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CHARACTERISTICS OF THE FALL-RUN STEELHEAD
TROUT (SALMO GAIRDNERI GAIRDNERI)
OF THE KLAMATH RIVER SYSTEM
WITH EMPHASIS ON THE HALF-POUNDER'

WILLIAM D. KESNER ? and ROGER A. BARNHART
California Cooperative Fishery Unit
- Humboldt State College
Arcata, Californic

Creel census data for the 1958, 1962, 1967, and 1968 Klamath River
runs were analyzed to determine growth, age composition, sex ratios,
maturity, migrations, food, feeding habits, and length-weight relation-
ship of fall-run steelhead, particularly half-pounders, (defined here os
steelhead 250—349 mm FL). These were in the 1/1, 2/, and 3/1 age
categories and were on their first upstream migration after only a few
months in the ocean. Most half-pounders are immature, but probably
return as mature steelhead after a second season in the ocean. Half-
pounders, in contrast to mature steelthead, feed extensively on their first
upstream migration. The sex ratio of all Klamath River fall-run steel-
head is about 1:1. Condition factors increase in saltwater and decrease
in fresh. Scale formation begins at about 30 mm. ’

INTRODUCTION

Fall-run steelhead trout of the Klamath River system provide an
important sport fishery during August, September, and October. This
fishery accounts for about five times the effort expended for the later-
run (winter) steelhead (Fish and Wildlife Service, 1960). The carly
fall-run fishery is primarily for small steethead commonly called ‘‘halt-
pounders’’ and is the most important of its type on the West Coast.
Half-pounders are limited to the Klamath, Eel, and Rogue rivers, and
to a lesser extent to a few other rivers in northern California and
southern Oregon. .

In this study, steelhead 250-349 mm (9.8-13.8 inches) ru are defined
as half-pounders. ‘

The purpose of this study was to determine the growth characteris-
tics, age composition, sex ratios, maturity, migration characteristics,

and food and feeding habits of Klamath River fall-run steelhead, par-

ticularly the half-pounder.
STUDY AREA

The Klamath River basin is in south eentral Oregon and northwest-
ern California (Figure 1). In California, the basin includes portions
of Modoe, Siskiyou, Trinity, Humboldt and Del Norte counties. In
Oregon, it comprises portions of lLiake, Klamath, Josephine, and Jack-
son counties. The area of the basin is approximately 10 million acres.
1 Accepted for publication February, 1972,

2 Present address: College of Biological and Agricultural Sciences, University of
California, Riverside, California.
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FIGURE 1. Klamath River drainage.

The main river within the basin is the Klamath, the second largest river
in California, exceeded in size only by the Sacramento. The Klamath
orizinates at Lake Ewana, near Klamath Falls, Oregon. From Lake
Ewana it flows southwest for 263 wiles to its mouth, 32 miles south
of the Oregon-California boundary.

Iron Gate Reservoir is 190 miles upstream from the mouth, at which
point the upstream migration of anadromous fish is blocked.

The largest tributary of the Klamath is the Trinity River. Two
recently constructed reservoirs, Tiewiston and Trinity, block the migra-
tion of anadromous fish into its upper reaches. Other major tributaries
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are the Shasta, Seott, and Salmon rivers. Approximadely 2000,
fributary streams eomplete the dramage system. . o

METHODS AND MATERIALS

Data from 618 returning fall-run steelhead were eollected by
census and hook and line in 1967 and 1963, Samples from 232 st(tul(lwQl
collected by creel census and hook and line in 1962 and 58 ;t(;‘;“l(’ad
caught in fyke nets near Al Pah Creck in 1938 were wi\ve‘n 4 o
authors. During 1967-68 additional data were colleeted from <lv'~(l)l the
that had migrated to Iren Gate Hatehery on the upper ]\'I;nn;dh ‘l"\(j“d
111 1967 and 1968, juvenile steethead were sanmpled by t‘l(‘('ll'nﬁ-j‘-;"er.
from Blue and Tectah creeks, small fributaries of the fower l\'h: )'mg
Data collected ineluded some ov all of the following : length and ‘\\':"{f:‘h.
measurements, scale samples, gonad samples, and sto?na«:h sui »T-)-‘

A-.X]l seales were read on a commercial scale reader using a i,,-,.,‘, SF'
cation of B0X. Secales were read at least three times, If a tair :]T.::(l
of conﬁdence f;pnr,-er.ning the ace of a fish could not be establishod '1(1
the third reading, it was climinated trom the data. Threee un:.lil'u'-l
persons read speeified groups of scales to confirm our interpretat (-
General agreement was attained. ( i

The prineipal eriteria used to define annuti in the study were enttine
or crossing-over of civeuli, inemmpleteness of civeuly, and narrowing
of distance between cirenli (Figures 2 and 3). One year's evowth '12
r(‘_pl'oscnted on a scale was considered to be the time from the ?m'»nmti(‘m
of the last cireulus of an annulus to the formation of the last eirenlns
of the succeeding annulns. T

FIGURE 2. Scale of & 1/1 Klamath River half-pounder. Note the large amount of siream
growth in the year of entrance to the ocean.

Ocean growth on steclhead scales was distingunished from strcam
growth by the increased spacing between the circuli. It was sometimes
difficult to distinguish ocean growth from river growth, especially on
the scales of larger steelhead. N ' )

In this study we used the method of aging steelhead devised by
Shapovalov and Taft (1954). Briefly, this indieates years spent in the
stream and ocean and, when applicable, the spawning history of the
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fish. The number of years spent in the stream appears on the left-hand
sde of a diagenal line and the number of years in the ocean on the
right-hand side of the line. For example, steelhead with an indicated
ae of 2/1 have spent 2 years in the stream, and 1 year in the ocean.
The majority of the stocthead sampled were captured during the fall
months, well before they had completed their eurrent year’s growth.

or the study, the year of capture is considered a full year’s growth.
For rxample, a 2/1 fish has been given an age of 3 years, even though
its third year represents only a few months in the ocean.

FIGURE 3. Scole of o 2/1 Klomath River half-pounder. Note the small amount of growth

achieved during the first yeor of life.

The year of life in which steeThead smolts enter the sea usually
includes both stream and ocean growth. For purposes of clarity and
convenience. and because the gveatest amount of srowth is achieved
in the ocean, a year of mixed stream and ocean growth has been indi-
cated as ocean growth.

All readable scales were measured so that leneths at annuli and
other positinns of importanee could be back-caleulated.

All readable seales were examined to determine if spawning checks
wero present at annnli. In this study. an arca of moderate to heavy
lateral and anterior resorption is eonsidered a spawning check. Small
amounts of lateral resorption may appear at almost any annulus of the
steethead scale, but we belicve that such resorption does not indicate a
spawning-maturation eheck.

Stomach and gonad samples were analyzed by standard techniques.
Temperature and flow data were obtained from the U. 8. Geological
Survey, Bureka, California. A computer program was used in the
lenth-weight vegression analysis (Swingle, 1964). The scale radius-
lenth regression analysis was also computerized.

GROWTH CHARACTERISTICS

The relationship between fork length and weight of 532 Kiamath
River steethead of several age categories was calculated for fish
divided into 1¢ mm groups and for individual fish (Figure 4). The
formula used was W = al’ or log W =log a -+ b (log 1.), where log
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Length (1 . . .
5 0 gth (inches) pengths by age catogory were determined for Klamath River stream
2700 = ‘ 15 20 25 steelheﬂd (Table 1). The ditterences in size of Klamath River stream
! o T T steelh(’.ﬂd within the same age category may be aceconnted for. by dif-
! ferent growth rates and the prolonged spawning season of steeihead
—_— = ! i 1s to different hatehing and em rging times
L =- jeh leads to dilterer H erg 1 .
2400F - gggu}/)vs 4.958 +3.017 (Log L) 10 mm 4, wh g ging
E},o lv\xi:u;?fslls% +2955(Log L) i 1ABLE 1. Means and Ranges of Fork Lengths of Klamath River Stream Steelhead
7 15 collected in 1962, 1967, and 1968 Before Completion of Their Current Year's
Growth
2 100} o I .
Age category \ Mean fork length (min) Range of fork lengths (mm)
i 800k 79 (GN* 52-115
44 150 (79 108-195
- 28 () . 175274
€ e [ U ——
E —~ « Gample size in parentheses.
© | 500+ 2
= § [ongeths by age category were determined for Klamath River ocean
g 43 a stecthead (‘Table 2). The values are similar to those found by Snyder
2 | 200F - (1925) for 18 Klamath River steelhead. The means and ranges of fork
S Jengths for males and females showed no appreciable differences.
g
TABLE 2. Llength Measurements by Age Category. Means and Ranges of Fork
900+ Lengths {(mm) of Kiamath River Ocean Steelhead From the 1958, 1962, 1967,
42 and 1968 Runs. Measurements Yaken Before Completion of Current Year’'s Growth
600F Year satpled
Ay eategory 1458 1962 1467 1968 Total
| S e B ) A
300|r' 279 ()* 285 (43) 287 (2) 293 (26) 287 (74)
11 - — - — -
279 252-340 275-298 260-370 252-370
436 (8) 1458 (7) 186 (13) 466 (30)
— 1 L 1 n 172 - e - e
(e} 100 200 300 400 500 6(1)0 200 368 -H5Y $17-554 148-517 368-559
Length (Millimeters) ' a 2D 385 (D 564 ()
. - 542 385 +42-585
R FIGURE 4, RTehlah:n::np between fork length and weight of 532 Klomath River steefhead. ) . )
. . iniirvccl‘s. represent the average weights for the mid-points of 10 mm length it Hfi (28) fu‘imz) El:(‘) (34) :;'3(43) :s_zz(zm)
207 406 268 420 308-129 285-409 263-429
533 (3) 427 (4) 517 (8) 514 (52)
a=—4.958 and b=3.017 f ivi : 29 e - = i
. =3. or the fish divided into 10 c°
S ; 2 mm  leneth , . A0t . -
groups. For lr}dlvldual ﬁsh, it was log a— —4813 and b = 2.953 H508- 559 105453 456-586 105-586
. tAlhscale radius-length regression analysis performed on 712 Falloun 381 (6) 457 (1) 104 (1) 329 (3) 382 (29)
- steelhea H \ . A Le e . 3/1 - — — - -—
Snvder dﬁ;gge an interecpt of 30.1 mm assuming a linear relationship. 356- 400 289 451 342~ 468 285-351 285-468
)1' er (1925), in a study of the Eel River half-pounder, inferred that s 0o 604 (2
scales first appear when the fish is about 30 mm long. Sumner (pers. a2 e @
ct;mm.) earlier used a 38 mm intercept for back-calculating lengths 521-626
?h Stge]head,(l})ut }'GCIS currently using a 35 mm intercept in a study by B
the Oregon Game Commissio : i T
; g n of Rogue River summer steclhead. l‘{f::csﬂ,,,,,,(,,,;m,, parentheses.
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Means and ranges of length were deterniined For Klamath River o )
EES FIY

head sampled at Tron Gate Iatehery during the winfer of 1967 is \

comparison of the lengths of steelhead sampled at the hatehery winhy yh
lengths of other Kiamath River steelhead of comparable ages in«i' .'~ the
that they did not differ markedly. o ated
i Means and ranges in length at previous ages were hack-cilenlate g
I\lam;}th River ocean steelhead (Table 3). We found l"l;lt h-l'mltil-hn'
annuli for steelhead from the 1962 run were generally less than o
for steclhead from the 105&, 1967, and 1968 rst. I)iSt"]:t‘[m;bl'(‘itwlh' |'\l"'S(‘
k SON Dby

Ienoths Of stream Sll'(‘] 1ea ( tlh ¢ I ) llnd COITesSpo & Dack- i

£ 5 1 (l 5 l ' L ¢co St ]](]”l } ack caten

]a“’,d ]Pngths ()f ocean \f‘('('” (‘(I(] { l- l)l(A ;) can [)(‘.\" ])(‘ (‘\])]:Iil l .h -
2 e \

the faet that the stream fish had not completed their year's arow]
A Now I

when collected. The lengths of several 2/0 fish eollected at or gy

TABLE 3. Back Colculated Lengths by A
y Age Category. Back Calculoted M
Ranges of Fork Lengths (mm)} at Annuli for Kiamath River Sfeeelheee:nsrq"d
the 1958, 1962, 1967, and 1968 Runs Combined rom

Annulus
| I T b )
Age category 1 i 2 | 2 3
R R R ' '
18 (7
1/1 —-—
W)--165
s 1_'&2 (30) 329 fﬁ(‘. (o)
100185 2H)-305 368-550
| e e ) me | e
110-130 310-320 470--520 H42-5845
92 (202) 169 (202 27 (202)*
2/1 B 160 202 327 0%
60-145 105-280 263-429
. E (52) g (52) '*2 (52) Al (32)*
60 -145 132-290 300-460 405-586
4 D { < )
” 93 20) 168 (20) 242 (20) 382 20
65-140 105. 155-320 285-468
i 98 (2) 163 (2) 265 (2) 435 (2) At
4 % 163 265 135 Ahen
80-115 135--190 220310 420-450 521

* Length at ti mati i ivi [
u""gh:safo"lnr::i;:'.capture (and before annulus formation). Others are back-calculations giving lengths at time of

annulus formation (mid-January) were in close agreement with havck-
calculated lengths of 2/1 and 2/2 steelhead. )

.A size group frequency distribution was determined for Klamath
River fall-run steelhcad (Table 4). Half-pounders (250-349 mm sizc
category) consisted only of 1/1, 2/1, and 3/1 individuals. Some fish of
these ages were found within larger size categories also. These age
groups migrated upstream in the same year that they entered the
ocean. Thus the small-sized Klamath River steethead, comnonly ealled
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whalf-pounders”’, ave fish which had heen in the ocean only a very
short period of time and had achioved little ocean growth before be-
ginning their first upstream migration.

TABLE 4. Size-Group Frequency Distribution of Klamath River Steelhead
From the 1958, 1962, 1967, and 1968 Runs

Size group (mm fork length)
250-3149
Age cutegory f-pounder) 330119 >4350
[ — el (SO (. I
71 2 \ -
. 10 i 20
23
152 B i --
- 3 : 49
8 18 i 3
2

AGE COMPOSITION

Most of our data were colleeted by creel census during the fall of the
year so the age composition of steelhead runs occurring later cannot be
inferred. The majority of the steelhead stndied were in the 2/1 cate-
gory. Fish in the 1/1 category were moderately numerous in 1962 and
1968, but were almost lacking in 1967. Notable were the large numbers
of 2/2 steelhead in 1967 and lack of 1,/2 fish in 1968 (Table 2).

“hapovalov and Taft (1954), Maher and Larkin (1954), and others
reported that the age composition of steelhead runs within a given
drainage varies from year to year. Although the age composition of
Klamath River steelhcad no doubt varies from year to year, the differ-
ences obsevved in the 1967 and 1968 runs are atyvpical. It was apparent
from conversations with long-time Klamath River fishermen that the
1967 tnn lacked normal numbers of half-pounders and that the 1968
run contained very few larger, older fish. This is interesting since the
2/1 half-pounders of 1967 and 2/2 steelhead of 1968 were both of the
1965 year class.

‘The winter of 1964—65 i northern Californin was a time of excep-
tionally high water and heavy flooding. The offects of high water on
steelhead production for the year ave not known, Tt is possible that
reduced food supplies and abnormal temperatare patterns affected the
survival of steelhead of the 1965 year elass.

MIGRATION AND MOVEMENT

The size of Klamath River steelhead at the time of entrance to the
ocean was caleulated at between 187 and 210 mm for 1-vear-old smolts,
199 and 215 mm for 2-year-old smolts, and 247 and 280 mm for 3-year-
old smolts (Table & and Figure 5). Riikula (Ovegon Game Commission,
pers. comm.) states that the average length of Rogue River steelhead
at entrance to the sea was between 191 and 241 mm.

Examination of Klamath River steelhead scales revealed that 1/1 fish
do not migrate as rapidly to the ocean after formation of their first
annulus as do 271 steelhead affer formation of their second annulus.
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TABLE 5. Calculated Means and Ranges of Fork Length at Entrance to the Oce
of Klamath River Steelhead From the 1958, 1962, 1967, and 1968 Run on

e TrImn

Fork length (inm)

Age eatepgory: Mean Range

187 (7)* 140 265
200 (30) 140-265
280 (2) 210

194 (202) 130 -280
215 (52) 150-290
247 (29) 175 -320
280 (2) 250 310

* Sample size in parentheses

This conelusion 1s based on the observation that more stream growth
is nsnally present in the year of seaward migration on 1,1 scales than
on 2/1 seales (Figures 2 and 3). It is interesting that 3/1 Klamath
River steelhead scales show little, if any, stream growth after formaiion
of their third annulus and, therefore, enter the ocean earlier ihan do
2/1 fish.

Neave (1949). Maher and Larkin (1954), Shapovalov and Taft (1954),

and Chapman (1938}, found that the majority of steclhead smolts enter
the ocean during March through May. The majority of Klamath stecl-
head enter the ocean in mid-April or carly May and many refurn in
September. This indicates an ncean growth rate for 2/1° of 130 mm {or
4 months, or about 30 mm per month.

The length of 1/1 steelhead at their first stream annulus is greater
than the lengths of 2/1 and 3/1 fish at the same anumnlus (Figure 5).
Apparently, 1/1 fish have a greater stream growth rate than 2/1 fish
and are able to achieve smolt size in their second year, but are smaller
upon entering the ocean than are the 2. and 3-year-old smolts. In addi-
tion they wo to sea later in the year than the 2/1 and 3/1 fish, but
return at about the same time and have not achicved as much ocean
growth. They, therefore, are of smaller size than 2/1 and 3/1 fish.

There ix little difference between the lengths of 1/1, 2/1, and 3.1
steelhead and the back-calenlated lengths of adult steelhead of similar
freshwater life histories. This was trne of the 1965 year class sampled
in consecutive years (Table 6). Thus, we fecl the Klamath River half-
pounder returns the following year as a large mature steelhead.

We were not able to ascertain why half-pounders spend only a few
months in the ocean before beginning their first upstream migration.
Studies by Maher and Larkin (1954) and Sumner (1945) show that
steelhead from the Chilliwack River and Tillamook County streams,
with few exceptions, spend 2 years at sea before commencing their first
upstream migration. Whitt and Pratt (1955) report that most Clear-
water River steelhead spend 1 year in the ocean before beginning their
first upstream migration. A great proportion of Waddell Creek steel-
head return to the river after having spent 1 year at sea (Shapovalov
and Taft, 1954. Hallock, Van Woert, and Shapovalov (1961) found
that most Sacramento River steelhead spend 1 or 2 years in salt water.

Half-pounders were caught primarily in the carly part of the 1967
fall run, while larger steelhead were taken later in the run. In 1968,
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FIGURE 5. Mean fork lengths ot annuli for Klamath River steelhead from the 1958, 1962,
1967, and 1968 runs combined. The striped areas of the bars represent stream
growth and the clear areas ocean growth.

essentially all half-pounders at Blake Riftle were caught by early Sep-
tember. Bailey (1952) computed the mean fork lengths for steelhead
caught at Blake and Turwar riffles for 7 days between August 26 and
October 10, 1951. His data show that the mean lengths of the fish
caught increased as the season progressed.

Although no catch-per-unit effort data were obtained during the

_study, it was observed that the best angling at Blake Riffle, oceurred
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TABLE 6. Means and Ranges of Fork Lengths (mm) at Annuli for the 1945 Yea
Class of 2/1 and 2/2 Klamath River Steelhead Sampled in 1967 and 196;
Respectively ’

Annulus
Age eategory 1 2 o I q
at @* 10 (GhH J60T(34) !
250 . P, — — ;
70125 1-10-280 308-1249 i
100 (8) 194 (8) 390 (8) | M
Bl - - [ ! ’
80 t15 150 260 340150 ! R E VY
—— . !
Mean ’
* —— Sample size in parentheses.

Range
t Length at capture, measurements taken before comyeletion of eucrent year’s growth,

between September 1-10 in 1Y67 and August 21-25 in 1965 U N,
Geological Survey temperature and flow records of the lower Klivih
River for 1967 and 1968 were examined for relationships between 1eme.
perature and flow and times of steelhead movement, specifically Sep-
tember 1-10, 1967 and August 21-25, 1968. An average drop of 3 I in
the daily maximum and minimum temperatures did occur during the
1968 period. A similar corvelation was not obvious in 1967, No cor-
relation was apparent between water discharge and fall-vun steclhead
movement in the lower Klamath. Water temperaturves in the lower
Klamath generally range in the low 70°s for the period of mid-Aurust
to mid-September. A few davs of cloudy weather inland con resuls
in a few degrees drop in temperature on the lower river, possibly
enough to stimulate fish movement. The average late sumer, carly
fall discharge in the lower Klamath ranges from 2,200 efs to 4,400 ¢fs,
but fluctuates little until the rainy season begins, usually mid-October.
Discharge, therefore, probably is not as important a factor as tempera-
ture in stimulating fall-run steelhead movement on the lower Klamaih.
This is not the case for small streams. In Waddell Creek, a small
central California coastal stream, Shapovalov and Taft (1954 point
out the importance of stream flow in stimulating upstream migration.

The migration patterns of fallrun stecthead, particularly half-
pounders, after entrance into the river are largely unknown. .

Persons associated with the Klamath River fishery state that most
half-pounders do not migrate above Seiad Valley, 130 miles from the
mouth of the river. Riley and Estey (California Department of Fish
and Game, pers. comm.) have not observed large numbers of half-
pounders at Tron Gate and Trinity River hatcheries. Lanse {pers.
comm.), from observations and interpretation of data collected during
creel surveys on the upper Klamath in 1967 and 1968, believes ihat
half-pounders do not occur in great numbers above Happy Camp. The
Salmon River has a sizeable half-pounder run. People living in the
Scott River area reported that the half-pounder run is not large in
that tributary.
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CONDITION

Average condition factors of Klamath River steethead were (‘.i.llt.fll—
lated for the 1962, 1967, and 1963 runs (‘Table 7). The lower (.'nndm(_m
factors of steelhead from the upper Klamath :nul. Trinity rivers are
pot surprising sinee upstream migration is demanding ml(l'(’h-aws upon
the energy reserves of the fish. Many of the seales exanined showed
small amounts of marginal resorption at annuli. Ae(-..(,)rdmg fo Qhap-
man (1958), this indicates the fish were losing or just mamtaming
their weight.

TABLE 7. Average Condition Factors of Klamath River Steelhead
From the 1962, 1967, and 1968 Runs

Loceation

Ave category Lower Klamatht Upper Klamathiy Trinity River

1.16 (23)* 1,14 (8) 1.01 (25)
1.31 {17 1.14 (5 1.26 (1)
.21 (90 1.15 (10} 1.01 (39)
1.28 (3D PR 0.98 (1)
;7 CURRpE 1.28 (12) 1.07 (2) 1.10 (1)

* Sample size in parentheses.
t Mouth of Klamath to Weitchpec. .
1 Weitchpec to Iron Gate Reservoir. Includes a few fish sampled at Tron Gate Dam.

1,000 weight (g)
length (msm)?

Condition factor: K =

Trinity River 171 and 271 steelhead have lower average condition
factors than the same age categories of steelhead taken from the upper
Klamath. Many of the Trinity River samples were obtained later in
the year than were samples from the upper Klamath. Further investi-
gation may show, however. that the difference in condition factqrs 15
an indication of a difference in produetivity between the two rivers.

The average condition factor of 55 1/0 juvenile steelhead taken from
the lower Klamath River was 1.35. Ior 79 2 0 juvenile steelhead taken
from all sections of the river the average condition factor was 1.29.

SEX RATIO

The sex ratios for steelhead eaptured on the lower Klamath were as
follows: total all vears, 120 males to 129 females, 21 undetermined ;
1962, 32 males to 35 females. 1 undetermined; 1967, 60 males to 60
females, 9 undetermined; 1968, 28 males to 34 females, 11 undeter-
mined. Many of the fish for which sex eould not be determined showed
little or no gonad development. We believe that many of these were
immature males. Data were insufficient to allow meaningful determina-
tion of sex rvatios by age category.

MATURITY

In this study, steclhead with gonads weighing 1 g ov less were con-
sidered immature. We felt this was below the gonad weight which
divides mature and immature steethead. We prepared a gonad weight
frequency distribution for Klamath River stecthead (Table 8). Half-



216 CALIFORNIA FISIL AND GAME

TABLE 8. Gonad Weight Frequency Distribution of Klamath River Steelhead

From the 1962, 1967, and 1968 Runs
Weight of ponuds in grams
Age entegory I e . T~
Year sainpled* 1.0 1.1-10.0 10.1-25.0 510750
S R | SO [P S _
1
962 . [HEAATS L . .
106768 _ . 813 _ ‘ { A
1,2 '
w62 2 Lo 01 i .-
1967 68 .. 21 13 B | [ .
'
2 H
e .. T 0 ! o
1967-68____. 6730 200 _ 1o
R3]
ez _ . 274 0y .
1067-68. . 10 2 73 TG ]
51 ;
1962 . _____. 172 R - i .-
1967-65_ 51 274 141 P
i
32 ;
1962 . 0/0 . : . .
196768 . ___ .- e 0,1 ! 01 o

* The 1962 samples were weighed as fresh material in the field: those of 1967 and 1968 were weighed as preserved
material in the laboratory after biotting to remove cxcess preservative.
t Male/female.

pounders accounted for the majority of the 1/1 and 2/1 fish and only
three half-pounders possessed gonads weighing more than 1 g Everest
(1970) examined gonads from 80 half-pounders netted on the lower
Rogue River for stage of maturity. Only three of 37 Rogue River
males examined (8% ) were maturing and these averaged slightly more
than 15 inches (380mm)rL. No females were maturing. Everest defines
a “half-pounder’’ as a fish which has spent 1, 2, or 3 years rearing in
freshwater and less than one year at sea before making its first up-
stream migration, and states that such fish are less than 16 inches in
length.-T¥ata from a small sample from the Klamath River indicated
that half-pounder gonads collected in late fall and early winter mouths
had not increased significantly in size.

The percentage of Klamath River half-pounders on a spawning mi-
gration needs further investigation.

Our data indicate that the majority of Klamath River fall-run
steelhead reach sexnal maturity at age four or older, although consid-
erable variation exists. Manyv of the steelhead scales from older age
categories (1/2, 2/2, 3/2) collected in the winter of 1967 at Iron Gate
Hatehery showed the beginnines of heavy rvesorption during their
current year’s growth. However, none of the 1/1 and 2/1 fish collected
from the Klamath River or the hatchery showed evidenee of heavy
resorption on any part of their seales. Only two of the 2/2 steclhead
seales showed evidence of heavy lateral and anterior resorption at the
third (2/1) annulns indicating they had spawned. None of the scales
of 172 fish showed resorption at the 1/1 annulus.
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Size as well as age apparently influences time of .]n;ll,lll'ilthI’l. Many
of the 172 steclhead studied possessed gonads weighing more ‘rh‘z)m' 1 ;:
(Table 8). They had achicved considerable size after spvndm;: 2 .\,onllﬁ
in the ocean. In our study all 2/1 steelhead lapger than half-pounder
size also possessed gonads ]wcnghmg 1;101-0. thnnd]_ 1}:&“ N
- data indicate that there were fwo scecond spawne 1 | :
he;?({nsampled. Shapovalov and Taft (_]!)?4), Chapman (_]9:;?\,\}}7111’?
and Pratt (1955), Maher and Larkin (19:)%). gnd Ha;/lock_.r) an ) g%ro
and Shapovalov (1961), rcportegl 82.8%, §3—8b%. 98%. 95%, and 83%
were first time spawners in their respective steelhead runs.

rs in the steel-

FOOD AND FEEDING HABITS

Recarding the feeding habits of stecthead, Suyder (1933) states:
«“On entering the streams their stomaehs are usna.lly empty. and they‘
seem to vemain so while they are in the estuaries. A 11'21"‘0_ f::n'ﬂu_"l
upstream their appetites appear to return. and their behavior 15 gov-
err-d accordingly.” ) ) o

Snvder’s statement describes well our findings concerning the feeding
habits of KXlamath River steelhead. Stomach samples, when not empty.
from the lower Klamath eontained relatively small amounts of foqd-
material (Table 9). None of the stomachs were full, as was thp. case fo
many of the fish stomachs sampled from the upper Klamath.

TABLE 9. Percentage of Klamath River Steelhead From the 1962, 1967,
and 1968 Runs With Food Materials in Their Stomachs

Area
Size group {ork length () | Lower RKlamath* | Upper Khunathit | Trinity River Total
950-348_ _ . emcmmean 40 (139) 81 (63) &8 (73) 6T (2T
(half-pounters)
350440 e 35 (51) 55 (10) 87 (8 A4 060
b E TS 27 (81) RREN )] 0 (1) 27 (87)
Totals, - o cromcemaa - 40 {271) 77 (78 87 (&) HE SN R R

* Mouth of Klamath to Weitchpec.
+ Weitchpec to Tron Gate Reservoir.
1 Sample size in parentheses.

Tt is interesting that half-pounders feed more than do lavzer s1f'c]||_(‘n(].
Sixtv-seven pereent of the fish under 350 mm had food in tllec)xl~;t(11\1-'
achs compared to only 44% for those fish 350-449 mm and 27% for
those fish over 449 mm. A higher percentage of large steelhcz)d. in .(10‘1(1.
trast, to half-pounders, are ripe or ripening and on a spm\.'nmg_mlg. d].
tion. Lanse (pers. comm.) states that the stomaehs of ripe Klamath

v thead frequently are empty.
R‘;\(;z Sdt:teerrflined tﬂe nm}l’lbers of Klamath River st_e(elhoa'd from the
1967 and 1968 runs containing specified food material in their stomz}chsi
Trichaptera larvae were consnimed by move fish than were other foo
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The calenlated fish length at the fime of scale formation is
30.1 mm.

Mean lengihs by age category of ocean steelhead were similar to
those found in a previous Klamath River steelhead study and
were similar to those frem fish sampled at Iron Gate IHatehery.

materials (Table 10). Shapovalov and Taft (1954) found Trichoner
larvae to be the most important food item of Waddell Creek 31:.0;”::
steelhead. Cowichan River steclhead (233 to 510 mm long) also hag a 8)
higher incidence of Trichoptera larvae in their stomachs than ofhey
food items (Shapovalov and Tatt, 1954. citing 1dyll, 1942). This prob.
ably does not indicate fo«_»d preference but rather food availability, 1t . . . y
appeared tl'mt many of the ﬁsh had simply ““scooped up’’ a mass of 9) The hack-calenlated sxvzes at time of ontlamo:)_ tg ﬂlg oceanv for
food materials often mixed with small stones, sticks, bird feathers ocean steelhead werve as follows: ]‘Y“-”l"”_]_d-\'-‘]b‘——m mm; 2-vear-
other miscellaneous material. olds, 199-215 mm; and 3-year-olds, 247-280 mm. Older smolts

-
~

. or

apparently migrate to the sea cavlier in the year than the younger
TABLE 10. Numbers of Klamath River Steelhead From the 1967 and 1968 ones.
::_‘___M"i'_':'i Containing SPei"Ef Food Materials in Their Stomachs 10) Based on back-calenlations, steelhead from the 1962 run grew
"""""" T more slowly than those from other runs sampled.
Size gronp {(nym) - .
S - 11) Actual lengths of several 2/0 steelhead talken near the time of an-
— . nulus formation were in close agreement with the back-calenlated
Food material Stage® halfoponnder) 350 440 450 Toral lengths of 21 and 2/2 fish at the time of their second annulus
. . B T R S - formation.
]L);:;i‘j;‘:,‘t;;; """" L b v . H 12) There werc no good correlations between water temperature or
Hymenoptera______ M 1 0 0 | flow, and peak runs of Klamath River steelhead.
Ephemeroptera_____ I 17 3 4 23 . . . . .
Odonata. . ..___. 1 1 0 0 1 13) The distribution of half-pounders in the Klamath River extends
Hecopsors- . " 3 : u from the mouth upstream to about Seiad Valley. The Salmon
Coleoptera. - M 1 0 0 1 River has a sizeable half-pounder run.
Trichoptera________ I 30 3 1 B . - . : :
Gastropoda_ ____.__ - 4 1 1 b 14) Condition factor of Klamath River steelhead decreases with time
Pelecypoda._ . __.._. - 1 0 0 | . nch e . .
Annelida. - = 9 0 o . in freshwater.
Prastaces. - ! ¢ : ! 15) The sex ratio of Klamath River steethead is approximately one-
Salmon eggs. - 1 4 10 2 to-one.
T e 16) The Klamath River half-pounder is small beeause it remains only
L mmature; M, mature. a short time in the ocean before makings its first upstream migra-
SUMMARY tion. Gonad examinations indicate that it enters freshwater on a
. _ non-spawning run, excepting perhaps for a small percentage of
1) For purposes of this studyx the half-pounder is defined as a steel- males. It returns to the ocean and Iater makes a second upstream
head 250-349 mm rr. The majority of those aged were in the 2/1 migration as a larger mature steelhead. Most Klamath River steel-
category, all the remainder were either 1/1 or 3/1. head reach sexual maturity at age four.
2) Half-pounder steelhead are limited to rivers of northern Califor- 17y Stomach analyses indicate half-pounder steelhead feed extensively
nia and southern Oregon, prineipally the Klamath, Eel and - while large maturing steelhicad do not. Trichoptera larvac were
. Rogue. The fishery for half-pounders on the Klamath River is the the most commeon food item noted in stomach samples.
most important of its type on the West Coast.
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MORTALITY AND SURVIVAL RATES OF TAGGED
LARGEMOUTH BASS (MICROPTERUS SALMOIDES)
AT MERLE COLLINS RESERVORR'

ROBERT R. RAWSTRON and KENNETH A. HASHAGEN, JR.
Inland Fisheries Branch
California Department of Fish and Game

A tagging study from 1965 through 1969 revealed flmff (:prl?ltai;::
rates of largemouth bass increased after the first season fo t‘.;wmrg"hml
poundment, reaching o high of 0.65 in 1968 and 1970. Annulu suﬂun'
rates generally increased and stabilized near 0.20. Nal'u.rc" mo ru’esy
declined. A combination of the highest regorfed exp ona‘:lon ulu.’
reduced annual catches, lowered catch/hour, increased bluegi Y ;:’op'“di-
tions, and competition with smallmouth bass anc{ 'h.readﬁn,s L} loufh
cate possible continved depletion and overexploitation of largem

bass.
INTRODUCTION

The number of low- and mid-elevation warmwater reservoirs 1‘1;
California 1s inereasing rapidly. Potentially, these nnpoundn.wnts c‘m.n d
satisfy the demands of an increasing number of auglers iovr qu.tvhl‘)
fishing opportunities. Unfortunately, fish yleld_s in tllvese. %al\est, ﬂbhsl‘l)l
other impoundments throughout the world, are initially _Ing 1 ctl)u sul ‘1
quently decline. Knowledge of annual harvest, mortality, A .sut;v1y
rates, as well as other cateh statistics of the fishery, is necessary to fn‘-c
tex-l)l:et changes in the fishery and to develop approprm‘te manalgglm:
techniques. With the exception of Sutherland Lake (Lak aunce{ \)uins‘ y),
and Chadwick 1964) past tagging studies in California to (eumll(‘llu:
mortality and survival rates of largemouth bass have ccntg_redR()'xl ~0~1 ‘elll
reservoirs and natural lakes (Fisher 1953; Kimsey 1357; ‘11\5(5310',
1967). With the impoundment of Merle Collins Reservoir in becr’u;
broad investigation to monitor the changes in fish ;f:.eldsl was ti;;;. "
As part of this investigation, a tagging study was initiatec toﬂes Jmato
annnal mortality and survival rates of the lax.'ggmouth lzass‘, flen(;“_\.mw
chief predator and most popular game fish, during the y ezuf S ti;) owing
impoundment. This report principally presents estlmatpsfo. teiOll v
statisties from 1965 through 1970, but also draws on in 01{11% on de-
rived from other portions of the investigation to indicate possible ove
exploitation of largemouth bass.

DESCRIPTION OF STUDY WATER

Merle Collins Reservoir is a typical steep-sided, ﬁuctuatmg {}-.L-Jg'a-
tion impoundment on French Dry Creek about 20 miles east of I arys-
ville, California. It has a highly irregular shorelineg with many ;();(.\‘j
All 7trees ereater than 2 inches in trunk diameter were removed, but

S g :
1 Accepted for publication December 1971. This work was performed as part of Dingell-

Johnson Project California F18R, "Ex.perimer}tal Teservoir Management”, sup-
ported by Federal Aid to Fish Restoration funds.
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