 
coastal stream in Santa Cruz County, California, in 1932. 

The plan of the experiment was to study the steelhead and the silver 
salmon in their natural habitat. 

Waddell Creek was  chosen  as  a  representative  California  coastal 
stream under more or less natural conditions, large enough to possess a 
full biota and small enough to be dammed at reasonable cost, and so 
situated that it could be kept under observational and legal control as a 
unit, with the general public excluded. 

The  information  gathered  at  Waddell  Creek  was  complemented  by 
other types of data (especially egg counts) secured at nearby Scott Creek, 
where a State egg collecting station was located.  "Homing"  and 
"straying" between the two streams were also studied. 

The basic physical portion of the Waddell Creek experiments consisted 
of a dam and two-way trap for counting and examining upstream and 
downstream migrants. This trap has been described in detail by Taft 
(1936). 

The dam and trap were constructed during the summer of 1933 
approximately 7,250 to 9,250 feet above the mouth of the stream (the 
distance depending upon the varying location  of  the  mouth)  and  3,300 
feet above the uppermost limit of tidewater. 

A yearly "season" from October 1 of a given year to September 30 of 
the following year was chosen for the purpose of the studies. At Waddell 
Creek and neighboring streams the spawning seasons, hatch ing seasons, 
periods of emergence from gravel,  and  principal  upstream  and 
downstream  migrations  of  both  juvenile  and  adult  steelhead  and  silver 
salmon are completed within this period. 

All adult fish entering the trap were sexed and measured and scale 
samples were taken from them for life history determination. The number 
of adults of each life history category in each  season  was  thus 
determined. This was the first and most important step in determining the 
population fluctuations from season to season. 

The  second  and  more  difficult  step  was  the  determination  of  the 
number of juvenile fish of each age moving from the  stream  to  the 
ocean in each season. During high water only a  portion  of  the  water 
could be strained through the trap and thus only a portion of the 
downstream migrants could be captured. The percentage of  such  fish 
taken in the trap was calculated through the marking of  trapped  mi - 
grants  by  the  removal  of  alternate  pectoral  fins  and  the  adipose  in 
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each season from 1933-34 through 1937-38 and the recovery of returning 
adults. The total number of migrants in any one year was then calculated 
in accordance with the proportion of marked to  unmarked  fish  of  the 
same life history. 

Waddell Creek is located in central California, entering the Pacific 
Ocean approximately two-thirds of the way from  San  Francisco  to 
Monterey Bay. In its general characteristics it is typical of the great 
majority of California coastal streams of like size.  Moreover,  in  mini- 
ature it is almost a replica of the larger stream systems, such as the 
Klamath and the Eel. This fact is of great importance in that the habits 
and ecology of the trout and salmon in the small streams and large ones 
are basically similar. Consequently, the conclusions regarding the proper 
management of these fishes derived from the present study are 
applicable, at least in the broader aspects, to the coastal streams in 
general. 

Waddell Creek is near the southern border of the humid coast belt. The 
headwaters of most of the streams in this belt are subject to a great deal 
of precipitation during the winter months. The headwaters portion of 
Waddell Creek has a mean annual rainfall of between 55 and 60 inches, 
while the watershed near the coast receives about 30. More than one-half 
of the rain falls during December, January, and February. 

Because of the distinct wet and dry seasons, there are tremendous 
fluctuations in the flow of most of the coastal streams. 

Like nearly all California coastal streams, Waddell Creek terminates in 
a drowned mouth or lagoon, which is subject to tidal  action  when  not 
closed by a sand bar.  Some  streams  have  characteristically  "large" 
lagoons, while others have "small" lagoons. The mouths of only a few of 
the larger California streams (Klamath River, Eel River, Noyo River) 
regularly stay open during the summer months. At Waddell Creek the 
permanent closing date varied from May 11 to October 25 and the 
permanent opening date from October 27 to December 29. 

Waddell Creek has its source in the redwood belt of the Santa Cruz 
Mountains, at an altitude of 1,500 to 2,300 feet. Several small tributaries 
unite to form two main branches, which in turn create the main stream. 
The length from mouth to source is approximately 12 miles. The 
hydrographic basin has an area of 26 square miles. 

The distance from the uppermost limit of tidewater to the junction of 
the East Branch with the West Branch is 14,500 feet. Upstream migrants 
can ascend the West Branch an additional 14,000 feet, and the East 
Branch an additional one mile. Natural falls bar their ascent at  these 
points. 

The current of Waddell Creek is rapid to moderate throughout its 
course. Cascades and deep pools typify the upper reaches of the stream, 
which flow through the Transition Life Zone, characterized here  by  a 
forest of redwood and Douglas fir. The redwoods extend to within a mile 
of the coast at this point. The lower portions  are  broader  and  contain 
fewer deep pools. Gravel and small  rubble  beds,  interspersed  with 
stretches of sandy bottom or coarse rubble, are abundant.  The  stream 
banks are lined by red alder, big-leaf maple, buckeye,  madrono, 
California laurel, and, in the lowermost portion, by willows. 
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The lowermost portion of the stream flows through the Upper Sonoran 

Life Zone. Here several  patches  of  cultivated  grassland  and  crop  fields 
are scattered through a valley, which is about 2,000 feet wide at its 
broadest point and extends inland about 6,000 feet. The hillslopes are 
populated mostly by chaparral, pines, and Douglas fir. The predominant 
sandstone formation is covered with a loose, diatomaceous shale. 

Immediately above  the  lagoon  the  stream  flows  through  a  small  area 
of marshland. The lagoon is bordered by shifting sand dunes. 

Some changes from the primitive condition of the area  have  taken 
place as a result of human usage. Part of the redwood forest was logged 
off by 1870 and is now covered by a second growth. The early lumbering 
operations have resulted in the creation of several  semipermanent  log 
jams and temporary accumulations of logs, which have hastened erosion 
of the stream banks, with consequent increase in silting  during  flood 
stage. 

In common with the other coastal streams from San Francisco to 
Monterey Bay, Waddell Creek contains no strictly fluvial fishes. The 
species regularly found in flowing  (fresh)  water,  besides  the  steelhead 
and silver salmon, are the Prickly Sculpin (Cottus asper), the Aleutian 
Sculpin (C. aleuticus), the Three-spined Stickleback (Gasterosteus 
aculeatus),   and   the   Tidewater   Goby   (Eucyclogobius   newberryi).   The 
only introduced species in Waddell Creek is the Striped Bass (Roccus 
saxatilis), which in some years enters the lagoon from the ocean but 
apparently does not spawn  in  the  drainage.  Lampreys  do  not  enter 
Waddell Creek. 

Several species of aquatic or semiaquatic birds are regularly asso- 
ciated with the stream, but none is found in great abundance. 

The only mammal known to  have  a  direct  relationship  to  the  salmon 
and trout in Waddell Creek is the California Coon (Procyon lotor psora), 
which  eats  dead  or  weakened  spent  adult  steelhead  and  salmon.  No 
beaver or mink are present. 

The assemblage of native aquatic invertebrates in Waddell  Creek  is 
quite varied and is rather typical of the invertebrate life in other coastal 
streams. Nearly all of the aquatic invertebrates have some relation to the 
trout and salmon and most of them are eaten by these fishes to a greater 
or less extent. The introduced (?) crayfish Pacifastacus klamathensis 
apparently increased greatly in abundance during the last three years of 
the studies (1940-42). 

 

Silver Salmon 

In Waddell Creek, and over their range as a whole, silver  salmon 
spawn mostly within the period November-January. The earliest fish was 
taken in the upstream trap during the week ending November 25, and the 
latest during the week ending March 24. However, 81 percent of the fish 
were taken  during  the  six  weeks  December  10-January  20,  and  96 
percent during the nine weeks December 10-February 10. 

During the nine seasons of operation of the upstream trap, 1933-34 
through  1941-42,  2,218  adult  silver  salmon  were  taken.  The  seasonal 
runs varied from 84 (1937-38) to 583 (1934-35). 

Scale examinations and marked fish returns indicated that all adults 
return  either  as  males  in  the  season  following  downstream  migration 
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(age 1/1, one growing season in ocean) or as males and females in the 
second season following downstream migration (age 1/2, two growing 
seasons in ocean).  Other  workers  have  reported  that  the  great  majority 
of silver salmon adults fall into the above age categories, but have noted 
some exceptions. The 1/2 age  class  is  everywhere  the  dominant  one  in 
the fishery. 

At Waddell Creek, the 1/1 fish (all males) formed 18.3 percent of the 
total runs, 1/2 males 39.5 percent, and 1/2 females 42.2 percent. These 
data are in agreement with expected returns, assuming a 1:1 sex  ratio 
among migrants entering the ocean and an equal mortality among males 
and females in the ocean, since some of the males return to spawn after 
only one growing season at sea, while all of the females spend two 
seasons at sea.  They are also  in essential agreement with data obtained 
at Scott Creek and at Benbow Dam on the South Fork of Eel River  in 
northern  California. 

The mean fork lengths of the respective groups were 40.6, 64.7, and 
63.9 cm. (16.0, 25.5 and 25.1 inches). There is a slight, but consistent, 
tendency for males to attain a larger size than females. In general, the 
average size attained by fish of one sex in a given season is pro- 
portionate to the average size attained by the other sex. 

A demarcation line of 49 cm. (19.3 inches) separated 99.1 percent of 
1/1 fish from 1/2 fish correctly and appears to have general application. 

Over the range of the silver salmon, size of fish does not appear to be 
correlated with size of stream. 

There is no correlation between the mean length attained by the grilse 
(age 1/1) of a  given  brood  season  and  the  two-year-ocean (1/2) fish of 
the same brood season. There is also no correlation between the average 
size of the downstream migrants of a given brood season and the adults 
of the same brood season. Thus, the growth made during the last grow - 
ing season outbalances previous growth in determining average size. 

Males  predominate  in  the  early  portions  of  the  run,  while  females 
predominate in the latter portion. Since the sexes and age categories are 
associated, it follows that changes in the representation of the age cate- 
gories also occur throughout the run. 

There is a correlation between the general period of the spawning run 
and the general period of rainfall. Silver salmon (and steelhead) ascend 
both on rising and falling stream levels, but  cease  movement  during 
peak floods. They  move  upstream  mainly  during  the  daytime.  The 
factors influencing fluctuations in upstream movement are "probably 
multiple with complex inter-relationships" (Chapman, 1941). 

Maturation of silver salmon (and other species of Pacific salmons) is 
accompanied by changes in body form and coloration. 

Silver salmon ascend practically all accessible streams within their 
range flowing into the Pacific Ocean, from the largest to the very 
smallest. They do not ascend streams for as great distances as do king 
salmon, red salmon, or steelhead, usually not  proceeding  upstream  in 
large numbers more than 150 miles even in the larger rivers. In Waddell 
Creek, they consistently spawned lower than the steelhead, with 
individual  exceptions. 

Females  choose  the  redd  sites,  as  is  the  case  with  other  species  of 
salmon  and  trout.  The  site  selected  is  typically  near  the  head  of  a 
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riffle (which is also the lower end of a pool) composed of medium and 
small gravel. Usually the site chosen is close to the point where  the 
smooth water "breaks" into the riffle. The nature of the redd site insures 
a good supply of oxygen. 

In its general features the spawning of silver salmon is similar to that 
of other species of salmon and trout. The  female  digs  the  nest.  One  or 
more males, one of which usually  becomes  the  mate,  may  accompany 
her, but do not participate in the digging. In digging the nest the female 
turns partly on her side and with powerful and rapid movements disturbs 
the bottom materials until a roundish depression, at least as deep and as 
long as  the  fish,  has  been  formed. A  portion  of  the  eggs  is  then 
deposited, simultaneously fertilized by the male, and then covered with 
gravel by the female. The female may dig several pits to complete 
spawning, probably normally depositing a few hundred eggs in each one. 
Probably at least 97 percent of the eggs spawned lodge in the pit and are 
properly buried. To complete spawning may take a week or more. 

Probably the over-all percentage loss of eggs as a result of damage by 
subsequent spawners is not large. Superimposition probably causes more 
damage to silver salmon than to steelhead redds, since most of the 
steelhead in California streams spawn after the salmon. 

The rapid burial of eggs precludes any but an insignificant propor tion 
of eggs being eaten by fishes. 

All silver salmon die after first spawning. Death results from physio- 
logical changes independent of the rigors of spawning. 

The calculation of numbers of eggs produced by Waddell Creek silver 
salmon was based on the numbers produced by Scott Creek silver salmon 
of known lengths. Measurements of the eggs were carried out according 
to a method which in essence consisted of dividing the actual total 
volume of eggs from  one  fish  by  the  average measured  volume  per  egg 
for that fish. The total number of eggs contained in these fish was plotted 
in 200-egg intervals against fish length in 1-cm.  intervals  and  a 
regression line fitted to the points by the method of least squares. Since 
the relationship is curvilinear, the regression line was determined on a 
logarithmic scale and later transposed to a linear scale. Its equation is 
Number of Eggs = 0.01153 x Length  2.9403. The correlation ratio,  ,  for 
the relationship between eggs produced and fish length is 0.682. Other 
workers have found a correlation between  number  of  eggs  and  size  of 
fish for various species of salmonids, including other species of Pacific 
salmons. 

The number of eggs left in silver salmon after spawning was found to 
be so small that it was decided not to subtract any number in calculating 
the eggs deposited by Waddell Creek fish which  had  completed 
spawning, but to use the total egg production figures obtained for Scott 
Creek silver salmon of the same lengths and  expressed  by  the  above- 
cited regression line. However, allowance was made for fish which died 
without completing spawning in each season. 

Although quantitative data for Waddell Creek silver salmon are not 
available, there is every indication that the percentage of eggs fertilized 
is very high and rather constant. 

The embryology of the silver salmon is in general similar to that of 
the  other  Pacific  salmons  and  of  trout.  The  number  of  days  required 
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for the eggs to hatch varies from about 38 at an average water tem- 
perature of 51.3 degrees F. to about 48 at an average temperature of 48.0 
degrees F. At the temperatures prevailing in Waddell Creek, the usual 
hatching time is from 35 to 50 days. 

Chemical  conditions  have  some  effect  on  the  rate  of  development  of 
salmon and trout eggs, but probably do not play a significant role within 
the limits found in Waddell Creek and in the great majority of  other 
coastal  streams. 

The percentage of silver salmon eggs which hatch probably varies 
widely under natural conditions, and in Waddell Creek and other coastal 
streams free from mining is likely dependent principally upon the amount 
and character of  silting caused by  floods occurring between  fertilization 
and  hatching.  Such  silting  smothers  the  eggs,  i.e.,  deprives  them  of  the 
oxygen necessary for development. Mining silt has a similar effect. 

Under normal hatchery conditions the hatch is between 80 and 90 
percent of silver salmon eggs taken. 

In Waddell Creek, serious losses probably occur only in the case of 
exceptional floods. Utilization of areas used by earlier spawners has been 
noted on various occasions, but no quantitative estimate of the amount of 
loss can be made, although it is not believed to form a large percentage 
of all the eggs deposited. 

There is no quantitative basis for estimating the average percentage of 
silver salmon emerging from the gravel in Waddell Creek, but the writers 
believe that under favorable conditions it is probably between 65 and 85 
percent of the eggs deposited. Again, silting is probably  the  principal 
factor determining the survival rate from hatching to emergence from the 
gravel. 

Silver salmon fry start emerging from the  gravel  two  to  three  weeks 
after hatching and require in addition two to seven weeks to complete 
emergence, with peak emergence occurring within three weeks of hatch- 
ing. Shallow burial, loose gravel, absence of silt, and high temperatures 
all speed emergence, while  the  opposite  conditions  retard  it.  It  is 
probable that most fish emerge at night. 

As the young fish emerge from the gravel they take up residence in the 
shallow gravel areas, especially at the  sides  of  the  stream,  where  they 
feed avidly and grow rapidly. At first they tend to congregate in schools, 
but as the fish grow these schools  break  up  and  the  fish  spread  up and 
down the stream. Following the peak of emergence there is a marked 
decline in the numbers of fry, caused by mortality rather than emigration. 
At Waddell Creek predatory fishes are believed to make the greatest 
inroads. 

As the fish grow, they gradually move into deeper water and eat 
coarser food. Around July or August they move  into  the  deeper  pools, 
often those with overhanging logs. It appears that about this time the fish 
cease feeding or at least greatly diminish it, since the growth rate slows 
down. High stream temperatures may be the influencing factor in the 
cessation of feeding in late summer. 

During the period of heavy rainfall and lowest temperatures, December 
through February, feeding continues to be light and growth negligible. 
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Following the period of maximum precipitation the fish start making 
extremely rapid growth (March). Rising temperatures and an abundance 
of aquatic food organisms likely influence the fish to resume heavy 
feeding. 

Toward the end of March or sometime in April, approximately a year 
following emergence from the gravel, the fish begin to migrate to  the 
ocean. There is an inverse correlation between average amount of 
growth made to time of migration and the number of migrants (= total 
stream population of age 1 fish). 

During the nine seasons of operation of the trap, 18,362  juvenile 
silver salmon were checked on their downstream migration. Of these, 
18,256 were age 1 fish and only 106 age + fish. 

All  scales  of  adult  silver  salmon  taken  at  Waddell  Creek  show  the 
fish to have migrated to the ocean at age 1, so the juveniles go to sea 
in the same season in which they migrate downstream. 

The great majority of the fish in the spring migration had started 
growth of the new season, even in the early part of the migration. 

Nearly all of the downstream migrants passing through the trap were 
taken during April and May. Observations  in  various  streams  indicate 
that there is little downstream migration prior to this and that few fish 
are   swept   downstream   by   high   water.   Over   95   percent   mi grated 
downstream during the nine-week period April 8-June 9 at age 1 and at 
an average size of from 103 to 117 mm. (4.1 to 4.6 inches).  In  all 
seasons the peak of the migration was reached not earlier than the week 
of April 22-28 and not later than the week of May 20-26. 

The migration as a whole occurs later or earlier in some seasons than 
in others. The "early" seasons are those with generally low  stream 
levels during the migration period for the same dates on which in late 
seasons stream levels were generally high. 

There is a general decrease in the average size of the age 1 fish 
migrating in the spring (the same phenomenon occurs among the steel - 
head of a given age class). The hypothesis is advanced that the fish are 
influenced in starting their downstream migration by both size and 
environmental factors, with the larger fish from all portions of the 
stream migrating first. 

The migrating fish move down in schools; those seen were composed 
of some 10 to 50 individuals.  General  observations  indicate  that  most 
fish move downstream in the night or twilight, although  some  may 
move down during the day. 

The sex ratio among the returning adults indicates that approxi - 
mately a 1:1 sex ratio exists among the downstream migrants. 

General color notes taken during  the  1933 -34  season  indicate  that 
the parr marks were prominent in the earliest migrants of the spring 
migration (March). As the season progressed, the fish became more 
"silvery," with parr marks barely visible. 

The extremely rapid growth made in the sea is well known;  it  is 
shown in Figure 21. 

Little is known regarding the movements of silver salmon in the sea. 
Marked salmon from Waddell Creek have been caught off Fort Bragg, 
200 miles to the north. There is some evidence that silver salmon (and 
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other anadromous salmonids) remain within the limits of the continental 
shelf, which along the California coast extends approximately 100 miles 
from the shoreline. 

Probably the young salmon, on first migrating to the sea, remain fairly 
close  to  the  shoreline.  Very  little  is  known  regarding  how  soon  and  to 
what extent they begin to spread out, but after a few months they begin 
to be taken at various points at sea,  sometimes  in  large  numbers  away 
from the mouth of any stream possessing a run of consequence. 

Evidence indicates that the migrations of the  various  Pacific  salmons 
take place in the  form  of  mass  movements.  Although  little  is  known  of 
the extent to which silver salmon  from  different  streams  mix  while  at 
sea, it is fairly certain that masses of  fish  from  different  streams  visit 
some of the same areas at sea. 

It is the opinion of the present writers that evidence obtained through 
various marking experiments has established as a fact the existence of 
"homing" among anadromous salmonids. Briefly, young salmonids which 
descend from fresh water return to their "parent stream" to spawn. 

The  extent  of  homing  and  straying  among  silver  salmon  between 
Waddell Creek and Scott Creek, 4¾ miles apart, was studied. Figures for 
the  six  seasons  of  marking  (1933-34  through  1938-39)  and  the  seven 
seasons for which returns were possible (1934-35 through 1940-41) show 
that 314 (85.1 percent) fish marked at Waddell Creek returned there and 
55 (14.9 percent) strayed to Scott Creek. Of those marked at Scott Creek, 
41 (73.2 percent) returned there and 15 (26.8 percent) strayed to Waddell 
Creek. (The percentage of straying is considerably larger than among 
steelhead.) 

It appears that the rate of straying from a given stream is fairly 
constant for a given year class, but may  vary  considerably  from  year 
class  to  year  class,  and  consequently  from  the  total  run  entering  in  one 
season to the total run entering  in  another  season.  From  this  it  appears 
that by the time adults first start returning (as 1/1 males) the amount of 
straying that will result has already been  determined  and  is  more 
dependent upon conditions existing up to that time than on conditions 
existing at the time of entry into  the  streams  for  spawning.  The 
hypothesis is advanced that conditions existing at the time of seaward 
migration determine the amount of straying  which  will  take  place  one 
and two seasons later, since there is a tendency toward (1) a positive 
correlation between size of downstream migration  and  rate  of  straying 
and (2) a negative correlation between average size of fish at  down- 
stream migration and rate of straying. In other words, the greater the 
number of downstream migrants and the smaller their size, the greater is 
the amount of straying. The significance of these tendencies has not been 
established. 

Over-all survival (survival to maturity from eggs  produced)  varied 
from 0.02 to 0.30 percent for the six seasons for which complete returns 
were  possible,  with  a  mean  of  0.13  percent.  A  striking  feature  was  the 
inverse correlation between total egg production and survival (the same 
phenomenon was encountered for the steelhead). 

The percentage of survival from time of downstream migration (sec- 
ondary  survival)  varied  from  0.6  to  5.4,  with  a  mean  of  2.3,  on  the 
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basis of marked adults returning to the trap. (The average return to the trap 
from the number marked at the same age (1) was 2.4 percent for steelhead.) 

The calculated percentage of survival from eggs deposited to downstream 
migrants (primary survival) for the four brood seasons (1933-34 through 
1936-37) for which figures were possible was fairly constant, varying from 
1.16 to 1.56, with a mean of 1.35. These  figures  indicate  that  within  the 
limits of conditions encountered during the above four seasons the number 
of downstream migrants is approximately proportional to the number of eggs 
deposited. 

The estimated percentage of survival from downstream  migrants  to 
returning adults for the stream as a whole  varied  markedly,  from  0.98  to 
7.72, with a mean of 4.95, for these four brood seasons. An inverse 
correlation between the number of downstream migrants and the percentage 
of return as adults was found. The over-all survival for these four  brood 
seasons was 0.06. 

The  calculated  survivals,  which  are  based  partly  on  unmarked  fish  of 
unknown origin, may be affected by straying from and to Waddell Creek. 

As a rule, disease is not prevalent among trout and salmon in their natural 
environment. In 1933-34 a disease believed to be furunculosis caused 
abnormal mortality among juvenile silver salmon and other fishes at Waddell 
Creek. 

Deformities are also rare among salmon and trout in their natural 
environment. Only a very few fish with naturally missing fins  were 
encountered at Waddell Creek. 

In general, young silver salmon in fresh water live very largely on insects, 
both aquatic and terrestrial; smaller individuals in salt water depend heavily 
upon marine invertebrates; larger fish in salt water are chiefly piscivorous. 
Probably in most California streams the food of the young silver salmon is 
similar to that of steelhead of the same size. 

 

Steelhead  

Both over its range as a whole and in individual streams, the spawn - 
ing season of the steelhead extends over a much longer period of time 
than does that of the silver salmon. In general, the bulk of the fish enter 
the streams and spawn in the winter or spring, but it is probable that in 
the larger rivers, such as the Sacramento, Eel, Klamath, and Columbia, 
some steelhead enter from the sea in all or nearly all months. 

Roughly, steelhead may be divided into those of the spring run (fish 
in general entering and migrating upstream on dropping stream  levels, 
while quite green, and spawning in the following season) and those of 
the fall run (fish in general entering on rising stream levels,  with 
sexual products in various stages of development, but spawning within 
the same season). Spring-run fish do not occur in Waddell Creek or in 
most other California streams. 

In the section on silver salmon it was pointed out that Waddell Creek 
and  most  other  California  streams  are  closed  by  sand  bars  at  their 
mouths during a portion of the annual dry season, as a result of which 
the entry of the first fish of the spawning run is dependent upon the 
breaking of the bar with the start of the rainy season. The same con- 
sideration, of course, applies to the steelhead. As with the silver salmon, 
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at Waddell Creek (and Scott Creek) some steelhead have entered the 
stream with the first opening of  the  bar,  whenever  that  has  occurred. 
The earliest fish was taken in  the  upstream  trap  during  the  week  end- 
ing- October 28, and the latest during  the  week  ending  July  21.  How - 
ever, 96 percent of all fish were taken during the 22 weeks December 
3-May 5. Within any of these 22 weeks  steelhead  may  be  expected  in 
most California steelhead streams, depending upon  seasonal  weather 
and water conditions. Some steelhead enter northern California streams 
earlier than do any of those running into Waddell Creek and its neigh - 
bors, but even in those streams the spawning season takes place abou t 
the same time as in the southern ones. 

At Waddell Creek there are two peaks, occurring during the weeks 
ending January 6 and March 17, respectively. These peaks so far apart 
result because fish of different sex-life  history  categories  run  at 
different  times. 

It is of interest that 38.7 percent of all fish were taken after February 
28, the usual closing date of the winter steelhead season in California. 
At Benbow Dam on the South Fork of the Eel River 24.2 percent were 
taken after the end of February, and at Sweasey Dam on the Mad River 
(both in northern California) 53.1 percent. 

During  the  nine  seasons  of  operation  of  the  upstream  trap,  1933 -34 
through 1941 -42, 3,888 adult steelhead were taken. The seasonal runs 
varied from 373 (1937-38) to 539 (1934 -35). (These are the same sea - 
sons in which the smallest and largest numbers of salmon were taken in 
the trap.) There was less fluctuation  in  the  size  of  the  seasonal  runs 
than in the case of the silver salmon. 

Steelhead of many  life history  categories made  up the runs in Wad- 
dell Creek. Unlike silver salmon, steelhead migrate  to  sea  at  various 
ages and over a long period within a season, spend varying amounts of 
time in the ocean and return over a fairly long period within a season, 
are capable of spawning more than once, sometimes spawn before their 
first journey to sea, and may even remain in fresh water for their entire 
lives. 

Despite the great number of life history  categories,  on  the  average 
only the following four exceeded five percent of the run: 2/1 (29.8 per- 
cent), 2/2 (26.5 percent), 3/1 (10.5 percent), and 2/1S.1 (8.1 percent). 
Together, these four categories formed 75 percent of the run. 

First  spawners  composed  82.8  percent  (range  70.0-96.1  percent)  of 
all adults, second spawners 15.0 percent,  third  spawners  2.1  percent, 
and fourth spawners 0.1 percent. (At Scott Creek two fish spawning for 
the fifth time have been recorded.) 

Survival beyond first spawning is a function of total age, as well as 
of number of spawnings. No steelhead with a total age  of  more  than 
seven years were encountered. 

It is believed that on the whole the composition of the runs in Wad- 
dell Creek is representative of that in many other Pacific Coast streams 
under natural conditions. In general, (1) at least 59 percent of the fish 
(at Waddell, at least 70 percent) are spawning for the first time (ex- 
cluding  fish  that  have  spawned  prior  to  initial  entry  into  salt  water); 
(2) fish spawning for a second time may  form  an  important  contribu - 
tion, constituting as high as 36 percent of the total run; (3) fish spawn - 
ing for the third time form a very minor part of the total run; (4) fish 
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spawning for the fourth and fifth times form a negligible portion of the 
run; (5) fish of a total age of over six years form a negligible portion of 
the run; (6) no fish more than seven years old have been encountered; (7) 
probably 2/1 and 2/2 fish predominate  among  normal  populations,  with 
3/1, 1/1, 3/2, and 2/1S.I occasionally contributing significantly. 

The rate of growth is so much greater in the ocean than in fresh water 
that it is obvious the ocean growth in general determines the size of fish 
of a given sex and life history category in a given season. 

Generally, males tend to reach a larger size than females among fish 
spending two years at sea before spawning, while females tend to reach a 
larger size than males among fish spending one year at sea. 

Growth is resumed following spawning among all life history cate- 
gories. The greatest increase is made by the smallest fish. 

As in the case of the silver salmon, the size attained by one sex of a 
given life history category is paralleled by the size attained by the other 
sex. This fact, coupled with other data, indicates that  conditions  in  the 
ocean may vary sufficiently from season to season to affect markedly the 
size of steelhead from a given stream.  The  summer  of  1941  appears  to 
have been a very poor one for growth of both steelhead and silver 
salmon. 

The repeat spawners of a given life history category are markedly 
smaller than first spawners of the same ye ar class which have spent the 
same number of seasons in fresh water and in the ocean. 

Waddell Creek steelhead achieve approximately the same length as 
silver salmon of the same life history categories. 

It appears that the size of steelhead is not correlated with the size or 
latitude of the home stream. 

In all seasons but one a comparatively small number of steelhead suc- 
ceeded in jumping over the dam at extreme flood stage. Among such fish 
males were in excess of females out of all proportion  to  the  sex  ratio 
among fish checked through the upstream trap. 

Among both first and second spawners, males predominate in the life 
history categories forming the fish of the lesser total ages, while females 
predominate in those forming the fish of the greater total ages. 

Survival following spawning is higher among females than among 
males.  The  lower  survival  among  males  probably  results  because  the 
males serve more than one female, and so are exposed not  only  to  pro- 
longed physical exertion, but also to the dangers of being stranded by 
lowering flows and the closing of the bar at the stream mouth. 

The sex ratio for the steelhead runs as a whole was one male to 1.1 
females. It is evident that some unnatural factors are operating at egg 
collecting stations  and  other  places  where  females  greatly  exceed 
males, sometimes six to one. 

Females  are  represented  to  some  extent  among  all  categories  of 
steelhead  grilse. 

As in the case of the silver salmon, males predominate in the early 
portions of the steelhead runs, while females predominate in the latter 
portions. 

Since the sexes and life history categories are associated, it follows 
that changes in the representation of the life history  categories  also 
occur  throughout  the  run.  Of  the  principal  categories,  the  2/1  fish  of 
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smaller size predominate in the early part of the run, 2/2 fish reach a peak at 
midseason, and the larger grilse, composed of the 3/1 fish and the larger 2/1 
fish, appear strongly in March or the latter part of February and thenceforth 
increase in relative abundance during the remainder of the season. 

As in the case of the silver salmon, the writers believe that in Waddell 
Creek and similar small streams there is a definite relationship between 
ascension of the streams by spawning steelhead and flow of water, which so 
far it has proved impossible to show quantitatively, because of the existence 
of several variables. Steelhead, like silver salmon, ascend both on rising and 
falling stream levels, but cease movement  during  peak  floods.  In  general, 
they appear to be less exacting than silver salmon as regards the conditions 
under which they will spawn or ascend an obstacle in a stream, such as a 
fishway. 

Steelhead (like silver and king salmon) move upstream mainly in the 
daytime. Fluctuations in movement during the daytime likely are caused by 
factors which are "probably multiple with complex interrelationships" 
(Chapman, 1941). 

The changes in body form and coloration which are associated with 
maturation in sea-run steelhead are of the same character  as  those  in  the 
silver salmon, but usually much less marked. 

The spawning of steelhead is very similar to that of silver salmon. It has 
been described in detail by Needham and Taft (1934). The female chooses 
the redd site, digs the pit, and covers the eggs. One or more males, one of 
which becomes the mate, may accompany the female. A female 60 cm. (23.6 
inches) long dug six or seven pits to complete spawning, averaging a 
deposition of from 550 to 1,300 eggs in each. The completed redd was 
approximately 12 feet long and 5 feet wide (60 square feet). Spawning can 
be completed within 12 hours, but is believed often to take a week or more. 

The writers believe that 97.5 percent would express a minimum average 
for the number of eggs buried in the redds by steelhead. 

It is probable that although the losses resulting from damage to redds by 
subsequent spawners may be severe in individual nests, the percentage loss 
for all eggs deposited in Waddell Creek was small. 

Spawning sea-run steelhead are very often accompanied by stream trout, 
which may eat loose eggs, but whose primary purpose in being present 
probably is to participate in the spawning activities. 

The calculations of numbers of eggs  produced  by  Waddell  Creek 
steelhead were based on the numbers  produced  by  Scott  Creek  steelhead. 
The relationship between fish length and number of eggs produced was 
determined from 562 measurements of the amount (volume) of eggs and the 
size (volume) of individual eggs obtained from manually spawned fish  of 
known lengths. Measurement  of the eggs  was carried out according to the 
method described for the silver salmon. Since only about 90 percent of the 
number of eggs contained in a fish are obtained in ordinary hatchery 
spawning, to obtain the total number of eggs the calculated number was 
multiplied by 1.1. 

The total number of eggs was plotted in 400-egg intervals against fish 
length in 2-cm. intervals and a regression line fitted to the points by the 
method of least squares. Since the relationship is curvilinear,  the 
regression   line   was   determined   on   a   logarithmic   scale   and   later 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 287 

 

STEELHEAD AND SILVER SALMON LIFE HISTORIES 287 
 

transposed to a linear scale. Its equation is Number of Eggs = 0.9471 × 
Length 2. 116 9. The correlation ratio, γ, for the relationship between eggs 
produced and fish length is 0.838. Regressions of eggs produced on fish 
length calculated separately for first spawners and second spawners 
showed such slight differences that a single regression was used. 

The number of eggs left in steelhead after natural spawning was found 
to be so few that no allowance for them was made in calculating total 
egg deposition in the stream. 

Although no quantitative data for Waddell Creek steelhead are avail- 
able, there is every indication  that the percentage  of  eggs  fertilized is 
consistently very high. 

After spawning, the spent adult steelhead which have not succumbed to 
old age, disease, or predators descend to the sea. At Waddell Creek the bulk 
of such "downstreamers" have been taken during the period  April-June. 
Spent adult steelhead typically do not resume feeding while in fresh water. 

The embryology of steelhead is in general similar to that of other trout 
and of salmon; it has been described in detail by Wales (1941). The number 
of days required for steelhead eggs to hatch varies from about 19  at  an 
average temperature of 60 degrees F. to about 80 at an average temperature 
of 40 degrees F. At the temperatures prevailing in Waddell Creek, the usual 
hatching time is from 25 to 35 days. 

As in the case of the silver salmon, silting occurring between fertilization 
and hatching is probably the principal cause of pre-hatching losses. 

The writers believe that under favorable conditions (principally absence 
of  heavy  silting)  the  percentage  of  eggs  hatching  in  Waddell  Creek  is 
comparable to that of hatchery eggs, or 80 to 90 percent of the eggs 
deposited. 

At time of hatching steelhead are approximately 17  to  18  mm.  (0.7 
inch) long and weigh about 0.1 gram (270 fish per ounce). 

Silting is also probably the  principal  factor  in  determining  survival 
rate from time of hatching to emergence from the gravel. The writers 
believe that under favorable conditions the average percentage of steel- 
head emerging from the gravel is between 70 and 85 percent of the eggs 
deposited. 

Steelhead fry probably start emerging from the gravel two to  three 
weeks after hatching and require another two to three weeks to complete 
emergence. Shallow burial, loose gravel, absence of silt, and high 
temperatures speed emergence, while the opposite conditions retard it. 
Shallow burial results in premature emergence. At  time  of  emergence 
from the gravel steelhead are approximately 23  to  26  mm.  (0.95  inch) 
long and weigh about 0.16 gram (180 fish per ounce). 

The behavior of juvenile steelhead during their first year of life, 
especially during the first couple of months following emergence, is 
generally similar to that of  young silver salmon, which has been sum- 
marized previously. 

Soon after the first steelhead have emerged from the gravel, marked 
differences in  size  are  noticeable  among  them.  Such  differences result 
principally from the prolonged spawning season and therefore prolonged 
hatching and emergence periods. 
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Soon after the peak of emergence there is a marked decline in the 
numbers of fry in the stream, due to mortality. Predatory fishes are 
believed to make the greatest inroads. 

As the fish grow, they gradually move into deeper water and eat coarser 
food. However, unlike the silver salmon,  in  late  summer  the  young 
steelhead do not appear to move into the deep, quiet pools, but inhabit 
moderately swift portions of the stream. Diurnal movements within limited 
areas may occur. 

The growth rate of the fish slows down (probably not as early nor as 
markedly as in the case of the silver salmon) in association with the period 
of maximum stream temperatures and minimum flow, with some evidence 
to indicate that the former plays the greatest part. 

Feeding continues to be generally quite light and growth negligible until 
after the period of maximum precipitation, when the fish start making 
extremely rapid growth (usually in March). The resumption of heavy 
feeding is probably influenced both by rising temperatures and  the 
abundance of aquatic food organisms. 

Probably the sex ratio is close to 1:1 among stream steelhead two years 
of age or under. 

Young steelhead exhibit much greater variation in  individual  behavior 
than do juvenile silver salmon. This is most markedly brought out by the 
fact that the young steelhead migrate downstream at various ages from + to 
4, while practically all of the silver  salmon  migrate  downstream  as 
yearlings. While the salmon go to sea almost immediately, some of the 
steelhead remain for a whole season in the lagoon or the lower portion of 
the stream, after which some move out to sea, while others make an 
upstream migration and then a second downstream migration. While most 
of the steelhead go to sea before maturing, some fish of both sexes spawn 
before going to sea, while still others complete their life cycles entirely in 
fresh water. (Among the silver salmon perhaps a  few  males  reach 
precocious sexual maturity prior to  their  seaward  migration,  but  none  of 
the females do so.) There are other variations in the behavior of individual 
young steelhead, especially in regard to feeding  and  growth.  These 
variations in behavior are reflected in the structure of the scales. 

During the nine seasons of operation of  the  trap,  36,779  stream  steel- 
head were checked on their downstream migration. 

Some stream steelhead, unlike the juvenile silver salmon, migrate 
downstream at all times of the year, but the largest numbers migrate in the 
spring and summer, with a secondary migration in the late fall or  early 
winter. Migration during January and February is very light. 

Since it was impossible to examine scales from all of the fish, the age 
classes were segregated according to modal groups of length frequencies, 
with "reading" of scales where overlaps between  the  modal  groups 
occurred. 

The four age classes which, except for occasional older  fish,  make  up 
the downstream migration in each  season  move  down  in  sequence  during 
the main (spring) migration. The oldest appear first and are followed by 
progressively younger fish. 

The 36,779 stream steelhead checked through the trap on their 
downstream  migration  consisted  of  14,734  (40  percent)  fish  of  age  +, 
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14,707 (40 percent) of age 1, 6,938 (19 percent) of age 2, 386 (1 percent) 
of age 3, and 14 of age 4. 

It is probable that the migrations through the trap are indicative of but 
not strictly proportionate  to  the  numbers  migrating  down  in  the  stream 
as a whole. Because of the large volume of water in the early stages of 
the migration, proportionately larger numbers pass uncounted over  the 
dam. Since the older age classes migrate first in the spring migration, it 
is to be expected that they show up in disproportionately small number 
among the fish taken in the trap. 

Possible factors influencing the time of migration and the size of fish, 
and their interrelationships, were summarized for the silver salmon. 
Most of that discussion is also applicable to the steelhead, except in that 
the situation is made still more complex because a  heterogeneous 
population is involved. In the steelhead, each age class must be treated 
as a separate unit. 

The  main  (spring)  migration  occurs  earlier  in  some  seasons  than  in 
others, as was the case with the silver salmon. Similarly, the early 
seasons are  those  with  generally  low  stream  levels,  while  the  late 
seasons are those with generally high stream levels. 

The  fish  that  migrate  down  in  the  late  fall  are  principally  of  the 
previous season's year class. These migrations exhibit a  fluctuating 
character, apparently through the influence of the fall rains. The fall 
migration probably should  properly be thought  of as the  tail-end of the 
spring migration of age + fish, which has been interrupted by low water 
and perhaps other factors associated with low water. 

Climatic factors not only affect the general starting time of the main 
(spring) migration, but also create breaks in its pattern. 

As  the  spring  migration  as  a  whole  is  retarded  or  advanced  within  a 
season, so the age composition pattern within the migration is pushed 
backward or forward. As a result, the age composition of the fish  mi- 
grating at any given time in two seasons may be quite different. Also, the 
strength of a given age class, i.e., its representation within a season both 
in absolute numbers and in proportion to the other age classes 
individually and as a whole, varies considerably from season to season. 

As a rule, there is a distinct increase in the length of a fish of a given 
age class within a season between the end of the fall migration and the 
beginning  of  the  spring  migration.  Scale  examinations  reveal  that  the 
great majority of the fall migrants have completed or nearly completed 
growth of the season, while the great majority  of  the  spring  migrants, 
even the early ones, have renewed growth. The increase in size within an 
age class therefore represents growth made by that age class as a whole. 

Through the season there is often a decrease in the average size of the 
migrants of a given age class. This phenomenon results because  the 
larger individuals of the age class migrate earlier than the smaller ones. 

The summarized hypothetical picture of the downstream  migration of 
silver salmon, as regards time of migration and size of fish, applies also 
to the steelhead. 

The  extent  of  schooling  at  migration  time  has  not  been  noted  suffi- 
ciently to be recorded at this time. Young steelhead do school in streams 
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under certain conditions, individuals of the same size tending to group 
together. 

General observations indicate that some fish move down at all hours of 
the day and night, but that the bulk of the fish move downstream during 
the night or at least at twilight. 

Parr marks are generally pronounced on the smaller migrants and such 
fish are not "silvery," while the larger ones are silvery. Migrants with 
"rainbow" coloration (prominent parr marks and rich body and fin 
coloration) are usually sexually mature and are believed to be mainly the 
offspring of stream fish. 

During  the  nine  seasons  of  operation  of  the  trap,  3,104  upstream 
migrant stream steelhead were checked (seasonal variation 37 to 1,271). 
The peak of this migration usually occurs close to the beginning of the 
calendar year, and a secondary, quite minor rise takes place near the end 
of July. The latter migration is composed of fish younger than those 
migrating in the winter. 

The  upstream  migration  is  composed  of  fish  that  had  previously  mi- 
grated downstream and spent some time in the lagoon (or the section of 
the stream below the dam) and fish that had hatched below the dam. Like 
the downstream migrants, they are probably composed  largely  of 
offspring of sea-run fish but to a minor extent of offspring of stream fish. 
Most of the upstream migrants make a subsequent downstream migration 
in the same  season  (some  after  spawning).  Probably  follow ing  this 
second migration most of them go to sea. 

The 3,104 upstream migrants consisted of 44 (1 percent) fish of age +, 
893 (29 percent) of age 1, 1,637 (53 percent) of age 2, 478 (15 percent) 
of age 3, 51 (2 percent) of age 4, and 1 of age 5. The upstream 
migrations do not involve sampling, but represent the entire runs. 

Both sexes are represented in the upstream migration  of  stream 
steelhead,  but   the  available   data   are  insufficient   to   warrant  definite 
conclusions regarding the sex ratio. Many of the fish are sexually mature. 

As in the case of the silver salmon, the extremely rapid growth made by  
steelhead  in  the  sea,  as  compared  with  that  made  in  fresh  water,  is 

well  known.  Probably  the  young  steelhead,  on  first  migrating  to  the 
ocean, remain fairly close to the shoreline. How soon and to what extent 
they begin to spread out is not known, and practically nothing is known 
regarding their movements in the sea. For unknown reasons, very few are 
caught at sea by commercial salmon trollers. Almost nothing is known of 
the extent to which steelhead from different streams mix while in the sea. 
It is not known, but is not improbable, that steelhead in the sea, like the 

Pacific salmons, migrate in schools. 
The views of the writers regarding "homing" among anadromous 

salmonids were expressed in the summary  discussion  of  silver  salmon 
and will not be repeated. During nine seasons of marking (1931 through 
1938-39) and nine seasons during which returns were obtained (1933- 
34 through 1941-42) 476 (98.1 percent) steelhead marked at Waddell 
Creek returned there and 9 (1.9 percent) strayed to  Scott  Creek.  Of 
those     marked     at     Scott     Creek,     932     (97.1     percent)     returned 
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there and 28 (2.9 percent) strayed to Waddell Creek. Thus, the rate of 
straying among  steelhead is  considerably less  than among  silver salmon 
for the streams involved. 

The  simplest  procedure  to  calculate  survival  to  maturity  among  sea- 
run steelhead at Waddell Creek is to calculate the number of eggs 
deposited in a given season and then to total the numbers of sea-run fish 
of that brood season returning to spawn for the first time. Survival 
calculated in this manner may be termed primary over-all survival. 

In calculating primary over-all survival, the first spawners among the 
fish comprising the estimated total run into Waddell Creek were divided 
into total age classes. It was then possible to assign all returning first 
spawners to the proper brood season (season in  which  they  were 
produced), and to express them as a percentage of the  number  of  eggs 
which  produced  them.  The  percentage  of  survival  varied  from  0.017  to 
0.028 for the four seasons for which returns were complete or practically 
complete, and from 0.017 to 0.029 when an additional season (1937-38), 
for  which  the  number  of  five-year-old  returning  fish  was  not  available 
but was calculated on the basis of the average return of five-year-olds in 
the other four seasons, was included. In the former case the percentage is 
0.021 and in the latter case it is 0.023. The latter figure is used for the 
purposes of the present report. 

One of the striking features to be noted is the inverse correlation 
between total egg production and survival percentage (the same phe- 
nomenon was encountered among the silver salmon). 

In calculating the number of eggs produced by each spawning run, the 
number of eggs produced by each fish was calculated on the basis of the 
egg number-fish length relationship previously established. 

Altogether, returns were obtained for 383 marked first spawners.  Of 
these, 220 (57.4 percent) had made their initial downstream migration at 
age 2 (in their second year), 116 (30.3 percent) at age 1, and 45  (11.8 
percent) at age 3. There was one fish apiece in the + and 4 groups. 

The ages at initial downstream migration of these adult first spawners 
occur in quite different proportions from those of the 12,679 downstream 
stream fish which produced  them.  This  results  both  from  differing 
survival rates among downstream stream fish  of  different  ages  and  the 
fact that varying percentages of the downstream fish remain in the stream 
for an additional season. 

Of the 383 fish under discussion, 237 (61.9 percent) migrated to sea in 
the season of marking, while 146 (38.1  percent)  migrated  in  the 
following season. Of the latter, three made an upstream migration and a 
second downstream migration, while the remainder stayed in the stream 
below the dam, most likely in the lagoon in the great majority of cases. 

Among the age 1 group, only 9 (7.8  percent)  had  migrated  in  the 
same season and 107 (92.2 percent) in the following; among the age 2 
group, 196 (89.9 percent) had migrated in the same season and only 24 
(10.1 percent) in the following; among the age 3 group, 31 (68.9 
percent)  had  migrated  in  the  same  season  and  14  (31.1  percent)  in 
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the following. This sequence, but not order  of  magnitude,  is  also  true  for 
each sex. Within each age group a greater proportion of the females than of 
the males had migrated in the following season. 

Of the 383 adult first spawners under discussion, 303 (79.1 percent) had 
migrated to sea at age 2, 55 (14.4 percent) at age 3, 15 (3.9 percent) at age 4, 
and 10 (2.6 percent) at age 1. 

A comparison of probable age as  downstream migrant with age at entry 
into ocean shows striking differences between them in the representation of 
the different age groups. Although the age 2 fish are dominant in both cases, 
they are much stronger among the latter group. The age 1 fish represent 30.3 
percent of the former group, but slump to only 2.6  percent  in  the  latter. 
These examples show how easy it would be to reach erroneous conclusions 
regarding survival by considering the downstream migrants to be equivalent 
to seaward migrants. 

Survival to adult first spawning for the 12,679 fish marked  on  their 
initial downstream migration was as follows: age +, 1 out of 3,820 ( + 
percent) ; age 1, 116 out of 4,811 (2.4 percent) ; age 2, 220 out of 3,793 
(5.8 percent) ; age 3, 45 out of 249 (18.1 percent) ; age 4, 1 out of 6 (16.7 
percent). Since size of fish is correlated positively with age, there is also a 
positive correlation between size at time of marking (initial downstream 
migration) and survival to first spawning. 

In no instance did a marked fish return for first spawning later than the 
third season following marking. Thus, probably in most California coastal 
streams in which it is desired to carry out marking of stream juvenile 
steelhead and secure survival rates in terms of returning first-spawning, sea-
run adults, returns should be sought for three seasons following season of 
marking, but need not be watched for beyond that. 

In  order  to  determine  the  survival  from  eggs  deposited  to  downstream 
migrants it was  necessary to  know the total number  of downstream 
migrants, including those that went over the dam uncounted and those that 
were produced below the dam. In the case of the  steelhead,  all  of  the 
young fish do not migrate to the ocean at the same age  at  which  they 
migrate downstream, so the total  number  of  downstream  migrants  could 
not be calculated simply by applying the ratio of marked to unmarked fish 
among the adults of a given brood year to the marked downstream 
migrants of the same  brood year. The  calculation of the total  number of 
downstream migrants was therefore made by a less  direct  method, 
illustrated by Tables 78 and 79. 

The general occurrence of disease among trout and salmon under natural 
conditions was summarized for the salmon and will not be repeated. At 
Waddell Creek some mortality occurred among unspawned steelhead from 
some form or  strain  or  furunculosis,  particularly  during  the  1933-34 
season, when 161 dead adults in all were found. It is estimated that  17 
females died without spawning during that season. In all other season s 
mortality is believed to have been much less. Estimates of  the  numbers 
which died without spawning or spawned only partially  were  made  for 
each season and considered in calculating egg production and survival. 

Abnormal  mortality  among  adults,  such  as  that  caused  by  furuncu - 
losis in 1933 -34, of course results in abnormally low numbers of repeat 
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spawners in subsequent seasons. Thus, in 1934-35 the number of repeat 
spawners was the lowest on record, a further indication that mortality in 1933-
34 was correctly assessed as being the heaviest. 

The extent of losses from furunculosis among the stream steelhead is not 
known exactly, but is not believed to have been nearly as severe as among 
adults. 

Freshwater copepods (Salmincola californiensis) were found attached to 
many of the downstream migrants,  but  apparently  cause  no  serious 
damage. These copepods were found much more  frequently  on  the 
steelhead than on the salmon migrating downstream at the same time. 

No downstream migrant stream steelhead with fins  completely  missing 
were recorded. 

It is not improbable that throughout the life history of the steelhead its 
food is  similar  to  that  of  the  silver  salmon:  juveniles  in fresh  water  live 
very largely upon insects, both aquatic and terrestrial; smaller individuals 
in salt water depend heavily upon marine invertebrates (and those in 
brackish water, especially in lagoons, on brackishwater crustaceans); the 
larger fish in salt water are chiefly piscivorous. 

 

Predators 

Inasmuch as one of the main purposes of the project  was  to  study  a 
stream under as nearly as possible  natural  conditions,  suspected  preda- 
tors were not killed because of the danger of upsetting the biological 
balance. Evaluations of the effects of various possible predators are 
therefore based on incomplete data and observations on other streams. 

In Waddell  Creek  and  other  California streams  juvenile  silver  salmon 
and steelhead are probably most heavily preyed  upon  by  juvenile 
steelhead. Freshwater sculpins (Cottus) are  probably  important  predators 
in most Pacific Coast streams; at Waddell Creek and  probably  in  most 
other streams Cottus asper is the species which causes the greatest 
damage. Stomachs of sculpins taken from the downstream trap contained 
considerable numbers of young  trout  and  salmon.  That  confinement  of 
the fish in the trap aided the sculpins in capturing their prey is probable. 
During the period immediately following emergence from the  gravel 
some young fish may also be eaten  by  juvenile  silver  salmon  of  older 
year classes; this has not been noted in Waddell Creek but has been 
reported from another stream (Pritchard, 1936b). Other predators on fish 
of such small size are limited in  Waddell  Creek  and  most  other 
California streams to the dipper and to garter snakes. Usually these two 
are not sufficiently numerous to be the principal cause  of  loss  at  this 
stage. 

As the young salmon and trout grow, the percentage of loss declines, 
but they become attractive as food to  an  increasing  number  of  preda - 
tors. When they are too large to be taken by  the  dipper,  the  smaller 
garter snakes, and many of the steelhead, they are taken in varying 
amounts by fish-eating birds (kingfishers, blue herons, and  others).  In 
some cases, striped bass may make serious inroads upon the seaward 
migration. The losses caused by each of these depend upon a variety of 
factors, including the size of  the  populations  of  trout  and  salmon  and 
the predators, the abundance of other foods for the predators, the char - 
acter   of   the   stream   and   the   particular   portion   of   the   stream,   and 
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climatic and water conditions. Some of  the  predators  are  able  to  secure 
fish in appreciable quantities only when the latter are confined to drying 
pools or some spot like the traps at Waddell Creek. 

The American osprey and American merganser, which may be serious 
predators in other California salmon and trout waters, are absent from the 
Waddell Creek area or are rare visitants. 

Sea-run steelhead and silver salmon, except individuals dying after 
spawning  or  from  old  age,  disease,  or  injury,  are  subject  to  very  little 
predation from any source once they have entered fresh water. It is 
probable that less than 1 percent of the run of either species is normally 
taken by predators in any stream in California. 

Considerable  losses  occur  among  both  silver  salmon  and  steelhead 
between the time that they leave fresh water and the time that they return 
as adults. Little is known of the life of salmon and trout at sea, but it is not 
improbable that the major mortality is caused by predators, of which there 
are some capable of preying on salmon and trout of all sizes. 

Sea lions have been accused of extensive depredations on steelhead and 
salmon by  sportsmen  and  commercial  fishermen.  The  extent  of  such 
depredations is difficult to determine, largely because of the difficulty in 
securing stomachs of sea lions at the proper time of the year. 
Circumstantial evidence that sea lions feed on salmon and steelhead lies in 
the appearance of the sea lions near the mouths of California  streams 
during the time of entry of salmon and steelhead. The  extent  of 
depredations by sea lions is of particular interest in the case of Waddell 
Creek in view of the fact that the largest Steller sea lion rookery in 
California is located only a little over three miles away, on  Año  Nuevo 
Island. 

 

Management 
 

Proper recommendations for the management of any species should 
consider that species in relation to its total environment, including the 
human beings who will be concerned with its utilization. To be able to 
formulate such recommendations, however,  it  is  first necessary to know 
the basic facts about the biology of the  species  concerned.  To  gather 
these basic facts and present them in usable form has been the main 
function of the present study. 

The problems that concern the steelhead have  been  well  presented by 
Taft (1933). Intensive fisheries for both the adult and immature steelhead 
create too great a drain  on  the  species.  Most  California  coastal  streams 
can support only limited numbers of fish of angling size. 

By  contrast,  immature  silver  salmon  (and  king  salmon)  are  subjected 
to relatively little fishing. The adult salmon, however, must withstand, in 
addition to the sport fishery,  an  extensive  commercial  fishery.  The 
numbers of seaward migrants must be great enough to maintain these 
fisheries with adequate numbers of adults. 

Many of the problems encountered and many of the ill effects on the 
fishes have resulted from the methods of land and water use  now  in 
effect. Control over these factors lies largely outside the province of the 
Department of Fish and Game. 

Sometimes different management methods will give the same results. 
The  choice  of  methods  must  often  depend  upon  the  desires  of  the 
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angling public, plus the funds, facilities, and personnel available to 
conservation  agencies. 

It is to be expected that many phases of the impending vast develop- 
ment of the northern areas of the world will adversely affect the salmon 
fisheries of those areas in the manner that has taken place in the United 
States, with the result that the salmon fisheries of California will assume 
a relatively more important position. 

A sound program of management should include wise conservation 
legislation, good enforcement of this legislation, improvement of the 
physical and biological habitat, pollution control, and fish rescue and 
artificial propagation, when and if necessary. 

Regulations governing the taking of salmon and steelhead should be 
designed to provide the  maximum sustained yield,  that is, the widest use 
of the resource possible without  causing  depletion.  Regulations 
formulated for any given area should be coordinated with the regulations 
for adjacent areas, to avoid danger of an undue burden being placed on 
one or more of them. In general, regulations should be as uniform as is 
consistent with basic biological requirements. 

Since in areas open to public fishing only the take  of  the  individual 
angler is restricted and the total annual take is not directly limited in any 
body  of  water,  regulations  will  remain  a  management  tool  of  limited 
effectiveness in the maintenance of the steelhead and salmon fisheries. 

The existing regulations are  generally  satisfactory,  but  some  changes 
are desirable. 

It is especially important that the summer season in the coastal steel- 
head and salmon waters, if permitted at all, open not earlier than the end 
of May, to protect the heavy  downstream  migration  of  young  steelhead 
and silver salmon at that time. 

It is also very important that at least the lagoons and tidal waters of all 
coastal  streams  be  closed  except  during  the  winter  angling  season.  It  is 
here that young steelhead make their most rapid growth before entering 
the sea. 

Physical habitat improvement in northern California salmon and 
steelhead waters offers definite possibilities which should be  immedi- 
ately and thoroughly explored and exploited when found to be feasible. 
Certainly, it seems wise to increase the carrying capacities of the streams 
to the practicable maximum before spending large sums on other, more 
expensive forms of management to increase the numbers of fish, if there 
must be a choice. 

In northern California, desirable  physical  habitat  improvement  in- 
cludes principally (1) stream clearance (removal of log jams and debris 
clogging stream channels); (2) removal of unused dams and reduction of 
natural barriers; (3) maintenance and improvement of stream flows; (4) 
uniting of flows at mouths of small tributary streams, generally making 
entrance and exit for fish to and from these streams easier; (5) opening 
channels from streams and pools cut off from the main streams  at  low 
water; and (6) screening of water diversions. 

Legislation prohibiting the cutting of trees within a  prescribed  dis- 
tance of any stream would contribute importantly to the improvement of 
the coastal trout and salmon waters. 
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Biological habitat improvement in salmon and steelhead waters has 
received relatively little study, but several leads which have been un- 
covered should be followed up. Success in each case is by no  means 
certain, but the potentialities are so great that thorough investigation 
should not be neglected. 

The improvement of existing  stocks  through  selective  breeding  and 
the introduction of various strains or races offers some promise, par- 
ticularly in the case of the steelhead. 

The elimination or control of undesirable  fishes  offers  more  promise 
than the introduction of desirable species, but like the latter is a matter 
involving complex ecological relationships and therefore possibly un- 
foreseen results. The control of these unwanted fishes might be executed 
by  seining,  trapping,  or  chemical  treatment.  Control  of  certain  of  the 
species (e.g., lampreys, sculpins, suckers, and  some  Cyprinids)  might 
also be effected by erecting barriers in  the  streams  high  enough  to  bar 
their upstream migration, but low enough to permit steelhead and salmon 
to jump them. Lampreys appear to constitute a very real menace to 
salmon and steelhead in certain instances and should receive further 
study. 

In  general,  industrial  pollution  is  not  a  major  problem  in  the  coastal 
area, being confined to isolated instances, principally from wineries, 
creameries, tanneries, dumps, sawmills, and millponds. Pollution from 
mining silt is of considerable importance in the Klamath River watershed. 
Pollution from sewage is not a general problem, but has had ill effects in 
some cases. Proper disposal of slashings and unwanted  logs  from 
lumbering operations is frequently disregarded. The log jams thus created 
block spawning fish, destroy spawning grounds,  and  so  change  the 
character of the stream bottom that fish food organisms are destroyed. 

The fish rescue work in the north coast area has been very worthwhile 
and should be continued and expanded to provide as complete coverage 
as possible. 

For  many  years  it  has  been  the  popular  conception  that  artificial 
propagation of trout and salmon and the stocking of streams were the 
complete solution to the problem of maintaining the fisheries of a stream 
or stream system. It is the writers' belief, however, that stocking  alone 
cannot hope  to  maintain fishing  at  its present  level  in the  coastal 
streams. Moreover, the writers believe that the amount of natural 
propagation is so great that even with a very favorable survival rate 
artificially propagated fish would not form more than a minor part of the 
total production. 

The inefficiency of stocking as carried on in the past does not mean 
that all artificial propagation is useless. The experimental programs at 
Waddell and Scott creeks have shown that although extremely small 
returns may be expected from fish in their first year of life, on  the 
average approximately 2 to 5 percent of yearling steelhead and silver 
salmon allowed to  descend  to  sea  at  their  normal  migration  time  may 
be expected to return as adults, and that survival among  older  and 
larger steelhead is considerably higher,  increasing  with  the  size  and 
age of the fish. Therefore, some stocking of aged fish may be desirable 
in the coastal streams, especially in heavily fished  streams.  In  such 
case,  emphasis  should  be  placed  on  planting  yearling  fish  in  barren 
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sections of streams above falls and other barriers  and  the  planting  of 
areas in which adverse climatic conditions or  very  small  spawning  runs 
have caused subnormal natural propagation. In other words, artificial 
propagation should be considered an aid to  natural  propagation,  rather 
than a replacement of it. 

The most hopeful solution to  the  problem  of  maintaining  successful 
and varied angling in the coastal area of California as a whole appears to 
be to provide summer fishing by planting aged trout in  heavily  fished 
bodies of water, often those blocked to sea-run fish, and to  have  the 
winter fishing for adult salmon and trout depend largely upon natural 
propagation, aided by habitat improvement, fish rescue, and specialized 
stocking. Under such a program summer fishing in the streams in which a 
winter fishery is to be maintained should be limited in the ways 
recommended previously in this report. 
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TABLE A-1 

 
Waddell Creek, Silver Salmon: Adults Checked Upstream Through Trap; Mean Lengths (in cm.) 

by Brood Seasons 
 

 
Brood season 

1/1 ♂♂ 1/2 ♀♀ 1/2 ♂♂ 

Number Mean length Number Mean length Number Mean length 

1930-31 --- --- 152 65.7 177 65.2 

1931-32 118 39.8 275 64.0 287 63.2 

1932-33 21 41.2 33 65.8 39 63.9 

1933-34 56 41.0 104 65.8 107 64.3 

1934-35 3 42.5 42 66.1 22 67.2 

1935-36 20 39.6 29 63.2 40 63.6 

1936-37 17 39.5 88 67.8 126 65.9 

1937-38 52 41.8 93 64.3 105 62.5 

1938-39 65 42.4 66 59.2 77 58.9 

1939-40 4 40.2 -- -- -- -- 

Totals 356 40.9* 882 64.7* 980 63.8* 

* An average of the seasonal means, the assumption being that seasonal means are representative of 
seasonal conditions. 

 

 
TABLE A-2 

Scott Creek, Silver Salmon: Data Used in Calculation of Volume Factor (F) 
 

 
Date 

 
Fish 
no. 

 
Counted no. 

eggs 

 

Measured 
vol. of eggs 

(cc.) 

 
Vol. per egg 

(cc.) 

 
Actual vol. 

of eggs (cc.) 

 
Volume 

factor (F) 

 
No. eggs 
measured 

Jan. 16, 1936 27 2,789 805 0.213 594 0.738 90 (9 lots) 
Jan. 30, 1936* 31 2,782 995 0.2226 619 0.622 50 (5 lots) 

 
0.738 + 0.622 = 1.360 

 
* Stray from Waddell Creek. 

1.360 

2 

 
= 0.680 = Average volume factor (F) 

NOTE: The volume factor was also calculated for two other fish, for which the data are tabulated below. How- 
ever, these data were not used, since the measured egg volumes approached the extremes of the egg volume fre- 
quency distribution, Table A-3 of the Appendix. Admittedly, it would be desirable to have a larger series of 
measurements and counts to test the validity of the volume factor used, but such data are not available. Its 
validity is substantiated to a certain degree by the closeness of the volume factor found for steelhead (0.674), 
using the same methods and apparatus. 

 

 
Date 

 

Fish 
no. 

 

Counted no. 
eggs 

Measured 
vol. of eggs 

(cc.) 

 

Vol. per egg 
(cc.) 

Actual vol. 
of eggs 

(cc.) 

 

Volume 
factor (F) 

 

No. eggs 
measured 

Jan. 8, 1936 13 4,479 1,325 0.187 838 0.632 90 (9 lots) 
Feb. 6, 1936 41 1,396 350 0.2103 293 0.840 30(3 lots) 
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TABLE A-3 

Scott Creek, Silver Salmon: Volumes of Eggs Obtained From 40 Spawned Fish, 1935-36 
 

Measured vol. of eggs (cc.) No. of  fish  Measured vol. of eggs (cc.) No. of fish 

350-399 1 900 4 

400 -- 950 4 

450 -- 1,000 1 

500 1 l,050 3 

550 2 l,100 -- 

600 5 l,150 -- 

650 3 1,200 -- 

700 2 l,250 -- 

750 6 1,300 1 

800 4  
Total 

 
40 

850 3 
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TABLE A-4 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1933-34, by Two-week Periods 
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N
o 

R
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N
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R
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N
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R
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N
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R
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-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 
45 -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- 2 
50 -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- -- -- 2 
55 -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- (1)* -- -- -- --- (1)* -- (2)* + 2 
60 -- -- -- -- -- -- -- -- -- -- -- -- 4 -- -- -- -- -- -- -- -- -- 4 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
80 -- -- -- -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
85 -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 2 
90 -- -- -- -- -- -- -- 1 2 -- -- 4 2 1 -- -- -- -- -- -- -- 1 10 
95 -- -- -- -- -- -- -- 2 2 1 8 18 5 2 -- -- -- -- -- -- -- -- 38 
100 -- -- -- -- -- -- -- -- 1 7 47 76 20 3 -- -- -- -- -- -- -- -- 154 
105 -- -- -- -- -- -- -- -- 2 22 165 151 23 †5 (39) -- -- -- (1)† -- -- -- -- (40)† + 369 
110 -- -- -- -- -- -- -- -- 2 42 313 279 44 4 -- -- -- -- -- -- -- -- 684 
115 -- -- -- -- -- -- -- -- 2 54 370 316 44 3 -- -- -- -- -- -- -- -- 789 
120 -- -- -- -- -- -- -- -- 6 79 306 288 30 2 -- -- -- -- -- -- -- -- 711 
125 -- -- -- -- -- -- -- -- -- 61 165 117 13 2 -- -- -- -- -- -- -- -- 357 
130 -- -- -- -- -- -- -- -- -- 17 65 47 5 -- -- -- -- -- -- -- -- -- 134 
135 -- -- -- -- -- -- -- -- -- 3 41 17 4 2 -- -- -- -- -- -- -- -- 67 
140 -- -- -- -- -- -- -- -- 1 3 21 6 1 -- -- -- -- -- -- -- -- -- 32 
145 -- -- -- -- -- -- -- -- -- 1 11 5 2 2 -- -- -- -- -- -- -- -- 21 
150 -- -- -- -- -- -- -- -- -- -- 3 -- 1 -- -- -- -- -- -- -- -- -- 4 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 1 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
Totals -- 1 -- -- -- 2 -- 4 18 291 1,516 1,324 204 66 -- 1 -- 1 -- -- 1 1 3,430 

* Recorded only as 3 inches or under, 
† Recorded only as over 3 inches. 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 310/311 

TABLE A-5 

 

 
Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1934-35, by Two-week Periods 
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------- 
------- 

4 
14 

------- 
3 

(12)* + 7 
4 
3 
3 
4 
2 
8 

17 
60 

232 
(5)† + 445 

719 
724 
617 
345 
183 
90 
36 
12 
11 
9 
3 
1 

Totals 4 2 1 10 -- -- 1 2 -- -- 2 1 1 27 249 1,636 1,179 402 34 13 6 -- -- 2 -- 1 3,573 

* Recorded only as 3 inches or under. 
† Recorded only as over 3 inches. 
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TABLE A-6 
Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1935-36, by Two-week Periods 

 

 

 

 
 

Length 
in mm. 

 O
ct

 1
-1

4 

 O
ct

. 1
5-

28
 

 O
ct

. 2
9-

N
ov

. 1
1 

 N
ov

. 1
2-

25
 

 N
ov

. 2
6-

D
ec

. 9
 

 D
ec

. 1
0-

23
 

 D
ec

. 2
4 

- 
Ja

n.
 6

 

 Ja
n.

 7
-2

0 

 Ja
n.

 2
1-

 F
eb

. 3
 

 Fe
b.

 4
-1

7 

 Fe
b.

 1
8 

- 
M

ar
. 3

 

 M
ar

 4
-1

7 

 M
ar

. 1
8-

31
 

 A
pr

. 1
-1

4 

 A
pr

. 1
5-

28
 

 A
pr

. 2
9-

 M
ay

 1
2 

 M
ay

 1
3-

26
 

 M
ay

 2
7-

Ju
ne

 9
 

 Ju
ne

 1
0-

23
 

 Ju
ne

 2
4-

Ju
ly

 7
 

 Ju
ly

 8
-2

1 

 Ju
ly

 2
2-

A
ug

. 4
 

 A
ug

. 5
-1

8 

 A
ug

.1
9-

Se
pt

1 

 Se
pt

.2
-1

5 

 Se
pt

.1
6-

30
 

  Se
as

on
al

 to
ta

l 
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30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
60 -- -- -- 1 -- -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
65 1 -- -- 4 1 -- 2 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 9 
70 --  -- 33 5 -- 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 42 
75 --  -- 92 18 -- 5 3 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 121 
80 --  -- 125 26 -- 5 2 2 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 161 
85 -- -- -- 96 20 -- 4 9 1 -- 1 2 -- -- -- 1 1 2 -- -- -- -- -- -- -- -- 137 
90 -- -- -- 44 10 -- 1 4 3 -- -- 4 -- -- -- 2 5 1 -- -- -- -- -- -- -- -- 74 
95 -- -- -- 18 3 -- -- 4 -- -- -- 3 -- -- -- 24 26 5 1 -- -- -- -- -- -- -- 84 
100 -- -- -- 3 1 -- 2 -- -- -- -- 2 1 -- 2 75 112 16 5 1 -- -- -- -- -- -- 220 
105 -- -- -- 1 2 -- -- -- -- -- -- -- 1 -- 4 225 269 30 6 -- -- -- -- -- -- -- 538 
110 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 8 449 387 32 -- -- -- -- -- -- -- -- 877 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 20 580 377 30 -- -- -- -- -- -- -- -- 1,007 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 27 521 276 26 -- -- -- -- -- -- -- -- 850 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 33 335 120 5 -- -- -- -- -- -- -- -- 493 
130 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 17 137 42 1 -- -- -- -- -- -- -- -- 198 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 15 50 6 -- -- -- -- -- -- -- -- -- 72 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 11 -- -- -- -- -- -- -- -- -- -- 16 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 3 -- -- -- -- -- -- -- -- -- -- 7 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- 2 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals 1 -- -- 417 87 -- 22 25 8 1 1 12 3 2 136 2,413 1,621 148 12 2 -- -- -- -- -- -- 4,911 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 314/315 

TABLE A-7 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1936-37, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 1 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 2 2 -- -- -- -- -- -- -- 5 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- 2 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
80 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
85 -- -- -- -- -- -- 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
90 -- -- -- -- -- -- -- 1 -- 2 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 4 
95 -- -- -- -- -- -- 2 1 -- 3 -- -- -- -- 1 -- 3 -- -- -- -- -- -- -- -- -- 10 
100 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 2 2 15 3 -- -- -- -- -- -- -- -- 23 
105 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 4 16 43 10 -- -- -- -- -- -- -- -- 74 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8 61 77 20 -- -- -- -- -- -- -- -- 166 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11 97 77 22 1 -- -- -- -- -- -- -- 208 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 6 119 97 13 2 -- -- -- -- -- -- -- 238 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 70 60 9 -- -- -- -- -- -- -- -- 140 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 66 41 9 -- -- -- -- -- -- -- -- 120 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 30 20 4 -- -- -- -- -- -- -- -- 56 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8 4 1 -- -- -- -- -- -- -- -- 13 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 1 -- -- -- -- -- -- -- -- 3 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals -- -- -- -- -- -- 4 4 -- 6 1 -- -- 1 40 471 439 95 6 -- -- -- -- -- -- -- 1,067 



316/317 FISH BULLETIN NO. 98 

TABLE A-8 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1937-38, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- 1 -- -- -- -- -- -- -- -- 2 
90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 2 -- -- -- -- -- -- -- -- 7 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 14 9 -- -- -- -- -- -- -- -- 24 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 1 56 24 2 -- -- -- -- -- -- -- 85 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 127 34 1 1 -- -- -- -- -- -- 166 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 13 216 78 4 -- -- -- -- -- -- -- 313 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14 328 59 5 -- -- -- -- -- -- -- 406 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 23 366 56 2 -- -- -- -- -- -- -- 449 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 23 199 31 1 -- -- -- -- -- -- -- 256 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 25 110 10 4 -- -- -- -- -- -- -- 150 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14 33 5 1 -- -- -- -- -- -- -- 53 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 3 -- 1 -- -- -- -- -- -- -- 7 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 3 -- -- -- -- -- -- -- -- -- 6 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 1 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals -- -- -- -- -- -- -- -- -- 1 -- -- -- 2 9 123 1,460 309 21 1 -- -- -- -- -- -- 1,926 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 318/319 

TABLE A-9 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1938-39, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- 2 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- 2 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 -- -- -- 2 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 1 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 5 1 -- -- -- -- -- -- -- -- -- 12 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- 4 34 14 2 -- -- -- -- -- -- -- -- -- 54 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- 2 62 54 7 -- -- -- -- -- -- -- -- -- 125 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- 3 101 80 11 1 -- -- -- -- -- -- -- -- 196 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- 3 94 78 7 -- -- -- -- -- -- -- -- -- 182 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- 5 61 44 2 -- -- -- -- -- -- -- -- -- 112 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- 4 57 26 2 -- -- -- 1 -- -- -- -- -- 90 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- 3 22 11 -- -- -- -- -- -- -- -- -- -- 36 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 16 1 -- -- -- -- -- -- -- -- -- -- 18 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- 2 1 5 -- -- -- -- -- -- -- -- -- -- 8 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- 4 4 2 -- -- -- -- -- -- -- -- -- -- 10 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 1 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals -- -- -- -- -- -- -- -- -- -- -- -- -- 32 459 320 33 3 2 -- 2 -- 1 -- -- -- 852 



320/321 FISH BULLETIN NO. 98 

TABLE A-10 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1939-40, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- -- -- 2 -- -- 1 -- -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- 5 
80 -- -- -- -- -- 1 3 -- -- -- -- 1 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- 9 
85 -- -- -- 2 -- -- -- -- -- 1 -- -- 3 1 1 2 -- -- -- -- -- -- -- -- -- -- 10 
90 -- -- -- -- -- -- 1 -- -- 1 -- 1 1 -- 5 1 -- -- -- -- -- -- -- -- -- -- 10 
95 -- -- -- -- -- -- -- -- -- -- -- 1 1 -- 18 4 1 2 -- -- -- -- -- -- -- -- 27 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 30 21 12 15 2 -- -- -- -- -- -- -- 81 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 38 77 81 45 9 -- -- -- -- -- -- -- 250 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 22 104 125 81 4 -- -- -- -- -- -- -- 336 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 25 85 153 122 4 1 -- -- -- -- -- -- 390 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11 45 162 111 1 -- -- -- -- -- -- -- 330 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 21 111 77 1 -- -- -- -- -- -- -- 211 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 37 24 1 -- -- -- -- -- -- -- 69 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 5 2 -- -- -- -- -- -- -- -- 11 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 1 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals -- -- -- 4 -- 1 5 -- -- 2 -- 3 9 2 153 372 687 479 22 1 -- -- -- -- -- -- 1,740 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 322/323 

TABLE A-11 

 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1940-41, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 1 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- 2 

85 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 2 -- -- -- -- -- -- -- -- -- 4 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 7 -- -- -- -- -- -- -- -- -- 14 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 12 18 2 -- -- -- -- -- -- -- -- 33 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 18 17 2 -- -- -- -- -- -- -- -- 38 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 16 9 3 -- -- -- -- -- -- -- -- 28 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 7 6 -- -- -- -- -- -- -- -- -- 14 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 6 2 -- -- -- -- -- -- -- -- -- 9 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 1 -- -- -- -- -- -- -- -- -- 6 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- -- -- -- 2 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
Totals -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 75 62 7 2 2 -- -- -- -- -- -- 152 



324/325 FISH BULLETIN NO. 98 

TABLE A-12 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1941-42, by Two-week Periods 
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21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- 2 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- 2 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 1 -- -- -- -- -- 3 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 1 3 1 -- -- -- -- 7 
60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 3 4 -- -- -- -- -- 8 
65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 1 1 1 -- -- -- 6 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 1 
85 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 1 3 1 -- -- -- -- -- -- -- -- 6 
90 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 6 17 3 2 1 -- -- -- -- -- -- 30 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 25 51 18 6 -- -- -- -- -- -- -- 100 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 37 77 29 10 -- -- -- -- -- -- -- 153 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31 56 48 7 -- -- -- -- -- -- -- 142 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 36 28 25 8 -- -- -- -- -- -- -- 97 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 36 35 16 3 -- -- -- -- -- -- -- 90 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 21 27 3 -- -- -- -- -- -- -- -- 52 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 5 -- -- -- -- -- -- -- -- -- 8 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- 2 
135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
145 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------- 

Totals -- -- -- -- -- -- 2 -- -- -- -- -- -- 2 2 198 300 144 40 11 9 2 1 -- -- -- 711 
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TABLE A-13 
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Waddell Creek, Silver Salmon: Age + Juveniles Checked Through Downstream Trap; Mean Length (in mm.) by Two-week Periods 
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TABLE A-14 

Waddell Creek, Silver Salmon: Juveniles Checked Through Downstream Trap, 1941-42, by Two-week Periods 
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TABLE A-14 
 

Waddell Creek, Silver Salmon: Age 1 Juveniles Checked Through Downstream Trap; Mean Length (mm.) by Two-week Periods 
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1932-33 

Number 

Mean length 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

1 

71.00 

-- 

-- 

-- 

-- 

-- 

-- 

2 

78.00 

-- 

-- 

4 

89.50 

18 

108.83 

291 

115.82 

1,515 

114.20 

1,324 

112.57 

194 

111.28 

27 

112.89 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

3,376 + 40‡ =3,416 

113.52* 
 

1933-34 
Number 

Mean length 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

1 

69.00 

2 

78.00 

-- 

-- 

-- 

-- 

2 

104.00 

1 

89.00 

1 

101.00 

18 

92.56 

240 

113.80 

1,636 

113.47 

1,179 

113.59 
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110.35 

32 

109.38 

1 

123.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

3,515 + 17‡ =3,532 

113.26* 
 

1934-35 
Number 

Mean length 

1 

62.00 

-- 

-- 

-- 

-- 

417 

79.13 

87 

80.48 

-- 

-- 

22 

77.09 

25 

81.12 

8 

81.00 

1 

72.00 

1 

85.00 

12 

89.42 

3 

110.33 

2 

140.00 
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121.89 

2,413 

114.37 

1,621 

110.80 
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108.36 

12 
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1 

98.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

4,910 
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Number 
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-- 
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-- 

-- 
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4 
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-- 
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-- 

-- 

-- 

-- 

1 
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40 
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-- 

-- 

-- 

-- 

-- 

-- 

-- 
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-- 
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-- 
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-- 

-- 

-- 

-- 

-- 

1 

71.00 

-- 

-- 

-- 

-- 

-- 

-- 

2 

92.00 

9 

113.00 

123 

121.94 

1,460 

114.86 

309 

111.37 

21 

116.33 

1 

105.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

1,926 

114.77* 
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-- 

-- 
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-- 

-- 

-- 

-- 
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-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

32 

121.00 

459 

118.63 

320 

111.62 

32 

108.37 

1 

106.00 

-- 

-- 

-- 

-- 

1 

123.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

845 

112.40* 
 

1938-39 
Number 

Mean length 

-- 

-- 

-- 

-- 

-- 

-- 

4 

79.25 

-- 

-- 

1 

76.00 

5 

79.80 

-- 

-- 

-- 

-- 

2 

87.00 

-- 

-- 

3 

87.33 

9 

81.56 

2 

90.00 

153 

103.61 

372. 

109.95 

687 

114.38 

479 

114.28 

22 

108.18 

1 

111.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

1,740 

112.40* 
 

1939-40 
Number 

Mean length 

-- 

-- 

-- 

-- 
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-- 
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-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

4 
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-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

148 
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Number 
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-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

2 

87.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

1 

120.00 

-- 

-- 

197 

105.10 

300 

102.40 

143 

102.45 

36 

100.83 

1 

86.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

680 

103.11* 

Total 112. 07† 
 

* Mean length of four consecutive periods forming largest total. 
† Arithmetic mean of means. 
‡ not measured. 



 

Waddell C reek, Steelhead: Cha nges in Li fe Histor y Ca tego r y C omp osit i on o f the S paw ning 
Run, b y Mo nths * 

 

 
Month 

 
First spawners Second spawners 

 
1/1 2/1 3/1 2/2 2/1S.1 2/1.1S.1 

 

 
Total 

 

October -- 2 -- -- -- -- 2 
November 0.1% 0.2% -- -- -- -- 0.3% 

 4 7 1 -- -- -- 12 
December 1.5% 4.6% 0.2% 1.2% 0.8% 0.1% 8.5% 

 59 179 8 48 31 5 330 
January 1.8% 8.6% 1.6% 6.4% 2.0% 0.6% 21.0% 

 69 336 61 250 76 24 816 
February 0.5% 5.9% 2.1% 8.7% 2.7% 1.1% 21.1% 

 20 231 81 338 106 44 820 
March 0.6% 7.8% 5.3% 7.8% 1.8% 1.1% 24.4% 

 23 304 205 303 71 41 947 
April 0.1% 2.2% 2.1% 1.8% 0.4% 0.2% 6.8% 

 3 86 83 70 14 8 264 
May - 0.1% -- 0.1% -- -- 0.3% 

 -- 5 -- 5 -- -- 10 
June -- 1 -- -- -- -- 1 
Totals 4.6% 29.6% 11.3% 26.1% 7.7% 3.1% 82.4% 

 178 1,151 439 1,014 298 122 3,202 
* Percentages are percentages of total run of all fish. 
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T ABLE A-15  
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TABLE A-16 
 

Scott Creek, Steelhead: Data Used in Calculation of Volume Factor (F) 
 

 
Date 

 
Fish no. 

 
Counted 
no. eggs 

Measured 
vol. of 

eggs (cc.) 

 
Vol. per 
egg (cc.) 

Actual vol. 
of eggs 

(cc.) 

 
Volume 

factor (F) 

 
No. eggs 
measured 

1932 -- 3,874 550 0.0978 379 0.689 100 (10 lots) 
Mar, 5, 1936 -- 6,172 900 0.0958 591 0.657 110 (11 lots) 
Mar. 5, 1936 -- 4,013 568 0.0958 384 0.676 110 (11 lots) 

 
0.689 + 0.657 + 0.676 = 2.022 

 
2.022 

3 = 0.674 = Average volume factor (F) 
NOTE: The latter two sets of data represent complete and partial counts and measured egg volumes from the 
same fish. The volume factor was also calculated for three other fish, for which the data are tabulated below. 
However, these data were not used, since either the measured egg volumes approached the extremes of the egg 
volume frequency distribution, Table A-17 of the Appendix, or the number of eggs measured for individual 
volume was too small. 

 

 
Date 

 
Fish no. 

 

Counted 
no. eggs 

Measured 
vol. of 

eggs (cc.) 

 

Vol. per 
egg (cc.) 

Actual vol. 
of eggs 

(cc.) 

 

Volume 
factor (F) 

 

No. eggs 
measured 

Feb. 2, 1933 87,927 8,859 1,325 0.101 895 0.675 10 
Feb. 13, 1933 87,950 4,217 425 0.070 295 0.694 10 
Feb. 19, 1935 54 2,403 190 0.053 127 0.668 20 (2 lots) 
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Scott Creek, Steelhead: Volumes of Eggs Obtained From 537 Spawned Fish, 1932-33 
 

 
Measured volume of eggs (cc.) 

 
No. of fish   

Measured volume of eggs (cc.) 
 

No. of fish 

100-149 1 900 47 

150 4 950 33 

200 11 l,000 16 

250 20 1,050 14 

300 16 1,100 16 

350 17 1,150 10 

400 31 1,200 2 

450 22 1,250 3 

500 27 l,300 3 

550 23 1,350 1 

600 27 l,400 3 

650 35 1,450 -- 

700 49 l,500 1 

750 29 

800 48 

850 28 Total 537 

    
 

TABLE A-18 
 

Scott Creek, Steelhead: Eggs Remaining in Spawned Fish 
 

 
Date 

 
Fish 

length in 
cm. 

 
Age 

 
Vol. 

per egg 
(cc.) 

 
Calc. no. 

eggs 
obtained 

 
Eggs remaining 

 
Total 

no. eggs 
Number Percentage 

1932  
-- 

 
-- 

 
.087 

 
7,347 

 
325 

 
4.2 

 
7,672 February 25 

March 10 62 2/2 .099 4,174 925 18.1 5,099 

April 14 66 -- .076 7,476 740 9.0 8,216 

April 14 -- -- .091 5,294 400 7.0 5,694 

April 21 52 -- .111 4,591 445 8.8 5,036 

April 21 51 -- .072 3,395 344 9.2 3,739 

April 28 58 2/1S.1 .072 4,687 539 10.3 5,226 

April 28 48 2/1 .058 2,969 264 8.2 3,233 

May 5 53 2?/l .094 3,150 415 11.6 3,565 

May 5 53 3?/l .080 2,838 475 14.3 3,313 

1933        
February 13 72 2(?)/2 .088 11,153 1,047 8.6 12,200 

March 6 71 1/1.1S.1 .090 6,122 659 9.7 6,781 

 
Mean 

 
-- 

 
-- 

 
-- 

 
-- 

 
-- 

 
9.92 

 
-- 

NOTE: The total number of eggs in the fish less 9.92 percent = 1.11 X  the  number  of  eggs  obtained  in 
spawning. For purposes of calculation of total egg production in this paper, the factor 1.1 has been used to 
multiply the number of eggs obtained in spawning. 
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TABLE A-17 

 

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 *189 *72 *42 *74 *27 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- --  
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- --  45 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 3 -- -- -- -- -- 
50 -- -- -- -- -- 2 1 -- -- -- -- -- -- -- 3 4 6 -- -- -- -- -- 
55 -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- 5 1 -- -- -- -- 
60 -- -- -- -- -- 3 2 -- -- 4 -- -- -- -- -- 4 22 3 -- -- -- -- 
65 -- -- -- -- -- 4 -- 1 1 7 -- -- 2 -- -- 1 31 11 -- -- -- -- 
70 -- -- -- -- -- -- -- 1 -- 3 1 -- -- -- -- 1 26 11 -- -- -- -- 
75 -- -- -- -- -- 1 1 -- 1 1 -- -- -- 2 -- -- 5 3 -- -- -- -- 
80 -- -- -- -- -- -- -- -- -- 1 -- -- 2 3 3 1 3 1 -- -- -- -- 
85 -- -- -- -- -- -- -- -- -- -- -- 3 3 10 10 3 4 -- -- -- -- -- 
90 -- -- --  -- -- 1 -- -- -- -- -- 4 13 18 11 5 1 -- -- -- -- 
95 -- -- --  -- 1 -- -- -- -- -- -- 2 18 34 11 7 5 -- -- -- -- 
100 -- -- --  -- 3 1 -- 1 -- 1 -- 3 12 49 16 16 3 -- -- -- -- 
105 -- -- --  -- -- -- -- -- -- -- 1 3 6 34 17 22 6 -- -- -- -- 
110 -- -- --  -- 1 1 -- 1 -- 3 2 1 7 33 20 19 7 -- -- -- -- 
115 -- -- --  -- 3 -- 1 -- 2 6 4 -- 8 26 16 22 3 -- -- --  
120 -- -- --  1 3 1 1 -- 1 8 2 1 6 16 19 14 4 -- -- --  
125 -- -- --  -- 4 -- -- -- 3 5 2 5 9 16 6 6 2 -- -- -- -- 
130 -- -- --  -- -- -- -- -- -- 2 1 7 5 13 5 7 1 -- -- -- -- 
135 -- -- --  -- 2 -- -- 1 1 7 3 9 8 12 5 5 1 -- -- -- -- 
140 -- -- --  -- 1 -- -- -- -- 2 -- 5 22 15 4 2 1 -- -- -- -- 
145 -- -- --  -- 2 -- -- -- 2 3 -- 18 26 31 8 2 -- -- -- -- -- 
150 -- -- --  -- -- -- -- -- -- 2 5 25 40 36 13 3 -- -- -- -- -- 
155 -- -- --  -- -- -- -- -- 1 -- 5 24 50 57 17 2 1 -- -- -- -- 
160 -- -- --  -- 1 -- -- -- -- 2 3 26 67 72 12 1 -- -- -- -- -- 
165 -- -- --  1 -- -- -- -- 1 2 7 35 68 53 20 1 -- -- -- -- -- 
170 -- -- --  -- -- -- -- -- -- 2 5 19 67 54 11 1 -- -- -- -- -- 
175 -- -- --  -- -- -- -- -- -- 1 6 30 51 46 8 -- -- -- -- -- -- 
180 -- -- --  -- -- -- -- -- -- 3 5 22 65 29 4 -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 1 4 25 36 23 1 -- -- -- -- --  190 -- -- -- -- -- -- -- -- -- -- 1 2 18 25 17 4 -- -- -- -- --  195 -- -- -- -- -- -- -- -- -- -- -- 3 12 22 8 1 -- -- -- -- -- -- 
200 -- -- -- -- -- -- -- -- -- -- -- 5 16 23 3 1 -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- 2 3 11 13 3 -- -- 1 -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- -- 4 4 6 2 1 -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- 2 4 3 3 4 -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- 1 -- 7 3 1 -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- 1 -- -- 2 2 4 2 -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- --  4 4 1 4 -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- 2 3 3 3 1 -- 1 -- -- --  240 -- -- -- -- -- -- -- -- -- -- -- 2 1 4 1 -- -- -- -- -- --  245 -- -- -- -- -- -- -- -- -- -- -- 1 2 5 -- 1 -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- 1 2 1 -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- 1 2 6 1 -- -- 1 -- -- -- -- 

 

O
ct

. 1
-1

4 

O
ct

. 1
5-

28
 

O
ct

. 2
9-

N
ov

. 1
1 

Tr
ap

s 
no

t o
pe

ra
te

d 
be

fo
re

 D
ec

. 3
 

N
ov

. 1
2-

25
 

N
ov

. 2
6-

D
ec

. 9
 

D
ec

. 1
0-

23
 

D
ec

. 2
4-

Ja
n.

 6
 

Ja
n.

 7
-2

0 

Ja
n.

 2
1-

Fe
b.

 3
 

Fe
b.

4-
17

 

Fe
b.

 1
8-

M
ar

. 3
 

M
ar

. 4
-1

7 

M
ar

. 1
8-

31
 

A
pr

. 1
-1

4 

A
pr

. 1
5-

28
 

A
pr

. 2
9-

M
ay

 1
2 

M
ay

 1
3-

26
 

M
ay

 2
7-

Ju
ne

 9
 

Ju
ne

 1
0-

23
 

Ju
ne

 2
4-

Ju
ly

 7
 

Ju
ly

 8
-2

1 

Ju
ly

 2
2-

A
ug

. 4
 

A
ug

. 5
-1

8 

A
ug

. 1
9-

Se
pt

.1
 

Se
pt

. 2
-1

5 

Se
pt

. 1
6-

30
 

 

TABLE A-19 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1933-34; Length-frequency Distribution by Two-week Periods 

 
Length 

in 
mm. 

 
*28 *12 *7 -- 
-- -- -- -- 

-- -- 
AGE + -- -- 

-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 

 

AGE 1 
-- -- 
-- -- 

-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 

 

AGE 2 -- -- 
-- -- 

-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 
-- -- -- -- 

AGE 3 -- -- 
-- -- 

-- -- -- -- 
-- -- -- -- 
-- -- -- -- 

260 -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 2 -- -- -- -- -- -- -- -- -- -- --   
265 -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- --  AGE 4  -- -- 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 

                  †36 †8 †l †3 †l †l    
Totals -- -- -- -- 3 33 8 4 6 27 57 92 360 719 735 255 249 293 80 43 77 28 29 12 7 0 

* Measured only as 3 inches or under † Measured only as over 3 inches. GRAND TOTAL:      3,117 



334/335 FISH BULLETIN NO. 98 

 

STEELHEAD AND SILVER SALMON LIFE HISTORIES 336/337 
 

 
TABLE A-20 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1934-35; Length-frequency Distribution by Two-week Periods 
 

 
Length 
in mm. 

 
Oct. 1- 

14 

 
Oct. 

15-28 

Oct 
29- 

Nov. 
11 

 
Nov. 
12-25 

Nov. 
26- 

Dec. 9 

 
Dec. 
10-23 

Dec. 
24-Jan. 

6 

 
Jan. 7- 

20 

Jan. 
21-Feb. 

3 

 
Feb.4- 

17 

Feb. 
18- 

Mar. 3 

 
Mar. 4- 

17 

 
Mar. 
18-31 

 
Apr. 1- 

14 

 
Apr. 

15-28 

Apr. 
29- 

May 12 

 
May 

13-26 

May 
27- 

June 9 

 
June 

10-23 

June 
24-July 

7 

 
July 8- 

21 

July 
22- 

Aug. 4 

 
Aug. 5- 

18 

Aug. 
19- 

Sept.1 

 
Sept. 
2-15 

 
Sept. 
16-30 

*6 *55 
21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 

AGE  + 
-- -- 
-- -- 

40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- -- -- -- -- -- 
45 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 11 2 5 -- -- -- -- 
50 -- -- -- -- 1 2 3 -- -- -- -- -- -- -- -- -- -- 1 9 21 8 15 14 3 1 -- 
55 -- -- -- 5 2 -- 3 -- -- -- -- -- -- -- -- -- 1 4 17 62 14 17 13 7 5 -- 
60 -- -- -- 3 5 2 3 -- 1 2 -- -- -- -- -- -- -- 3 26 33 22 18 12 7 3 2 
65 -- -- -- 3 2 3 8 1 2 2 -- -- -- -- -- -- -- 2 32 35 25 20 20 9 6 4 
70 -- -- -- 1 1 2 2 4 -- 2 -- -- -- -- -- -- -- -- 24 33 10 20 9 3 6 -- 
75 -- -- -- 1 -- 2 3 1 -- 4 -- -- -- -- 1 -- -- 4 14 10 9 5 5 1 2 -- 
80 -- -- -- -- 1 -- 1 -- 1 -- -- 1 -- 2 -- 1 -- 4 10 5 1 3 1 -- 1 1 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- 3 4 3 3 2 -- 1 -- -- -- 
90 -- -- -- 1 -- -- -- -- -- -- -- -- -- 3 3 6 3 4 6 3 1 -- -- -- -- -- 
95 -- -- -- -- -- -- -- -- -- -- -- 2 -- -- 4 5 9 15 12 2 -- 1 -- -- -- -- 

100 -- -- -- 1 -- -- -- -- -- -- -- -- 2 1 1 10 8 23 16 5 -- -- -- -- 1 -- 
105 -- -- 4 4 -- -- -- -- -- -- -- -- -- 3 1 13 10 22 11 3 -- -- -- -- -- -- 
110 -- -- -- 1 -- -- -- 1 -- -- -- 3 -- 2 1 9 6 19 8 7 -- -- -- -- -- -- 
115 -- -- -- 1 -- -- 1 -- 1 -- -- -- -- 2 2 4 3 14 16 3 -- -- -- -- -- -- 
120 -- -- -- -- -- -- 1 -- -- -- -- -- 1 1 1 9 5 4 3 2 1 -- -- -- -- -- 
125 -- -- -- 1 -- 1 1 -- -- 1 -- 1 1 3 -- 6 4 9 7 -- -- -- -- -- 1 -- 
130 -- -- 1 4 1 -- -- -- -- 1 2 -- 2 -- 3 2 -- 7 5 1 1 
135 -- -- -- 1 -- -- -- -- -- -- -- 1 2 -- 1 7 3 1 5 -- -- 

AGE 1 -- -- 
-- -- 

140 -- -- -- 1 -- -- -- -- -- -- -- 1 1 2 7 4 5 2 1 1 -- -- -- -- 1 -- 
145 -- -- -- -- -- -- -- -- -- -- -- 1 5 5 10 5 2 1 1 -- -- -- -- -- -- -- 
150 -- -- -- -- -- -- -- -- -- -- -- 1 3 8 8 12 2 -- -- 1 -- -- -- -- -- -- 
155 -- -- -- 1 -- -- -- -- -- -- -- 4 16 21 14 6 1 1 -- -- -- -- -- -- -- 
160 -- -- -- -- -- -- -- -- -- -- 1 2 8 14 27 12 5 -- -- -- -- -- -- 1 -- -- 
165 -- -- -- -- -- -- -- -- -- -- -- 1 10 10 12 17 2 -- -- -- -- -- -- -- -- -- 
170 -- -- -- 1 -- -- -- -- -- -- 1 2 9 19 11 5 4 2 -- -- -- -- -- -- -- -- 
175 -- -- -- -- -- -- -- -- -- -- 1 4 10 13 8 6 -- -- -- -- -- -- -- -- -- -- 
180 -- -- -- -- -- -- -- -- -- 1 1 2 12 8 5 2 1 -- -- -- -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- -- 2 7 7 4 2 -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- -- 1 3 8 3 -- -- -- -- -- -- 

AGE 2 
-- -- 
1 -- 

195 -- -- -- -- -- -- -- -- -- -- -- 1 4 4 1 -- -- -- -- -- -- -- -- -- -- -- 
200 -- -- -- -- -- -- -- -- -- -- -- 2 5 2 2 1 -- -- -- -- -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- -- 1 4 1 -- -- -- -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- -- 2 2 3 -- -- -- -- -- -- -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- -- 1 4 2 -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

AGE 3 
-- -- 
-- -- 

240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
245 -- -- -- 1 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- 
260 -- -- 

AGE 4 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
270 -- -- -- 1(31 cm) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

  Totals -- -- 11 87 13 12 27 7 5 13 6 32 104 144 138 152 82 146 227 244 96 104 75 31 28 7   
* 75 mm or under GRAND TOTAL 1,791 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 340/341  
 

TABLE A-21 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1935-36; Length-frequency Distribution by Two-week Periods 
 

Length Oct. 1- Oct. Oct. Nov. Nov. Dec. Dec. Jan. 7- Jan. Feb.4- Feb. Mar. Mar. Apr. Apr. Apr. May May June June July 8- July Aug. Aug. Sept. Sept. 
in 14 15-28 29- 12-25 26- 10-23 24- 20 21- 17 18- 4-17 18-31 1-14 15-28 29- 13-26 27- 10-23 24- 21 22- 5-18 19- 2-15 16-30 

   Nov.  Dec. 9  Jan. 6  Feb. 3  Mar. 3     May  June 9  July 7  Aug. 4  Sept.1   mm. 
  11             12           21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

AGE  + 
1 -- -- 1 1 -- -- -- 

40 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 8 8 1 7 -- 6 -- -- 
45 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 29 20 11 14 14 6 1 1 
50 3 -- -- 1 2 1 4 -- -- -- -- -- -- -- -- -- -- 2 50 36 22 22 18 17 2 -- 
55 1 -- -- 8 2 3 31 4 1 -- -- 1 -- -- -- -- 2 5 84 51 30 31 36 29 4 2 
60 -- -- -- 10 2 2 71 7 1 1 1 1 -- -- -- -- 3 4 76 74 37 27 19 28 1 3 
65 1 -- -- 18 5 4 93 13 -- 1 1 -- -- -- -- -- 2 2 59 54 32 20 21 22 2 1 
70 -- -- -- 20 -- 3 93 7 2 1 -- 1 -- -- -- -- 4 9 34 24 21 9 8 15 4 1 
75 1 -- -- 12 2 3 58 19 1 -- 1 -- -- -- -- -- 3 12 29 9 12 7 6 11 2 -- 
80 -- -- -- 8 -- -- 27 10 -- 1 -- -- -- -- -- 1 7 7 27 9 8 2 1 1 2 -- 
85 -- -- -- 3 -- -- 9 3 1 -- -- 1 -- -- 1 3 14 13 15 3 4 1 1 -- -- -- 
90 -- -- -- 1 1 -- 5 2 -- -- -- -- -- -- -- 4 22 19 11 7 4 -- 1 -- -- -- 
95 -- -- -- -- 1 1 3 1 -- -- -- 1 -- -- 2 11 48 37 14 10 6 -- -- 1 -- -- 
100 -- -- -- -- 1 -- -- -- -- -- 1 -- -- 1 1 6 63 31 29 6 -- -- -- -- -- -- 
105 -- -- -- -- 1 -- 2 1 -- -- -- 2 -- -- 3 16 76 39 24 5 -- -- -- -- -- -- 
110 -- -- -- -- 2 -- 2 -- -- -- 2 -- -- 1 -- 17 55 45 15 7 3 -- -- -- -- -- 
115 -- -- -- -- 1 -- -- 2 -- -- -- 1 -- -- 1 12 53 27 17 2 2 -- 1 1 -- -- 
120 -- -- -- 1 -- -- 1 1 -- -- -- -- -- -- -- 6 32 18 18 4 -- -- -- -- -- -- 
125 -- -- -- 1 -- -- -- -- -- -- -- 2 -- -- -- 5 18 18 12 3 -- -- -- -- -- -- 
130 -- -- -- 1 -- -- 1 1 2 -- -- 1 -- -- -- 3 15 4 4 1 -- 
135 -- -- -- -- 1 -- 1 -- -- -- -- -- 2 2 1 1 5 6 5 -- -- 

AGE 1 
1 -- 
-- -- 

140 -- -- -- 1 -- -- 1 -- -- -- 1 2 1 1 1 3 5 1 2 2 -- -- -- -- -- -- 
145 -- -- -- -- -- -- 1 -- 1 -- -- 4 4 2 5 6 7 2 3 1 -- -- -- -- -- -- 
150 -- -- -- -- -- -- -- 1 1 -- -- 3 2 1 6 10 4 1 1 1 -- -- -- -- -- -- 
155 -- -- -- -- -- -- -- -- -- -- -- 6 7 3 19 22 5 3 1 -- -- -- -- -- -- -- 
160 -- -- -- -- -- -- -- -- 2 -- -- 8 8 6 27 17 3 1 1 -- -- -- -- -- -- -- 
165 -- -- -- -- -- -- -- -- -- -- 1 10 25 10 27 25 5 -- -- -- -- -- -- -- -- -- 
170 -- -- -- -- -- -- -- -- 1 -- -- 9 16 16 25 25 4 -- -- -- -- -- -- -- -- -- 
175 -- -- -- -- -- -- -- -- -- -- -- 15 12 14 45 12 1 -- -- -- -- -- -- -- -- -- 
180 -- -- -- -- -- -- 1 -- 1 -- 3 9 15 19 35 9 1 2 -- -- -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 1 12 16 10 22 12 -- 1 -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- 4 12 16 20 22 8 -- -- -- 1 -- 

AGE 2 -- -- 
-- -- 

195 -- -- -- -- -- -- 1 -- -- -- -- 13 6 5 18 2 -- -- -- -- -- -- -- -- -- -- 
200 -- -- -- -- -- -- -- -- -- -- -- 4 13 7 9 1 -- -- -- -- -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- 2 4 8 1 3 -- -- -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- -- 3 7 -- 5 -- -- -- -- -- -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- 1 3 3 3 4 -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- 7 4 1 2 -- -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- 1 5 1 -- 2 -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- 3 2 -- 3 -- 2 -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- 3 3 -- 1 -- 1 -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- 4 5 1 -- -- -- -- -- -- -- AGE 3 

-- -- 
-- -- 

245 -- -- -- -- -- -- -- -- -- -- -- -- 3 -- *1 1 -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- 3 1 1 1 -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- 2 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- AGE 4 -- -- 

  270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
  Totals 7 -- -- 85 21 17 407 72 14 4 19 151 186 126 291 241 461 309 569 338 193 141 127 137 19 8   
* Recorded only as 25 cm. GRAND TOTAL:      3,943 



338/339 FISH BULLETIN NO. 98  

   

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
-- -- -- 
-- -- *1 
71 74 132 

 

 

TABLE A-22 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1936-37; Length-frequency Distribution by Two-week Periods 
 

Length 

in 

mm. 

Oct. 1- 
14 

Oct. 
15-28 

Oct. 
29- 

Nov. 
11 

Nov. 
12-25 

Nov. 
26- 

Dec. 9 

Dec. 
10-23 

Dec. 
24-Jan. 

6 

Jan. 7- 
20 

Jan. 
21-Feb. 

3 

Feb.4- 
17 

Feb. 
18- 

Mar. 3 

Mar. 4- 
17 

Mar. 
18-31 

Apr. 1- 
14 

Apr. 
15-28 

Apr. 
29-May 

12 

May 
13-26 

May 
27- 

June 9 

June 
10-23 

June 
24-July 

7 

July 8- 
21 

July 
22- 

Aug. 4 

Aug. 5- 
18 

Aug. 
19- 

Sept.1 

Sept. 
2-15 

Sept. 
16-30 

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 4 -- -- 1 -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 14 31 9 

AGE + 
40 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 2 5 102 101 
45 -- -- -- -- -- -- 4 -- -- -- -- -- -- -- -- -- 1 1 5 83 125 
50 1 -- -- -- 1 2 9 2 -- -- -- -- -- -- -- -- 3 4 4 50 91 
55 1 -- -- 1 1 4 *20 2 3 3 -- -- -- -- -- -- 11 35 11 28 78 
60 -- -- -- 3 -- 4 27 1 -- -- -- -- -- -- -- -- 5 65 40 12 63 
65 1 -- -- 3 -- 7 24 3 1 1 1 -- -- -- -- -- 2 70 61 22 46 
70 2 -- -- 4 -- 4 33 4 -- 1 3 -- -- -- -- -- -- 32 41 35 29 
75 -- -- -- 4 1 5 23 2 1 8 -- -- -- -- -- -- -- 1 12 33 42 
80 -- -- -- 1 -- 2 21 2 -- 2 2 -- -- 1 -- 2 3 2 3 26 37 
85 -- 1 -- 1 -- 1 6 1 -- -- 1 -- 1 2 1 -- 3 8 5 19 25 
90 -- -- -- -- -- 1 13 2 1 -- 1 -- -- 1 -- 1 16 25 5 5 8 
95 -- 1 -- -- -- -- 3 1 -- 1 -- -- -- -- -- -- 32 33 8 2 5 
100 -- -- -- 1 -- -- 2 -- 1 -- -- 1 -- -- 1 2 36 51 4 3 5 
105 -- -- -- -- -- -- 1 1 -- 1 1 -- -- -- -- 3 53 68 16 5 2 
110 -- -- -- -- -- -- 1 -- -- 1 -- 1 -- -- -- 8 42 66 20 4 1 
115 -- 1 -- -- -- -- 1 -- -- 2 -- 2 -- 1 -- 4 47 53 20 7 5 
120 -- -- -- -- -- -- 1 -- -- 2 2 1 -- -- -- 1 23 43 22 3 3 
125 -- -- -- -- -- 1 -- -- -- 4 1 -- -- -- -- 1 12 24 13 2 3 
130 -- -- -- -- -- 1 1 -- -- 1 -- -- -- 2 -- -- 9 13 10 1 -- 
135 -- -- -- -- -- -- -- -- -- 2 3 2 -- 4 2 2 8 6 2 1 1 
140 -- -- -- -- -- -- -- -- -- 1 3 1 -- 2 2 1 3 2 1 -- -- 
145 -- -- -- -- -- -- -- -- -- 1 1 3 -- 4 2 4 5 1 1 -- 1 
150 -- -- -- 1 -- -- 1 -- 1 2 2 2 3 8 6 10 5 2 -- -- -- 
155 -- -- -- -- -- -- -- -- -- -- 2 3 2 5 11 7 11 3 1 -- -- 
160 -- -- -- -- -- -- -- -- -- -- 1 3 7 8 10 11 8 1 -- -- -- 
165 -- -- -- -- -- -- -- -- -- 1 1 4 1 10 8 15 11 1 -- -- -- 
170 -- -- -- -- -- -- -- -- -- -- -- 6 3 6 10 19 12 -- -- -- -- 
175 -- -- -- -- -- -- -- -- -- 1 1 2 1 7 5 15 4 1 -- -- -- 
180 -- -- -- -- -- -- 1 -- -- -- 7 8 1 4 5 13 2 -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 1 4 1 -- 3 4 3 -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- -- 6 1 1 5 4 1 -- -- -- -- 
195 -- -- -- -- -- -- -- -- -- -- 5 2 1 3 1 2 3 -- -- -- -- 
200 -- -- -- -- -- -- -- -- -- -- -- 6 1 1 -- -- 1 -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- -- 3 1 1 1 -- 1 -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- 1 2 -- -- -- 1 -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- 1 -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- 2 -- -- 1 -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

-- -- -- 2 -- 
2 8 2 3 -- 
2 23 7 11 4 
3 26 11 10 4 
9 31 9 16 7 
3 29 9 11 2 
3 13 7 8 -- 
4 6 2 3 -- 
3 10 1 2 -- 
-- 3 2 1 -- 
1 2 -- 1 -- 
-- 2 -- 1 -- 
-- -- 2 -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- -- 1 -- -- 
-- -- -- -- -- 

 
 

AGE 1  -- 
-- 

-- 
-- 

-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 

 AGE 2  
-- 
1 

-- 
-- 

-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 

 AGE 3  
-- 
-- 

-- 
-- 

-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- 

265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  -- -- 
AGE 4 

270 -- -- -- -- -- -- -- -- -- -- -- -- -- *1 -- †1 -- -- -- -- 
Totals 5 3 -- 19 3 32 192 22 8 35 42 65  25 378 620 325 474 681 30 153 53 70 17 
* Length not recorded † Recorded only as 30 cm. GRAND TOTAL:      3,529 





342/343 FISH BULLETIN NO. 98 

TABLE A-23 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1937-38; Length-frequency Distribution by Two-week Periods 

 

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

 

 
-- 

AGE 3 
 

-- 
 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

280 100 164 

 

 
Length 

 
Oct. 1- 

 
Oct. 15- 

 
Oct. 29-   Nov. 12-  Nov. 26-  Dec. 10-   Dec. 24- 

 
Jan. 7- 

 
Jan. 21- 

 
Feb. 

 
Feb. 18- 

 
Mar. 4- 

 
Mar. 18- 

 
Apr. 1- 

 
Apr. 15- 

 
Apr. 29- 

 
May 13- 

 
May 27- 

 
June 10-   June 24- 

 
July 8- 

 
July 22- 

 
Aug. 5- 

 
Aug. 19- 

 
Sept. 2- 

 
Sept. 

in 

mm. 

14 28 Nov. 11  25 Dec. 9  23 Jan. 6 20 Feb. 3 4-17 Mar. 3 17 31  14 28 May 12  26 June 9  23 July 7 21 Aug. 4  18 Sept.1  15 16-30 

35 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- AGE + 
40 2 1 4 2 1 -- -- 2 -- -- -- -- -- -- 1 1 4 4 11 1 -- -- -- 
45 2 3 10 11 6 2 1 1 -- -- -- -- -- -- -- -- 1 4 1 8 21 31 2 1 -- 1 
50 2 1 11 43 9 2 2 2 1 -- -- -- -- -- -- -- 5 8 1 19 42 44 6 9 -- 4 
55 1 8 10 53 16 3 1 1 -- 1 -- -- -- -- -- 1 15 33 6 54 45 44 15 28 13 10 
60 3 2 11 55 11 3 1 1 -- -- 1 -- -- -- -- 1 18 27 29 68 33 37 16 44 10 17 
65 1 1 -- 26 3 3 1 3 1 -- -- -- -- -- -- -- 10 41 43 96 49 36 16 25 15 11 
70 1 6 2 11 5 2 1 -- -- -- -- -- -- -- -- -- 4 31 75 102 35 24 13 19 12 9 
75 -- -- -- 8 2 1 -- 1 1 -- - -- -- -- -- -- 2 7 35 76 48 14 18 14 2 4 
80 -- 2 -- 9 2 4 -- -- -- -- -- 2 -- 1 -- -- 7 6 17 46 27 16 5 10 3 1 
85 1 -- -- 7 -- 1 -- -- -- -- -- -- -- 1 -- 1 9 9 4 32 8 7 3 3 3 -- 
90 1 1 -- 5 -- 2 -- -- 2 -- -- -- -- 2 -- -- 23 19 5 10 17 6 3 3 1 -- 
95 1 -- -- 1 -- 2 1 1 -- -- -- -- -- -- -- 1 34 14 -- 6 5 3 -- 1 1 -- 
100 -- 1 -- 1 -- 1 -- -- 1 -- 1 -- -- -- -- 3 32 22 9 5 3 3 1 3 1 -- 
105 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 32 32 9 7 4 3 -- 1 1 1 
110 -- -- -- 1 -- -- -- -- -- -- -- 1 1 -- -- 8 33 20 12 10 1 -- -- -- -- -- 
115 -- -- -- 1 -- -- 1 -- -- -- -- 1 -- -- -- 4 28 23 10 6 4 1 -- 2 -- -- 
120 -- -- -- -- -- 1 -- -- -- -- 1 -- -- -- -- 2 12 21 11 5 3 -- -- -- -- -- 
125 -- 1 -- 1 -- 1 -- -- 1 -- -- -- -- -- -- 2 6 11 4 2 2 -- -- -- -- -- 
130 -- -- -- 2 1 1 -- -- 1 -- -- -- -- -- 1 2 9 3 2 2 2 -- -- 

AGE 1 
135 -- -- -- -- 1 1 -- -- -- -- 2 1 -- -- 1 2 7 3 4 3 -- -- -- 
140 -- -- -- 1 -- -- -- -- -- -- 1 2 -- -- 3 -- 6 3 1 1 -- -- -- -- -- -- 
145 -- -- -- -- -- -- -- -- 1 -- -- 1 -- 3 2 6 13 4 1 1 -- -- -- -- -- -- 
150 1 -- -- -- -- -- -- -- -- -- -- -- -- 4 8 20 16 2 1 -- -- -- 1 -- -- -- 
155 -- -- -- -- -- -- -- -- -- -- 1 -- 2 4 9 17 19 2 -- -- -- -- -- -- -- -- 
160 -- -- -- -- 1 -- -- -- -- -- 2 1 -- 8 12 14 25 1 -- -- -- -- -- -- -- -- 
165 -- -- -- -- -- -- -- -- -- -- 1 -- -- 5 11 16 15 1 -- -- -- -- -- -- -- -- 
170 -- -- -- -- -- -- -- -- -- -- 2 2 -- 3 11 19 8 1 -- -- -- -- -- -- -- -- 
175 -- -- -- -- -- -- -- -- -- -- 2 1 -- 2 6 12 11 -- -- -- -- -- -- AGE 2 
180 -- -- -- -- -- -- -- -- -- -- 4 1 -- 2 4 3 3 -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 1 4 -- 1 4 5 2 -- -- -- -- -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- 1 2 -- 2 -- 2 -- 1 -- -- -- -- -- -- -- -- 
195 -- -- -- -- -- -- -- -- -- -- 1 -- -- 1 1 -- 1 -- -- -- -- -- 1 -- -- 
200 -- -- -- -- -- -- -- -- -- -- 1 3 -- 1 1 1 -- -- -- -- -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
270 -- -- --  -- -- -- -- -- -- -- -- -- -- -- -- -- --  -- -- -- -- 
Totals 16 27 50 238 58 31 9 12 9  1 25 22 3 40 75 153 409 350 281 564 353 

-- -- 
-- -- 
-- -- 
-- -- 
-- -- 
-- -- 
-- -- 
62 58 

GRAND TOTAL:      3,390 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 344/345  
 

TABLE A-24 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1938-39; Length-frequency Distribution by Two-week Periods 
 

Length 
in 

mm. 

 
Oct. 1- 

14 

 
Oct. 

15-28 

 
Oct. 
29- 

Nov. 
11 

 
Nov. 
12-25 

 
Nov. 
26- 

Dec. 9 

 
Dec. 
10-23 

 
Dec. 
24- 

Jan. 6 

 
Jan. 7- 

20 

 
Jan. 
21- 

Feb. 3 

 
Feb.4- 

17 

 
Feb. 
18- 

Mar. 3 

 
Mar. 
4-17 

 
Mar. 
18-31 

 
Apr. 
1-14 

 
Apr. 

15-28 

 
Apr. 
29- 
May 
12 

 
May 

13-26 

 
May 
27- 

June 9 

 
June 

10-23 

 
June 
24- 

July 7 

 
July 8- 

21 

 
July 
22- 

Aug. 4 

 
Aug. 
5-18 

 
Aug. 
19- 

Sept.1 

 
Sept. 
2-15 

 
Sept. 
16-
30 

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

AGE + 
2 -- -- -- 2 -- -- -- 

40 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 3 -- 1 2 1 1 -- -- 
45 2 1 7 -- 7 1 6 -- 1 -- -- -- -- -- -- -- -- -- 20 4 2 -- 5 5 4 2 
50 7 2 18 1 24 21 11 4 4 1 -- -- -- -- -- -- 1 9 33 12 17 13 13 13 5 5 
55 29 5 47 -- 87 51 23 12 14 1 -- 1 -- -- -- 1 7 9 53 23 26 22 25 16 14 15 
60 31 2 70 1 98 55 28 25 13 1 -- 1 -- -- -- -- 3 5 35 20 21 15 24 15 5 13 
65 17 2 45 2 88 55 15 17 12 2 -- 4 -- 1 -- 1 2 5 25 8 11 5 5 10 3 2 
70 10 -- 23 -- 50 31 19 11 9 7 -- 2 -- -- 4 1 -- 2 9 4 4 5 5 4 2 6 
75 10 1 20 -- 38 22 8 14 5 3 -- 4 2 5 10 6 6 1 3 1 1 2 2 -- -- 4 
80 5 2 7 -- 33 6 5 4 4 3 -- 1 2 12 17 36 10 -- 4 1 -- -- 2 1 -- 1 
85 -- -- 7 -- 9 14 2 6 1 3 -- -- 2 14 54 73 33 3 4 -- -- -- -- -- 1 -- 
90 1 -- 4 -- 2 6 3 2 3 -- -- -- 1 30 82 114 69 14 6 1 -- -- -- 1 -- -- 
95 1 1 9 -- 6 -- 1 1 1 -- -- -- 5 24 107 155 88 10 8 2 1 -- -- 1 -- 2 
100 1 -- 1 -- 6 -- 1 -- 1 -- -- 2 1 15 96 151 111 15 5 1 -- -- -- -- -- 3 
105 -- -- 1 -- 3 1 -- 1 -- -- -- 1 1 18 73 111 101 11 5 - -- -- -- -- 1 1 
110 2 -- 3 -- 1 -- -- -- -- -- -- 1 1 10 47 94 80 9 5 -- -- -- -- -- -- -- 
115 1 -- -- -- 2 -- -- -- -- -- -- -- 1 4 25 53 53 3 2 2 1 
120 -- -- -- -- 2 -- -- -- -- -- -- 1 -- -- 12 27 26 2 7 3 -- 

AGE 1 1 -- 
1 -- 

125 1 -- -- -- 1 -- -- -- 1 -- 1 -- 1 2 7 16 14 2 -- -- -- -- -- -- -- -- 
130 -- -- -- -- 1 -- -- -- -- -- -- -- -- 5 8 3 7 2 -- -- -- -- -- -- -- -- 
135 -- -- -- -- 1 1 -- -- -- -- -- -- 6 11 14 14 6 -- -- -- -- 1 1 -- -- -- 
140 -- -- -- -- -- 1 -- -- -- 1 -- -- 4 19 21 18 8 -- -- -- -- -- -- -- -- -- 
145 -- -- -- -- -- 1 -- -- -- -- -- 1 3 46 38 17 4 -- -- -- -- -- -- -- -- -- 
150 -- -- 1 -- -- -- -- 1 -- -- -- -- 14 45 50 28 7 -- -- -- -- -- -- -- -- -- 
155 -- -- -- -- -- -- -- -- -- -- -- 1 25 67 50 16 3 -- -- -- -- -- -- -- -- -- 
160 -- -- -- -- -- -- -- -- -- -- -- 3 21 78 54 14 1 -- -- -- -- -- -- -- -- -- 
165 1 -- -- -- -- 1 -- -- -- -- -- 3 29 91 56 14 2 -- -- -- -- -- -- -- -- -- 
170 -- -- -- -- -- -- -- -- -- 1 -- 3. 33 89 39 10 -- -- -- -- -- 
175 -- -- -- -- -- -- 1 -- -- -- -- 5 34 78 34 9 1 -- -- -- -- 

AGE 2 
-- -- 
-- -- 

180 -- -- -- -- -- -- -- -- -- -- -- 6 30 47 24 3 2 -- -- -- -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 1 5 27 39 13 3 -- -- -- -- -- -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- -- 4 31 31 10 1 -- -- -- -- -- -- -- -- -- -- 
195 -- -- -- -- -- -- -- -- -- -- 1 3 20 25 8 1 -- -- -- -- -- -- -- -- -- -- 
200 -- -- -- -- -- -- -- -- -- -- -- 3 20 20 5 1 -- -- -- -- -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- -- 1 15 15 3 1 1 -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- 1 1 11 14 4 1 -- -- -- -- -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- -- 2 11 9 1 1 -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- 4 6 6 2 -- -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- 1 7 3 3 2 -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- 3 1 -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- 1 3 1 1 -- 1 -- *1 -- -- -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- -- 1 2 1 -- -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- 1 -- -- -- -- 

AGE 3 
-- -- 

250 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- --- -- -- -- --   
270 -- -- -- -- -- -- -- -- -- -- -- 1(30cm) -- 1(28cm) -- -- -- -- -- --   AGE  4  -- -- 

Totals 119 16 258 4 459 267 123 98 69 23 4 66 374 880 973 997 647 105 231 83 85 65 85 67 37 54 

* Recorded only as 24 cm. GRAND TOTAL:      6,189 



346/347 FISH BULLETIN NO. 98 

TABLE A-25 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1939-40; Length-frequency Distribution by Two-week Periods 

 

-- -- -- -- -- -- 1 -- -- -- -- -- 3 --  
-- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

 -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- 

 

 

 
-- 

AGE 1 

-- 

 

 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- -- -- 
-- 
-- 

-- 
-- 

-- 
1 

-- 
1 

-- 
-- 

-- 
2 

-- 1 2 
-- -- 1 
1 -- 1 
1 -- 7 
1 1 8 
-- -- 8 
-- -- 7 
-- -- 6 
-- -- 10 
-- 1 5 
-- 2 4 
-- 
-- 

-- 
-- 

3 
-- 

 

            
            45 2 1 -- -- -- -- -- -- -- -- -- 
50 14 5 2 -- -- 1 -- -- -- 1 -- 
55 25 13 4 2 -- 6 1 -- -- -- -- 
60 21 5 6 -- -- 6 6 -- -- -- -- 
65 20 2 10 4 2 6 3 -- -- -- -- 
70 5 2 2 1 -- 6 6 1 1 -- -- 
75 2 2 -- 2 -- -- 3 -- -- -- -- 

 

O
ct

. 1
-1

4 

O
ct

. 1
5-

28
 

O
ct

. 2
9-

N
ov

. 1
1 

N
ov

. 1
2-

25
 

N
ov

. 2
6-

D
ec

. 9
 

D
ec

. 1
0-

23
 

D
ec

. 2
4-

Ja
n.

 6
 

Ja
n.

 7
-2

0 

Ja
n.

 2
1-

Fe
b.

 3
 

Fe
b.

4-
17

 

Fe
b.

 1
8-

M
ar

. 3
 

M
ar

. 4
-1

7 

M
ar

. 1
8-

31
 

A
pr

. 1
-1

4 

A
pr

. 1
5-

28
 

A
pr

. 2
9-

M
ay

 1
2 

M
ay

 1
3-

26
 

M
ay

 2
7-

Ju
ne

 9
 

Ju
ne

 1
0-

23
 

Ju
ne

 2
4-

Ju
ly

 7
 

Ju
ly

 8
-2

1 

Ju
ly

 2
2-

A
ug

. 4
 

A
ug

. 5
-1

8 

A
ug

. 1
9-

Se
pt

.1
 

Se
pt

. 2
-1

5 

Se
pt

. 1
6-

30
 

 
Length 

in 
mm. 

 
21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
30 
35 
40 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- -- 

AGE  + 

-- -- 
1 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
1 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- 
-- -- -- -- -- -- 1 3 11 -- 2 2 2 -- 1 
-- -- -- -- -- -- 3 7 32 16 6 26 5 1 -- 
-- -- -- -- -- -- 2 8 42 30 51 48 9 2 1 
-- -- -- -- -- -- 4 28 61 39 99 91 18 6 -- 
-- 1 -- -- -- -- 5 25 73 42 94 84 13 9 3 
-- -- -- -- -- -- 4 25 73 31 112 92 9 6 3 

80 1 2 -- 1 -- 2 4 -- 1 -- -- 1 -- -- 2 25 54 31 77 70 6 6 3 
85 -- -- 1 1 -- -- -- -- -- -- 
90 -- -- -- -- -- -- 1 -- -- -- 
95 1 -- -- -- -- -- -- -- -- -- 
100 2 1 -- -- -- -- -- -- -- -- 
105 1 -- -- -- -- 2 -- 1 -- 1 
110 2 -- -- -- -- -- -- 1 -- 1 
115 1 -- 1 -- -- 1 3 -- -- -- 
120 2 -- 1 -- -- -- 1 2 -- -- 
125 2 -- -- -- -- -- -- 1 1 -- 
130 2 -- 1 -- -- -- -- -- -- -- 
135 1 -- -- -- -- -- -- -- -- 2 
140 -- -- -- -- -- -- -- -- -- -- 
145 -- -- -- -- -- -- -- 1 -- -- 
150 -- -- -- -- -- -- -- -- -- -- 
155 -- -- -- -- -- 1 -- -- -- -- 
160 -- -- -- -- -- -- 1 -- -- -- 

-- 1 2 -- 4 18 63 19 56 50 1 1 3 
-- 2 3 -- 6 13 39 24 59 44 2 6 1 
1 -- -- 1 7 13 23 14 34 18 1 1 1 
1 3 3 3 8 7 17 6 32 15 -- 1 -- 
-- 1 2 5 30 23 16 8 11 11 -- -- 1 
-- -- 6 5 32 9 8 3 12 7 1 1 -- 
-- 1 1 2 46 22 11 1 3 5 3 -- -- 
-- -- 5 8 64 10 7 -- 5 2 1 -- 1 
1 -- 3 10 58 13 4 1 6 1 1 -- -- 
-- -- -- 3 44 9 4 2 -- -- 2 -- -- 
-- -- -- 3 36 11 3 1 3 2 2 1 1 
-- 7 -- 6 23 4 2 -- 2 6 1 -- 2 
-- 7 4 -- 13 2 -- -- 2 -- 2 2 1 
2 13 3 3 8 1 -- -- 1 1 -- -- -- 
1 18 5 6 6 2 1 -- 1 -- -- -- 1 
2 11 3 4 5 1 -- -- 1 -- 1 -- -- 

165 -- -- -- -- -- 1 1 
170 -- -- -- -- -- 1 -- 

AGE 2 
2 9 4 7 7 2 -- -- -- -- -- -- -- 
-- 9 -- 7 2 1 -- -- -- -- -- -- -- 

175 -- -- -- -- -- -- -- -- -- -- 
180 -- -- -- -- -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- 
195 
200 
205 

-- 1 1 3 3 1 -- -- -- -- -- -- -- 
-- 1 1 1 2  1 -- -- -- -- -- 1 -- 
2 -- -- 2 3 -- -- -- -- -- -- -- -- 
-- -- -- 1 2 -- -- -- -- -- -- -- -- 

1 -- -- -- -- -- -- -- -- -- -- -- 

210 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- 

AGE 3 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
270 -- 
275 1 

AGE 4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

  Totals 105 34 28 11 2 33 31 7 3 5 4 5 71 12 86 46 80 431 285 544 269 669 576 80 44 23   
GRAND TOTAL:      3,484 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 348/349  

-- 

 
Length 

in 
mm. 

 
Oct. 1- 

14 

 
Oct. 

15-28 

 
Oct. 
29- 

Nov. 
11 

 
Nov. 
12-25 

 
Nov. 
26- 

Dec. 9 

 
Dec. 
10-23 

 
Dec. 
24- 

Jan. 6 

 
Jan. 7- 

20 

 
Jan. 
21- 

Feb. 3 

 
Feb.4- 

17 

 
Feb. 
18- 

Mar. 3 

 
Mar. 
4-17 

 
Mar. 
18-31 

 
Apr. 
1-14 

 
Apr. 

15-28 

 
Apr. 
29- 

May 
12 

 
May 

13-26 

 
May 
27- 

June 9 

 
June 

10-23 

 
June 
24- 

July 7 

 
July 8- 

21 

 
July 
22- 

Aug. 4 

 
Aug. 
5-18 

 
Aug. 
19- 

Sept.1 

 
Sept. 
2-15 

 
Sept. 
16-30 

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
30 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 
40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 -- -- - 1 -- -- -- -- -- -- -- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 5 -- 2 1 -- -- -- -- -- 
50 -- -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- 11 12 12 2 -- 1 -- -- -- -- 
55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 24 31 63 11 6 2 -- -- -- 1 
60 -- -- -- -- -- 1 -- 1 -- -- 1 -- -- -- 1 -- 73 54 182 61 6 10 -- -- 1 1 
65 -- -- -- -- -- -- -- 1 -- -- 3 -- -- -- -- 3 69 90 271 102 10 27 1 2 2 21 
70 2 2 9 2 2 7 2 1 1 -- -- -- -- -- 2 2 29 62 211 92 28 24 2 3 10 55 
75 2 3 9 1 1 6 -- 2 -- -- 1 -- 1 -- 2 2 23 62 146 72 43 53 3 2 23 89 
80 2 4 5 4 1 15 1 -- -- 1 -- 2 -- -- 5 4 16 52 123 40 26 32 2 9 30 111 
85 2 3 7 4 1 18 1 1 2 -- -- -- -- -- 7 24 41 45 79 37 9 16 5 5 22 100 
90 1 6 4 3 -- 13 1 2 3 -- -- -- -- 1 8 17 58 46 55 28 10 11 5 4 27 80 
95 2 8 7 3 -- 13 2 2 1 -- 1 -- -- -- 11 21 91 59 33 23 12 6 4 5 16 57 
100 1 -- 3 5 1 7 -- 2 1 -- -- -- -- -- 9 48 86 73 49 30 6 4 3 1 12 36 
105 -- 1 1 2 -- 8 1 3 -- -- -- 1 -- -- 7 41 74 68 39 15 4 2 -- 4 4 23 
110 -- 2 -- -- 1 13 -- 1 1 -- -- -- -- -- 7 22 57 36 51 11 3 1 1 5 3 24 
115 -- 4 2 1 1 5 -- 2 -- -- -- -- 1 -- 1 19 50 38 34 15 4 1 2 2 1 7 
120 1 4 2 -- -- 4 -- -- -- -- -- -- -- 1 4 12 31 22 20 9 3 2 1 1 4 8 
125 -- 1 2 -- -- 7 -- 1 -- -- -- 1 -- -- 5 12 24 18 13 3 1 1 -- -- 1 2 
130 -- 1 1 -- -- 5 -- 2 -- -- -- 1 3 -- 4 7 12 12 7 4 1 -- -- -- 2 6 
135 1 2 3 1 -- 2 1 1 -- -- -- -- 1 -- 3 4 11 5 2 3 1 1 -- -- -- 2 
140 2 -- -- -- -- 1 -- 1 -- 1 -- 1 4 -- 8 7 7 2 -- 1 -- 1 -- -- -- 3 
145 -- -- -- -- -- 4 --  -- -- -- -- 7 -- 5 8 4 1 1 -- -- -- -- -- -- 2 
150 -- 1 -- -- -- 2 -- 1 -- -- -- 4 5 -- 10 4 6 -- 2 -- -- -- 1 -- -- 1 
155 -- 2 1 -- -- 1 -- -- -- -- -- 5 -- 9 3 2 3 -- -- -- -- -- 
160 -- -- -- -- -- -- -- -- -- -- -- 2 5 -- 3 2 4 -- -- -- -- -- -- 
165 -- 1 -- -- -- 1 -- -- -- -- -- 5 4 -- 1 4 2 1 -- -- -- -- -- -- -- 1 
170 -- -- 1 -- -- -- -- -- -- -- -- 5 6 -- 3 -- 1 -- -- -- -- -- -- -- -- -- 
175 -- -- -- -- -- 1 -- -- -- -- -- 5 2 -- 2 -- -- -- -- -- -- -- -- -- -- 1 
180 -- -- -- -- -- -- -- -- -- -- -- 3 4 -- -- -- -- -- -- -- -- -- -- -- -- -- 
185 -- -- -- -- -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- -- -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- 1 -- 2 2 -- 1 -- -- -- -- -- -- -- -- 
195 -- -- -- -- -- -- -- -- -- -- 

AGE 2 
-- 1 1 -- -- -- -- -- -- -- -- -- -- 

200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
205 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
215 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
260 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Totals 16 45 57 26 8 135 9 25 10 3 6 34 56 2 124 268 808 797 1,394 561 174 195 30 43 158 631 

 

           

           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
 

 

 
TABLE A-26 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1940-41; Length-frequency Distribution by Two-week Periods 
 
 
 
 
 
 

AGE  + 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AGE 1 
 

 
 
 
 
 
 
 
 
 
 
 
 

AGE 3 
 
 
 
 
 

 
GRAND TOTAL:      5,615 



350/351 FISH BULLETIN NO. 98 

TABLE A-27 

Waddell Creek, Steelhead: Stream Fish Checked Through Downstream Trap, 1941-42; Length-frequency Distribution by Two-week Periods 

 

 
-- 

AGE 2 
 

-- 
 

-- 
-- -- -- 
-- -- -- 
-- -- -- 
-- -- -- 
-- 
-- 

-- 
-- 

1 
-- 

-- -- -- 
-- 
-- 

-- 
-- 

-- 
-- 

 AGE 3  
-- -- -- 
-- -- -- 
-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- -- -- 

 
 

AGE 4  
-- -- -- 
24 2 9 

 

   

   
   
   
   
   
   
   
   

4 6 17 
3 10 17 
5 6 17 
3 9 15 
3 9 14 
1 5 8 
5 6 6 
4 3 9 
2 7 6 
1 4 8 
1 2 6 
-- 2 -- 
-- 1 2 
-- 3 2 
-- 1 -- 
-- -- -- 
-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- -- -- 
-- 
-- 

-- 
-- 

-- 
-- 

-- -- -- 
55 87 178 

 

 

 
Length 

 
Oct. 1- 

14 

 
Oct. 

15-28 

 
Oct. 
29- 

 
Nov. 
12-25 

 
Nov. 
26- 

 
Dec. 
10-23 

 
Dec. 

24-Jan. 

 
Jan. 7- 

20 

 
Jan. 

21-Feb. 

 
Feb.4- 

17 

 
Feb. 
18- 

 
Mar. 4- 

17 

 
Mar. 
18-31 

 
Apr. 1- 

14 

 
Apr. 

15-28 

 
Apr. 
29- 

 
May 

13-26 

 
May 
27- 

 
June 

10-23 

 
June 

24-July 

 
July 8- 

21 

 
July 
22- 

 
Aug. 5- 

18 

 
Aug. 
19- 

 
Sept. 2-
15 

 
Sept. 
16-30 

in   Nov.  Dec. 9  6  3  Mar. 3     May 12  June 9  7  Aug. 4  Sept.1   
mm.   11                        

21-25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --  AGE +  -- -- 
30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 4 1 -- -- -- -- -- -- -- -- 
35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 2 -- 4 -- -- -- 1 -- 

40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 2 1 3 3 7 1 1 -- -- -- 
45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 5 1 5 5 22 4 1 1 -- 1 
50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 13 10 14 20 42 15 3 -- -- -- 

55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 22 19 51 33 80 19 9 -- 1 -- 
60 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 2 12 41 102 83 121 42 10 4 5 5 

65 5 6 5 4 1 2 2 -- 1 2 1 -- -- -- -- -- 7 44 118 114 128 41 6 1 8 8 
70 16 12 20 5 8 8 4 -- 1 -- 2 -- -- 1 -- 1 5 20 71 103 92 21 3 1 12 7 

75 37 25 32 5 5 9 5 -- -- -- 2 1 -- 1 -- 4 4 6 51 43 52 12 4 1 4 10 
80 25 35 31 6 15 10 3 1 1 -- -- -- -- -- -- 6 16 10 35 32 23 5 1 -- 4 8 
85 12 25 26 4 10 10 6 -- -- -- 1 -- -- 1 -- 16 31 19 46 12 7 4 1 1 -- 6 
90 23 25 19 4 13 6 1 -- 1 1 -- -- 1 1 1 28 48 24 51 13 10 3 -- 1 1 2 
95 17 11 11 3 10 7 -- -- 2 -- -- -- -- 2 -- 26 87 59 70 31 5 3 -- 3 -- 5 
100 6 10 9 2 5 5 1 -- -- -- 4 1 29 109 59 94 32 12 1 -- 1 2 1 

AGE 1 
-- -- -- 1 1 40 93 56 90 28 8 -- -- 1 4 4 
-- -- -- -- -- -- 1 3 31 84 52 75 30 8 -- -- 2 1 4 
-- 2 -- 1 1 -- 2 -- 21 57 34 73 31 1 -- -- -- 1 5 
1 -- -- 2 1 -- 5 2 18 29 26 43 20 4 1 1 -- 2 3 
-- -- -- 1 -- 1 5 5 13 20 9 18 12 5 -- 1 -- 1 4 
-- -- -- 1 -- 4 14 3 21 10 5 13 5 4 -- -- -- 1 1 
-- -- -- -- 1 6 22 9 22 12 4 7 4 3 -- -- -- 1 1 
-- -- -- 6 3 8 29 8 19 5 2 2 1 -- -- -- -- -- 1 
-- -- -- 4 3 18 29 8 18 12 2 4 -- 2 -- -- -- -- 1 
-- -- -- 2 3 13 37 3 26 7 -- 1 -- 1 -- -- -- -- -- 

105 9 5 1 1 7 2 2 
110 -- 4 8 2 5 1 -- 
115 4 3 4 -- 3 2 -- 
120 -- 1 4 1 5 -- -- 
125 1 1 3 1 -- 2 -- 
130 -- -- 3 -- 2 -- -- 
135 -- 1 3 1 1 -- -- 
140 -- 2 3 -- 1 1 -- 
145 -- -- 1 -- 1 -- -- 
150 -- 1 1 -- -- -- -- 
155 -- -- 2 -- -- -- -- 33 9 10 2 2 1 -- -- -- -- -- -- -- 
160 -- -- -- -- -- -- 
165 -- -- -- -- -- -- 
170 -- -- 1 -- -- -- 
175 -- -- -- -- -- -- 
180 -- -- -- -- -- -- 
185 -- -- -- -- -- -- 
190 -- -- -- -- 1 -- 
195 -- -- -- -- -- -- 
200 -- -- -- -- -- -- 
205 -- -- -- -- -- -- 
210 -- -- -- -- -- -- 

-- 24 3 13 2 -- -- -- -- -- -- -- -- -- 
-- 15 1 1 2 2 -- -- -- -- -- -- -- -- 
1 13 2 4 -- 1 -- -- -- -- -- -- -- -- 
-- 12 -- 2 -- -- -- -- -- -- -- -- -- -- 
-- 11 -- 2 -- -- -- -- -- -- -- -- -- -- 
-- 11 -- 2 1 -- -- -- -- -- -- -- -- -- 
-- 7 1 -- 1 -- -- -- -- -- -- -- -- -- 
-- 6 -- 1 1 -- -- -- -- -- -- -- -- -- 
-- 2 -- 2 -- -- -- -- -- -- -- -- -- -- 
-- 1 -- -- -- -- -- -- -- -- -- -- -- -- 
-- 3 -- -- 1 -- -- -- -- -- -- -- -- -- 

215 -- -- -- -- -- -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- 
235 -- -- -- -- 1 -- -- 
240 -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- 

2 -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- 1 -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- -- -- -- 

260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- 
270 -- -- -- -- -- -- 
Totals 156 167 188 39 94 65 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- 
-- -- -- -- -- -- 1 -- -- -- -- -- -- -- 
4 298 60 384 705 512 1,042 655 641 172 41 17 49 77 

GRAND TOTAL:      5,721 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 352/353 

TABLE A-28 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 28-34; Length-frequency Distribution by Two-week Periods 

 

 

 
Length 
in mm. 

 
Oct 
1- 
14 

 
Oct 
15- 
28 

 
Oct 
29- 
Nov 
11 

 
Nov 
12- 
25 

 
Nov 
26- 
Dec 

9 

 
Dec 
10- 
23 

 
Dec 
24- 

Jan 6 

 
Jan 

7-20 

 
Jan 
21- 
Feb 

3 

 
Feb 
4-17 

 
Feb 
18- 
Mar 

3 

 
Mar 
4-17 

 
Mar 
18- 
31 

 
Apr 
1-14 

 
Apr 
15- 
28 

 
Apr 
29- 

May 
12 

 
May 
13- 
26 

 
May 
27- 

June 
9 

 
June 
10- 
23 

 
Jun 
24- 
July 

7 

 
July 
8-21 

 
July 
22- 
Aug 

4 

 
Aug 
5-18 

 
Aug 
19- 
Sept 

1 

 
Sept 
2-15 

 
Sept 
16- 
30 

Se
as

on
al

 
to

ta
l 

19
34

-3
5 

19
35

-3
6 

19
36

-3
7 

19
37

-3
8 

19
38

-3
9 

19
39

-4
0 

19
40

-4
1 

19
41

-4
2 

 
To

ta
l 

61-65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- 1 
70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 1 2 5 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- 3 1 15 20 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 4 1 -- 1 6 5 33 51 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 -- 1 -- 5 4 58 72 
90 -- -- -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 2 1 1 1 3 11 66 87 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 3 1 1 2 6 5 63 82 
100 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 3 -- 1 3 -- 11 64 83 
105 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 4 5 2 6 4 2 14 55 93 
110 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 2 -- 3 2 5 3 4 8 45 72 
115 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 2 3 -- 2 8 5 3 14 37 74 
120 -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 2 2 1 4 3 5 11 33 62 
125 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 5 1 4 1 7 5 6 13 30 72 
130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 -- -- -- -- -- -- -- -- -- 4 4 1 2 10 3 7 10 28 69 
135 -- -- -- -- -- -- 1 1 -- -- -- -- -- 1 -- -- 4 -- -- -- -- -- -- -- -- -- 6 2 4 4 14 5 7 8 15 65 
140 -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 3 1 2 2 14 3 5 13 12 55 
145 -- -- -- -- -- -- -- 2 1 -- -- 1 -- -- -- 1 1 -- -- -- -- -- -- -- -- -- 5 4 3 3 19 7 8 20 31 100 
150 -- -- -- -- -- -- -- 1 2 -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- 6 1 7 1 20 3 3 18 33 92 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 3 4 24 9 1 19 68 129 
160 -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- - -- -- -- -- -- -- -- -- 1 -- 5 2 40 6 6 28 55 143 
165 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 3 -- 2 4 35 14 11 11 77 157 
170 -- -- -- -- -- 1 1 1 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 3 -- 3 2 46 6 4 11 80 155 
175 -- -- -- -- -- 4 1 -- -- -- -- -- †(1) -- -- -- 1 -- -- -- -- -- -- -- -- -- 7 1 -- 4 57 6 2 6 80 163 
180 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 5 5 44 11 4 4 72 146 
185 -- -- -- -- 2 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 -- 5 3 52 8 2 5 68 149 
190 -- -- -- -- 1 3 2 1 -- 1 -- -- -- -- -- -- -- - -- -- -- -- -- -- -- -- 7 -- 4 4 47 13 2 10 59 146 
195 -- -- -- -- -- 1 -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- 8 4 49 11 3 5 27 110 
200 -- -- -- -- -- 3 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 1 13 8 36 10 2 5 16 97 
205 -- -- -- -- -- -- 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 10 5 18 4 -- 12 17 68 
210 -- -- -- -- -- -- 4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 1 7 4 8 4 -- 11 10 51 
215 -- -- -- -- -- -- -- 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 12 3 11 7 -- 5 5 44 
220 -- -- -- -- -- 2 1 2 -- 1 -- -- †(1) †(3) †(13) †(14) †(4) †(2) -- -- -- -- -- -- -- -- 7 -- 12 -- 8 7 1 10 6 51 
225 -- -- -- -- -- 1 8 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 -- 26 1 3 3 2 15 -- 62 
230 -- -- -- -- -- 1 3 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 -- 17 3 4 3 -- 14 2 48 
235 -- -- -- -- 1 -- 3 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 -- 14 -- 2 4 -- 11 1 39 
240 -- -- -- -- -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 15 -- 2 3 1 15 2 40 
245 -- -- -- -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 9 -- -- 2 -- 6 -- 19 
250 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 2 -- -- 2 -- 12 -- 18 
255 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 4 1 -- 2 -- 7 1 18 
260 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 3 1 1 1 -- 12 1 20 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- 1 9 1 13 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- 1 -- 7 2 12 
275 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- 3 
280 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 1 1 -- -- 1 1 -- 3 1 8 
285 -- -- -- -- -- 1 -- -- -- 1 -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- 4 -- -- -- -- -- -- 7 -- 11 
290 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 -- -- -- 1 -- 3 
295 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 2 -- -- -- -- -- -- 3 -- 5 
300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 -- -- 2 -- 1 -- -- -- 4 
305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- *1 -- -- -- -- -- -- -- -- -- -- *1 *2 *1 -- -- *1 -- -- -- *5 
310 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 1 3 1 2 1 1 -- 12 
Totals -- -- -- -- 4 20 33 23 5 15 2 2 1 1 2 6 17 -- -- - -- -- -- -- -- -- 131 37 229 91 601 190 119 435 1,271 3,104 

* Recorded only as 31 cm.   † Marked Ad-RP on downstream migration during same season; put downstream and disregarded as true upstream fish; lengths not taken except for one fish. 





354/355 FISH BULLETIN NO. 98 

TABLE A-29 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1934-35; Length-frequency Distribution by Two-week Periods 

 

 
 

Length 
in mm. 

Oct 1- 
14 

Oct 15- 
28 

Oct 29- 
Nov 11 

Nov 
12-25 

Nov 
26-Dec 

9 

Dec 
10-23 

Dec 
24-Jan 

6 

Jan 7- 
20 

Jan 21- 
Feb 3 

Feb 4- 
17 

Feb 18- 
Mar 3 

Mar 4- 
17 

Mar 
18-31 

Apr 1- 
14 

Apr 15- 
28 

Apr 29- 
May 12 

May 
13-26 

May 
27-June 

9 

June 
10-23 

Jun 24- 
July 7 

July 8- 
21 

July 
22-Aug 

4 

Aug 5- 
18 

Aug 
19-Sept 

1 

Sept 2- 
15 

Sept 
16-30 

Se
as

on
al

 
T

ot
al

 

66-70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
80 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
95 -- -- -- -- -- -- --    1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
105 -- -- -- 2 -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
115 -- -- -- -- 2 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
120 -- -- -- -- 1 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
125 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
130 -- -- -- -- -- 1 -- -- 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
135 -- -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
140 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
145 -- -- -- -- 1 1 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
150 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
155 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
165 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
170 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
175 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
180 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
185 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
190 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
195 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
200 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
205 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
210 -- -- -- -- -- -- 1  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
215 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
220 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
240 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
245 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- -- -- -- -- 1 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
265 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
275 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
280 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
285 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
290 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
295 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
305 -- -- -- -- -- -- *1 *1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
310 -- -- -- -- -- -- 1 1 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 

(35 cm) (33cm) (35cm) 

Totals -- -- -- 4 5 3 4 2 15 1 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 37 

* Recorded only as 31 cm. 



STEELHEAD AND SILVER SALMON LIFE HISTORIES 356/357 

TABLE A-30 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1935-36; Length-frequency Distribution by Two-week Periods 

 

 

 
Length 
in mm. 

 
Oct 1- 

14 

 
Oct 15- 

28 

 
Oct 29- 
Nov 11 

 
Nov 

12-25 

 
Nov 

26-Dec 
9 

 
Dec 

10-23 

 
Dec 

24-Jan 
6 

 
Jan 7- 

20 

 
Jan 21- 
Feb 3 

 
Feb 4- 

17 

 
Feb 18- 
Mar 3 

 
Mar 4- 

17 

 
Mar 

18-31 

 
Apr 1- 

14 

 
Apr 15- 

28 

 
Apr 29- 
May 12 

 
May 

13-26 

 
May 

27-June 
9 

 
June 

10-23 

 
Jun 24- 
July 7 

 
July 8- 

21 

 
July 

22-Aug 
4 

 
Aug 5- 

18 

 
Aug 

19-Sept 
1 

 
Sept 2- 

15 

 
Sept 

16-30 

 

Se
as

on
al

 
To

ta
l 

66-70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
80 -- -- -- -- 1 -- -- 2 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
85 -- -- -- -- -- -- -- 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
90 -- -- -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
95 -- -- -- -- 2 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
100 -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 3 
105 -- -- -- -- 2 -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
110 -- -- -- -- -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
120 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 2 
125 -- -- -- -- 1 -- -- 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
130 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
135 -- -- -- -- -- -- 2 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
140 -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
145 -- -- -- -- -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
150 -- -- -- -- 1 -- 2 -- 1 -- -- -- -- -- -- -- -- -- -- 1 -- 1 -- 1 -- -- 7 
155 -- -- -- -- -- -- -- 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
160 -- -- -- -- -- -- -- 3 1 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
165 -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
170 -- -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 3 
175 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
180 -- -- -- -- -- -- 1 2 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 5 
185 -- -- -- -- -- -- 3 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
190 -- -- -- -- -- -- 2 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
195 -- -- -- -- -- -- 5 2 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 8 
200 -- -- -- -- -- -- 7 5 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 13 
205 -- -- -- -- -- -- 5 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 
210 -- -- -- -- -- -- 3 4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 
215 -- -- -- -- -- -- 6 5 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 
220 -- -- -- -- -- -- 8 4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 
225 -- -- -- -- -- -- 12 12 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 26 
230 -- -- -- -- -- -- 13 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17 
235 -- -- -- -- -- -- 8 4 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14 
240 -- -- -- -- -- -- 9 5 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 
245 -- -- -- -- -- -- 7 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9 
250 -- -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
255 -- -- -- -- -- -- 1 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 
260 -- -- -- -- -- -- 1 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
265 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
270 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
275 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
280 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
285 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
290 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
295 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- *1 
310  

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
-- -- -- 1 

(35 cm) 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 

Totals -- -- -- -- 9 -- 101 86 14 4 5 -- 1 -- -- 1 1 -- -- 4 -- 2 -- 1 -- -- 229 

* Recorded only as 31 cm. 



358/359 FISH BULLETIN NO. 98 

TABLE A-31 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1936-37; Length-frequency Distribution by Two-week Periods 

 

 

 
Length 

in mm. 

 
Oct 1- 

14 

 
Oct 15- 

28 

 
Oct 29- 
Nov 11 

 
Nov 

12-25 

 
Nov 

26-Dec 
9 

 
Dec 

10-23 

 
Dec 

24-Jan 
6 

 
Jan 7- 

20 

 
Jan 21- 
Feb 3 

 
Feb 4- 

17 

 
Feb 18- 
Mar 3 

 
Mar 4- 

17 

 
Mar 

18-31 

 
Apr 1- 

14 

 
Apr 15- 

28 

 
Apr 29- 
May 12 

 
May 

13-26 

 
May 

27-June 
9 

 
June 

10-23 

 
Jun 24- 
July 7 

 
July 8- 

21 

 
July 

22-Aug 
4 

 
Aug 5- 

18 

 
Aug 

19-Sept 
1 

 
Sept 2- 

15 

 
Sept 

16-30 

 
Se

as
on

al
 

T
ot

al
 

66-70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 
80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 1 
85 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 1 
95 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 1 
100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
105 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 2 
110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- 2 
115 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- 1 -- -- -- -- -- -- -- 2 
120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- 1 
125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 
130 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 2 
135 -- -- -- -- -- 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 2 -- -- -- -- -- 4 
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190 -- -- -- -- -- 3 3 1 1 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 
195 -- 1 -- -- 1 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
200 -- -- -- -- 1 -- 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
205 -- -- 3 -- 2 4 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 
210 -- 1 2 -- -- 3 4 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 11 
215 -- -- 2 -- 1 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
220 -- -- -- -- 1 6 3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 
225 -- -- 1 -- -- 6 6 1 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 15 
230 -- -- -- -- -- 7 5 -- -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 14 
235 -- -- -- -- -- 7 3 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 11 
240 -- -- -- -- -- 6 5 2 -- 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 
245 -- -- -- -- -- 4 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 
250 -- -- -- -- -- 2 9 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 
255 -- -- -- -- -- 2 3 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 
260 -- -- 1 -- -- 4 3 1 -- 1 -- 1 -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 12 
265 -- -- -- -- -- 3 3 -- 1 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 9 
270 -- -- -- -- -- 3 2 -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- 7 
275 -- -- -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
280 -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- 3 
285 -- -- 1 -- -- 2 3 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7 
290 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
295 -- -- -- -- -- 1 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 
300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
310 -- -- -- -- -- -- 1(33cm) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 

Totals 1 3 16 -- 13 80 129 16 11 15 7 5 2 2 10 6 8 8 8 7 4 71 3 -- 5 5 435 
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TABLE A-35 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1940-41; Length-frequency Distribution by Two-week Periods 

 

STEELHEAD AND SILVER SALMON LIFE HISTORIES 368/369 
 

TABLE A-36 
 

Waddell Creek, Steelhead: Stream Fish Checked Through Upstream Trap, 1941-42; Length-frequency Distribution by Two-week Periods 
 

 
Length 

in mm. 

 
Oct 1- 

14 

 
Oct 15- 

28 

 
Oct 29- 
Nov 11 

 
Nov 

12-25 

 
Nov 

26-Dec 
9 

 
Dec 

10-23 

 
Dec 

24-Jan 
6 

 
Jan 7- 

20 

 
Jan 21- 
Feb 3 

 
Feb 4- 

17 

 
Feb 18- 
Mar 3 

 
Mar 4- 

17 

 
Mar 

18-31 

 
Apr 1- 

14 

 
Apr 15- 

28 

 
Apr 29- 
May 12 

 
May 

13-26 

 
May 

27-June 
9 

 
June 

10-23 

 
Jun 24- 
July 7 

 
July 8- 

21 

 
July 

22-Aug 
4 

 
Aug 5- 

18 

 
Aug 

19-Sept 
1 

 
Sept 2- 

15 

 
Sept 

16-30 

 

Se
as

on
al

 
T

ot
al

 

66-70 -- -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
75 -- -- -- -- -- 14 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 
80 -- -- -- -- -- 30 1 -- -- 1 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- 33 
85 -- -- -- -- 1 54 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 58 
90 -- -- -- 1 -- 61 2 -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 -- 66 
95 4 -- 1 -- -- 55 2 -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 63 
100 1 -- -- 1 -- 57 1 -- 1 1 -- 1 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- 64 
105 -- -- -- -- 4 46 2 -- -- 1 -- -- -- 1 -- -- -- 1 -- -- -- -- -- -- -- -- 55 
110 -- -- 1 -- 2 33 1 -- 5 1 -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- 45 
115 2 1 -- -- -- 33 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 37 
120 -- -- -- 1 1 26 1 1 1 -- -- 1 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 33 
125 -- -- -- 1 -- 23 2 2 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 30 
130 -- -- -- -- -- 19 6 -- 1 1 -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 28 
135 1 -- -- -- 1 11 1 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- 15 
140 -- -- -- -- 1 11 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12 
145 -- 1 -- -- 2 16 7 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 31 
150 -- -- 1 -- 1 21 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 33 
155 -- -- 2 -- 1 30 29 5 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 68 
160 -- -- -- 1 -- 32 18 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 55 
165 -- -- 1 -- -- 40 29 6 -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 77 
170 -- 1 -- -- -- 38 30 9 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 80 
175 1 -- -- -- -- 37 31 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 80 
180 -- -- -- 1 2 31 28 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 72 
185 -- -- -- -- 2 30 30 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 68 
190 2 -- -- -- 2 23 23 9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 59 
195 -- -- -- -- -- 10 13 3 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 27 
200 -- -- 1 -- -- 6 4 4 -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 16 
205 -- -- -- -- 1 9 6 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17 
210 -- -- -- -- 2 3 4 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 
215 -- -- -- -- -- 1 2 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 
220 -- -- -- -- -- 3 2 1 -- -- -- _. -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6 
225 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
230 -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 1 
240 -- -- -- -- -- 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 
245 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
250 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
255 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
260 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
265 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
270 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 2 
275 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
280 -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 
285 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
290 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
295 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
310 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Totals 11 3 7 6 26 806 290 74 16 8 -- 4 -- 3 1 -- 2 3 -- 2 2 2 -- -- 2 3 1,271 
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TABLE A-37 
 

Waddell Creek: Numbers of Cottus asper Checked Through Downstream Trap, by Four-week 
Periods 

 

 
Period 

1935 
-36 

1936 
-37 

1937 
-38 

1938 
-39 

1939 
-40 

1940 
-41 

1941 
-42 

 
Total 

Oct. 1-Oct. 28 -- -- -- -- -- -- -- -- 

Oct. 29-Nov. 25 -- -- -- -- -- -- -- -- 

Nov. 26-Dec. 23 -- -- 21 -- -- -- -- 21 

Dec. 24-Jan. 20 189 25 32 10 2 10 1 269 

Jan. 21-Feb. 17 254 160 37 19 19 18 15 522 

Feb. 18-Mar. 17 81 83 23 19 8 7 5 226 

Mar. 18- Apr. 14 38 43 8 15 4 13 4 125 

Apr. 15-May 12 28 11 12 -- 7 4 1 63 

May 13-June 9 3 -- 1 4 1 1 1 11 

June 10-July 7 2 1 -- 4 -- -- -- 7 

July 8- Aug. 4 2 -- 12 2 -- 3 -- 19 

Aug. 5-Sept. 1 -- -- 1 1 -- 4 -- 6 

Sept. 2-Sept. 30 2 -- 1 -- -- -- -- 3 

Totals 599 323 148 74 41 60 27 1,272 

 
 
 
 

TABLE A-38 
 

Waddell Creek: Numbers of Cottus aleuticus Checked Through Downstream Trap, by Four-week 
Periods 

 

 
Period 1935 

-36 
1936 
-37 

1937 
-38 

1938 
-39 

1939 
-40 

1940 
-41 

1941 
-42 

 
Total 

Oct. 1-Oct. 28 -- -- -- -- -- -- -- -- 

Oct. 29-Nov. 25 -- -- -- -- -- -- -- -- 

Nov. 26-Dec. 23 -- -- -- -- -- -- -- -- 

Dec. 24-Jan. 20 10 1 2 1 -- -- -- 14 

Jan. 21-Feb. 17 7 3 1 1 -- 1 -- 13 

Feb. 18-Mar. 17 26 3 2 7 -- -- -- 38 

Mar. 18-Apr. 14 3 -- 1 1 1 -- 2 8 

Apr. 15-May 12 9 -- -- 1 1 -- 1 12 

May 13-June 9 1 1 -- 3 -- -- -- 5 

June 10-July 7 -- -- -- 2 -- -- -- 2 

July 8-Aug. 4 -- -- -- -- -- -- -- -- 

Aug. 5-Sept. 1 -- -- -- 1 1 -- -- 2 

Sept. 2-Sept. 30 -- -- 1 -- -- -- -- 1 

Totals 56 8 7 17 3 1 3 95 
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TABLE A-39 

 
Waddell Creek: Sculpins Taken in Upstream Trap, by Four-week Periods 

 

 
Period 1933 - 

34 
1934 - 

35 
1935 - 

36 
1936 - 

37 
1937 - 

38 
1938 - 

39 
1939 - 

40 
1940 - 

41 
1941 - 

42 

 
Total 

Oct. 1-Oct. 28 -- -- -- -- -- -- 1 -- -- 1 

Oct. 29-Nov. 25 -- -- -- -- -- 3 1 -- -- 4 

Nov. 26-Dec. 23 -- -- -- -- -- 1 -- 4 1 6 

Dec. 24- Jan. 20 -- -- 49 -- -- -- 5 22 -- 76 

Jan. 21-Feb. 17 -- -- 46 -- -- -- -- 21 9 76 

Feb. 18-Mar. 17 4 -- 7 3 -- -- -- 1 -- 15 

Mar. 18-Apr. 14 5 68 -- 5 1 -- -- 4 -- 83 

Apr. 15-May 12 36 17 231 3 -- -- 1 1 -- 289 

May 13-June 9 2 19 108 15 -- -- -- 1 -- 145 

June 10-July 7 -- 4 16 18 -- 1 2 1 -- 42 

July 8-Aug. 4 -- -- -- 5 -- -- 6 2 -- 13 

Aug. 5-Sept. 1 -- -- -- 3 -- -- 3 1 -- 7 

Sept. 2-Sept. 30 -- -- -- -- -- -- 3 -- -- 3 

Totals 47 108 457 52 1 5 22 58 10 760 

 
 
 
 

TABLE A-40 
 

Waddell Creek: Garter Snakes Checked Through Downstream Trap, 
by Four-week Periods 

 

 
Period 1933 - 

34 
1934 - 

35 
1935 - 

36 
1936 - 

37 
1937 - 

38 
1938 - 

39 
1939 - 

40 
1940 - 

41 
1941 - 

42 

 
Total 

Oct. 1-Oct. 28 -- -- -- -- -- 1 -- -- -- 1 

Oct. 29-Nov. 25 -- -- -- -- -- -- -- -- -- -- 

Nov. 26-Dec. 23 -- -- -- -- -- -- -- -- -- -- 

Dec. 24-Jan. 20 -- -- -- -- -- -- -- -- -- -- 

Jan. 21-Feb. 17 -- -- -- -- -- -- -- -- -- -- 

Feb. 18-Mar. 17 -- -- -- -- -- -- -- -- -- -- 

Mar. 18-Apr. 14 1 -- -- -- -- 2 -- -- -- 3 

Apr. 15-May 12 -- 2 9 3 2 7 -- -- -- 23 

May 13-June 9 -- 16 15 5 5 10 1 2 -- 54 

June 10- July 7 -- 7 9 7 3 8 1 -- 1 36 

July 8-Aug. 4 -- -- 5 5 1 8 2 -- -- 21 

Aug. 5-Sept. 1 -- -- 1 2 4 4 -- -- -- 11 

Sept. 2-Sept. 30 -- -- 2 -- 2 5 1 1 -- 11 

Totals 1 25 41 22 17 45 5 3 1 160 
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TABLE A-41 

 
Waddell Creek: Crayfish Checked Through Downstream Trap, 

by Four-week Periods 
 

Period 1938-39 1939-40 1940-41 1941-42 Total 

Oct. 1-Oct. 28 1 -- 10 11 22 
Oct. 29-Nov. 25 -- -- 2 20 22 
Nov. 26-Dec. 23 -- -- 1 4 5 
Dec. 24-Jan. 20 -- -- 4 4 8 
Jan. 21-Feb. 17 -- -- 1 6 7 
Feb. 18-Mar. 17 1 -- 6 28 35 
Mar. 18- Apr. 14 -- -- 10 29 39 
Apr. 15-May 12 -- 1 11 49 61 
May 13-June 9 -- 3 13 103 119 
June 10-July 7 -- 11 68 42 121 
July 8-Aug. 4 -- 20 77 85 182 
Aug. 5-Sept. 1 -- 9 28 33 70 
Sept. 2-Sept. 30 1 35 45 54 135 

Totals 3 79 276 468 826 

 
 
 
 

 
TABLE A-42 

 
Waddell Creek: Giant Water Bugs Checked Through Downstream Trap, by Four-week Periods 

 
 

Period 1933 - 
34 

1934 - 
35 

1935 - 
36 

1936 - 
37 

1937 - 
38 

1938 - 
39 

1939 - 
40 

1940 - 
41 

1941 - 
42 

 
Total 

Oct. 1-Oct. 28 -- -- -- -- 1 1 2 1 -- 5 
Oct. 29-Nov. 25 -- -- -- 6 1 1 -- -- -- 8 
Nov. 26-Dec. 23 -- -- -- -- -- 1 -- -- 1 2 
Dec. 24-Jan. 20 2 2 3 -- 1 -- -- -- -- 8 
Jan. 21-Feb. 17 -- -- 1 -- 2 1 -- -- -- 4 
Feb. 18-Mar. 17 -- -- -- 4 1 4 2 -- -- 11 
Mar. 18-Apr. 14 -- 3 1 3 1 3 -- -- -- 11 
Apr. 15-May 12 -- 58 16 7 4 6 2 -- -- 93 
May 13-June 9 -- 106 33 62 28 14 9 1 -- 253 
June 10-July 7 -- 73 33 58 22 12 23 1 -- 222 
July 8- Aug. 4 -- -- 1 14 10 1 24 -- -- 50 
Aug. 5-Sept. 1 -- -- -- 6 7 4 8 1 -- 26 
Sept. 2-Sept. 30 -- -- 3 8 -- 1 1 -- -- 13 

Totals 2 242 91 168 78 49 71 4 1 706 
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Table A-43 

Conversion Table:  Inches  to  Millimeters 
 

Inches Mm.  Inches Mm. 

1/8 3 6 1/8 156 

1/4 6 6 1/4 159 

3/8 10 6 3/8 162 

1/2 13 6 1/2 165 

5/8 16 6 5/8 168 

3/4 19 6 3/4 171 

7/8 22 6 7/8 175 

1 25 7 178 

1 1/8 29 7 1/8 181 

1 1/4 32 7 1/4 184 

1 3/8 35 7 3/8 187 

1 1/2 38 7 1/2 191 

1 5/8 41 7 5/8 194 

1 3/4 44 7 3/4 197 

1 7/8 48 7 200 

2 51 8 203 

2 1/8 54 8 1/8 206 

2 1/4 57 8 1/4 210 

2 3/8 60 8 3/8 213 

2 1/2 64 8 1/2 216 

2 5/8 67 8 5/8 219 

2 3/4 70 8 3/4 222 

2 7/8 73 8 7/8 225 

3 76 9 229 

3 1/8 79 9 1/8 232 

3 1/4 83 9 1/4 235 

3 3/8 86 9 3/8 238 

3 1/2 89 9 1/2 241 

3 5/8 92 9 5/8 244 

3 3/4 95 9 3/4 248 

3 7/8 98 9 7/8 251 

4 102 10 254 

4 1/8 105 10 1/8 257 

4 1/4 108 10 1/4 260 

4 3/8 111 10 3/8 264 

4 1/2 114 10 1/2 267 

4 5/8 117 10 5/8 270 

4 3/4 121 10 3/4 273 

4 7/8 124 10 7/8 276 

5 127 11 279 

5 1/8 130 11 1/8 283 

5 1/4 133 11 1/4 286 

5 3/8 137 11 3/8 289 

5 1/2 140 11 1/2 292 

5 5/8 143 11 5/8 295 

5 3/4 146 11 3/4 298 

5 7/8 149 11 7/8 302 

6 152 12 305 
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TABLE A-44 
 

Waddell Creek: Water Analyses/Chemical Data 
 

 
Locality 

 
Date 

 
Temp. 
water 
°F * 

 
Oxygen 
p.p.m. 

 
Oxygen 
percent 

saturation 

 
M.O. alk. 

p.p.m. 
CaCO3 

 
Chlorides 

p.p.m. 

 
Ca and Mg 

p.p.m 

 
† 

 
CO2  cc/1 
(approx.) 

 
pH 

 
Sulphates ‡ 

 
Observer 

West Branch 11/27/33 48.2 9.5 82 168 36 46 2.2 7.6 Fairly high P. A. Shaw 
West Branch 1/30/34 46.4 10.3 87 108 26 38 --- 7.6 --- P. A. Shaw 
West Branch 3/24/34 55.4 9.3 88 90 22 34 --- 7.6 --- P. A. Shaw 
West Branch 4/30/34 56.3 8.5 81 116 26 37 --- 7.7 --- P. A. Shaw 
West Branch 1/28/41 51.0 15.4 --- 32 --- --- --- 7.4 --- M. Moore 
West Branch 2/1/41 53.0 11.2 --- 40 --- --- --- 7.4 --- M. Moore 
West Branch 2/5/41 --- 11.4 --- 52 --- --- --- 7.5 --- M. Moore 
West Branch 2/6/41 --- 10.2 --- 44 --- --- --- 7.4 --- M. Moore 
West Branch 4/19/41 53.5 9.5 --- 44 --- --- --- 7.1 --- M. Moore 
West Branch 5/2/41 54.5 11.5 --- 48 --- --- --- 7.3 --- M. Moore 
West Branch 5/9/41 60.0 9.2 --- 52 --- --- --- 7.1 --- M. Moore 
West Branch 5/24/41 60.5 9.4 --- 60 --- --- --- 7.3 --- M. Moore 
West Branch 6/14/41 60.5 10.4 --- 68 --- --- --- 7.3 --- M. Moore 
East Branch 11/27/33 49.1 9.6 84 156 33 54 1.9 7.6 Fairly high P. A. Shaw 
East Branch 1/30/34 44.6 11.5 94 90 22 40 --- 7.7 --- P. A. Shaw 
East Branch 3/24/34 55.4 9.8 92.5 84 20 39 --- 7.8 --- P. A. Shaw 
East Branch 4/30/34 56.3 9.2 87.6 100 23 44 --- 7.9 --- P. A. Shaw 
East Branch 1/28/41 --- 12.4 --- 48 --- --- --- 7.4 --- M. Moore 
East Branch 2/1/41 --- 13.0 --- 52 --- --- --- 7.3 --- M. Moore 
East Branch 2/5/41 --- 11.2 --- 60 --- --- --- 7.2 --- M. Moore 
East Branch 2/6/41 --- 11.2 --- 40 --- --- --- 7.5 --- M. Moore 
East Branch 4/19/41 53.0 9.6 --- 32 --- --- --- 7.4 --- M. Moore 
East Branch 5/2/41 54.5 11.9 --- 68 --- --- --- 7.3 --- M. Moore 
East Branch 5/9/41 60.5 9.0 --- 72 --- --- --- 7.2 --- M. Moore 
East Branch 5/24/41 61.5 9.0 --- 80 --- --- --- 7.3 --- M. Moore 
East Branch 6/14/41 61.5 10.0 --- 88 --- --- --- 7.5 --- M. Moore 
Main Stream at Dam 11/27/33 50.0 8.5 75 148 35 43 2.6 7.5 Fairly high P. A. Shaw 
Main Stream at Dam 1/30/34 46.4 10.7 90 98 25 39 --- 7.5 --- P. A. Shaw 
Main Stream at Dam 3/24/34 57.2 9.6 92 86 21 38 --- 7.6 --- P. A. Shaw 
Main Stream at Dam 4/30/34 59.0 8.4 82.7 105 25 39 --- 7.5 --- P. A. Shaw 
Main Stream at Dam 3/2/36 52.0 --- --- 56.5 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 3/9/36 55.0 8.96 --- 59.5 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 3/31/36 51.5 11.01 --- 56.5 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 4/15/36 57.0 10.18 --- 69.8 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 5/18/36 58.0 9.72 --- 71.0 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 6/2/36 57.0 10.64 --- 70.5 --- --- --- --- --- M. Hanavan 
Main Stream at Dam 12/18/40 --- 9.0 --- 176 --- --- --- 7.5 --- Leo Shapovalov 
Main Stream at Dam 1/28/41 --- 15.0 --- 36 --- --- --- 7.6 --- M. Moore 
Main Stream at Dam 2/1/41 --- 14.0 --- 42 --- --- --- 7.6 --- M. Moore 
Main Stream at Dam 2/5/41 51.0 12.8 --- 52 --- --- --- 7.4 --- M. Moore 
Main Stream at Dam 2/6/41 52.0 12.4 --- 44 --- --- --- 7.5 --- M. Moore 
Main Stream at Dam 4/19/41 55.5 9.6 --- 48 --- --- --- 7.3 --- M. Moore 
Main Stream at Dam 5/2/41 55.5 11.8 --- 60 --- --- --- 7.3 --- M. Moore 
Main Stream at Dam 5/9/41 64.5 9.8 --- 60 --- --- --- 7.4 --- M. Moore 
Main Stream at Dam 5/24/41 66.0 9.8 --- 72 --- --- --- 7.2 --- M. Moore 
Main Stream at Dam 6/14/41 65.0 9.4 --- 72 --- --- --- 7.4 --- M.Moore 
Lagoon 2/5/41 --- 11.2 --- 56 --- --- --- 7.4 --- M. Moore 
Lagoon 2/6/41 --- 13.6 --- 48 --- --- --- 7.3 --- M. Moore 
Lagoon 4/19/41 57.5 9.2 --- 52 --- --- --- 7.3 --- M. Moore 
Lagoon 5/2/41 52.0 11.5 --- 56 --- --- --- 7.3 --- M. Moore 
Lagoon 5/9/41 67.0 10.6 --- 60 --- --- --- 7.6 --- M. Moore 
Lagoon 5/24/41 68.5 9.6 --- 64 --- --- --- 7.3 --- M. Moore 
Lagoon 6/14/41 69.5 10.0 --- 80 --- --- --- 7.3 --- M. Moore 

* Temperatures by Shaw converted from °C. to °F. 
† Calcium and magnesium determined together and computed as calcium. 

‡ Qualitative tests. 
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