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THE CARRYING CAPACITY FOR JUVENILE SALMONIDS
IN SOME NORTHERN CALIFORNIA STREAMS'

JAMES W. BURNS
Inland Fisheries Branch
California Department of Fish and Game

Standing crops of juvenile coho (silver) salmon (Oncorhynchus kisutch),
steelhead rainbow trout (Salmo gairdneri), und coast cutthroat trout
(Salmo clarki) were examined in seven coastal str to defi the
natural carrying capacity of these streams, and to develop methods of
population comparison and prediction which could be used to determine
the effects of road construction and logging on salmon and trout pro-
duction.

Biomass per unit of surface area was the best method of expressing
carrying capoacity, becavse biomass was better correlated with stream
surface area than with other parameters tested. Volume of streambed
sediments, total dissolved solids, alkalinity, and total phosphate in six
streams were not satisfactory predictors of carrying capacity. Only living-
space variubles correluted significantly with biomass. Not all streams
reached carrying capacity in the summer and salmonid biomass was
highly variable. Even with 3 years of prelogging study, it would be dif-
ficult to attribute a change in carrying capacity under 50% to any-
thing but natural variation.

INTRODUCTION

Standing erops of juvenile eoho (silver) salmon, steelhead rainbow
trout, and coast eutthroat trout were examined in seven coastal streams.
T'he goals of this investigation were to define the natural salmonid car-
rying tapacity of these streams, and to develop methods of population
comparison and prediction which could be used to determine the effects
of road eomstruetion and logging on salmon and trout production.

The most direct way to assess the impaect of logeing on anadromons
salmonids is fo compare numbers of juvenile ontmigrants before and
after logging, This method is generally impractical in California, be-
cause characteristic extreme seasonal fluetnations in streamflow make
construetion and maintenanee costs of weirs and traps prohibitive
(Burns, 1966), As an alternative, the juvenile carrying capacily of
streams before and after logging was compared. Valid comparisons re-
quired a reliable, standardized sampling method. T reasoned that dur-
ing minimum streamflow in the summer, juvenile salmonids would be
at their greatest weight density (biomass per unit of living space), a
density that would remain fairly constant from year to year and would
be regulated by available living space. Any adverse effects of logging
should deerease the stream’s salmonid earrying eapacity and be indi-
cated by a decrease in the weight density of salmonids during summer,
However, before this method was used, T had to fest two hypotheses:
(i) salmonid carrying capacity in coastal streams is attained during
the snmmer, and (ii) the biomass of salmonids remains relatively con-
L Accepted for publication August 1970, This study was performed as part of Dingell-

Johngon Project California -10-R, “Salmonid Stream Study”, supported by Fed-
eral Aid to Fish Restoration Funds.
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CARRYING CAPACITY FOR BALMONIDS 45

stant from one summer fo the next. The relationship of minimum
streamflow and water quality to salmonid density was determined, since
these variables also affect salmonid abundance and therefore carrying
capacity.

Carrying capacity is defined as the greatest weight of fishes that a
stream ean naturally support during the period ol least available
habitat. 1t should be considered a mean value, aronnd which popula-
tions fluctnate (Moyle, 1949), Spawning salmonids in coastal streams
are thonght to produce enough progeny to fill gtreams to earrying ca-
pacity. This assumption is supported by observations of high rates of
emigration and mortality of fry shortly after emergence from (he
spawning bed (Shapovaloy and Taft, 1954). Since a seetion of stream
can accommodate only a limited number of fterritories, surplus fish are
displaced (Allen, 1969). Displacement distributes fish to parts ol the
system remote from the spawning grounds, thus insuring thal most of
the area and prodnetivity of the system is utilized. Bven in the ahsence
of execess fry produetion, receding snmmer streamflow limits habitaf
and practically insures that streams are filled to carrying eapacity.
Survival and growth of fishes in these streams are density dependent,
or have density dependent components (MeFadden, 1969), The stream’s
carrying capacity limits the number and weight of salmonid smolls ul-
timately produced.

METHODS

Sections of seven streams were studied during the summers of 1966
through 1969, The streams are located in the coastal redwood (Sequoia
sempervirens) belt between Crescent City and Fort Brage, California.
Three northern streams, Bummer Lake Creek, Godwood Creek, and
South Fork Yager Creek, were in virgin, old growth forests (never
logged) and four southern streams, North Fork James Creek, Tittle
North TFork Noyo River, North Fork Caspar Creek and South Fork
Caspar Creek, were in second-growth forests (logged about 100 years
ago). Four of these streams (Bummer Lake Creek, South Fork Yager
Creek, Litile North Fork Noyo River, and South Fork Caspar Creek)
were logged by 1968 (Burns, 1970) ; however, this report considers only
prelogging conditions (Table 1). Postlogging conditions are the sub-
jeet of a future report (James W. Burns, MS), Only one stream had
been recently logged (North Fork James Creek) and logging was com-
pleted there in 1962, This streamm was surveyed once, Unlogged streams
(Godwood Oreek, an upstream seetion of South Fork Yager Creek, and
North Fork Caspar Creek) were studied for 3 years. More defailed
deseriptions of the streams are given by Burns (1970) and Fredrie R.
Kopperdahl, James W. Burns and Gary H. Smith (MS). Fishing pres-
sure for juvenile salmonids on these streams was negligible.

Stream dimensions were determined by standard sampling procedures
(Weleh, 1948 and Lagler, 1956) using permanent fransect stations.
The number of transeet stations ranged from 30 in stream sections
less than 1 km long, to 101 in longer sections. Fish were captured with
a battery-powered DC back-pack shocker, and popnlations estimated by
the Petersen single census mark and recovery method (Davis, 1964)
or by the removal method (Seber and LeCren, 1967). Age classes of
trout were separated by length frequency methods. Fish less than 1 year



TABLE 1—Habitat Dimensions and Teleost Biomass in Seven Northern California Streams

Dimensions of sections at time of survey

Discharge,
Survey m?/sea Lengil,
date (ef=) Lra (1}
Burnmer Lake Cr., Sept. 1987 0.815 1.524
Del Norte County (0.521) (0.521)
Gadwood Cr., July 1867 0.036 1.088
TTambeldt County {1.27 (0. G82)
8. Fk. Yager Cr.. Aug. 1967 0.017 1.119
Huraboeldt County (0.598) {0.895)
N. Fk. James Cr., Oct. 1966 0,003 0,039
Mendocino County {0, 10aG) (0.424)
Little N. Fk. Noyo R., Oct. 1966 0.002 0.30%
Mendoelnoe County (0.G77) {0.248)
N. Fk. Caspar Cr., June 1967 0.012 2.451
Mendoeino County Q.415) (1.523%
8. ¥k, Caspar Cr., June 1967 0.013 3.002
Mendocino County (0. 447) (1.921)

Abzolute bliomass, ke (1L)

SBurface area, heotares facres)

Fools

0.459
i

135

.214
-529)

0,420
(1,038

0. 005
012

0.041
.102)

0.263

0,295

(0.730)

L8B30 |

Riffles

0.

.270
667

110
-273)

183
405

003
007

-019
048

213
L3310

208
760}
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0.
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. Volume,

mi#
(nore-ft)

1,444
1170

445
(0.3681)

752
(0.610)
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0. 008

B2
(0.073)

201

(0.238) |

367
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0.54
(1.86)

9,59
{21.15)
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0%
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.62+
.49)
52
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(22%
.49)

.21
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A.311 |
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a0.02 0,95
(B6.17) (2.15)
5.42 017§
{11.93) 0.37)
25.62 .68%
(50, 48) (1,51
.52 0,061
(1.15) {2.20)
1.48 0101
(3,26 (0.21)
G.05 SRS
(13.34) P
229D 0.15¢ |
(30.49) (0.32)
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(13.
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.00
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* Steethead rainbow trout (Seime pafrdners) and coest cultbroal troul {Sefme darke).

% Steelhead rainbow trout.
1 Seakpin {Cotéus spp.).

§ Seulpin and threcspine stickleback (Gasterosteus aculsatus),

# Threespine stiekleback,
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CARRYING CAPACITY FOR SALMONIDS 47

old were designated as ‘Age -, and yearling and older fish were lumped
as a single group, Age 1-4-. Coho salmon juveniles were also combined
as a single group, Age -+, since few spend more than 1 year in stream
residence. Biomass was determined by multiplying mean individual
weight by the population estimate for each species. Population estimates
were presented in two forms: (i) absolute, referring to the estimated
population of fish in the stream section (e.g., kilograms or numbers),
and (ii) relative, referring to the population of fish per unit of living
space (e.g., kilograms per hectare or number per square meter),

'RESULTS AND DISCUSSION

Methods of Expressing Carrying Capacity

Carrying eapacity is expressed either as the number of fish in the
population, or more commonly, as the total weight of the population
(biomass). Living space is also considered when measuring carrying
eapacity, since changes in biomass may be due to changes in available
habitat. Living space parameters include stream surface area, volume,
length, and flow. To determine which variables best expressed relative
biemass, correlation coefficients for fish biomass and each of these living
space parameters were caleulated. Since these seven streams varied con-
siderably in the length of stream surveyed and in their biomass (Table
1), T thought that some unmeasured factors could influence the correla-
tions tested. Therefore, correlation coefficients for both the seven
streams and a single stream were ealenlated (Table 2), thereby elim-
inating some of the unmeasured factors. The best correlation for the
seven streams was absolute biomass with surface arvea (Table 3). For
North Fork Caspar Creek, biomass per surface area was also superior,
with streamflow also having a significant correlation with absolute bio-
mass. These results pointed to kilograms per hectare or pounds per
acre as superior to other expressions of biomass. Coho production in
Oregon streams also correlated more strongly with available stream
area than with other stream parameters (Mason and Chapman, 1965).

Changes in Biomass

Salmonid biomass in the unlogged streams changed considerably
during the study. North Fork Caspar Creek’s mean biomass of sal-
monids was 5.56 ke (Table 2), The 95% confidence limits were
+27.5% of the mean, The confidence limits of the mean kilogram per
hectare were =16.99% (¥ — 15.54). The mean in South Fork Yager
Creck was 8.67 kg (Table 4), with 95% confidence limits of ==13.0%.
The confidence limits of the mean kilograms per hectare were ==47.8%
(¥ = 34.59). Changes in biomass in Godwood Creck were greater than
in the other two streams (Table 5). The mean hiomass of salmonids
was 4.06 kg, with 95% confidence limits of ==75.2%, The confidence
interval of the mean kilograms per hectare were =81.2% (¥ = 12.54).

Weakness in the Biomass/Surface Area Expression
Density expressions of biomass (kg/ha) did not reflect well the real
changes in total fish populations. They commonly inereased in late
summer when the total biomass actually decreased. Absolute biomass
in North Fork Caspar Creek, for example, usually decreased as the
stream’s surface area deereased (Table 2). Relative biomass increased,



TABLE 2—Stresm Dimensions and Teleost Biomass in North Fork Caspar Creek, Mendacino County

‘ — - = — -
Stream dimensions ai lime of survey Absolute bipmase kg (I Relative
biomiss
= ——— S 1 .
Suriace ares, heciares {acres) Total
Ihacharge, — . | Steelhead salmonida,
Survey mi/sen length, Volume, | Coho ratobow Total ko/ha
date efs) ki troi} | Pools Riffies Tolal mi {ncre-ft) | sabimon | irout salmonids (W aore)
June 1967 ______ 0.012 2 451 0.263 a 2ta 0.478 201 (.84 5.21 6.05 12 .64
(0.415) (1.523) KON 5T (0. 531) {1.181) (0.238) (1.88) (11.48) (33,343 £11.29)
|
Qet. 1967 ______ 0.007 2.526 0195 0,195 .390 178 0.57 5.70 | 6.27 16.08
(0.237) (1.445) ), 482) (D.4581) (0. 963) {0.144) {1.28) {12.57) (13.83) (14.36)
June 1965 .. ..._ 0.007 ? 458 0,181 0160 0,380 219 (.45 4.18 4.63 12.87
(0. 242) (L.527) (0.471) (0. 417) (0.588) (0.}78) (0.%9) (9.213 (10.20) {11.49)
Oet. 1988 .. 0,007 1.984 0163 0,067 0.230 105 0.44 3.32 3.76 168.36
(0.038) (1.233) (0. 403} $0.163) (0. 568} (0.685) (0.98) (7.82) (5.30) (14, 61)
June 1968_ ... | 0.013 2.458 1.242 [ 252 0,494 301 269 4,85 T.84 15,85
©.446) | (L.5ZT) (0,308 (0.623) {1.221) {0,244y (6.54) (10.69) (17.28) (14.15)
Oet, 1989 __ ... (.001 ] 1.975 0143 0.099 0, 247 130 2,00 2.79 . 4.70 19 39
{0.044} (1.227) (0.366) (0.244) (0.6:0) {0.122) (4.40} | £8.16) (10, 56) (17.31)
| I )
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TABLE 3—Correlation Coefficients for Living Space Parameters and Biomass

Htatistically

Correlation significant

Varinbles testod coefliciant nt 5% level

Seven northern California streams
Stream surface ares (ha) ve. salmonid biomess (eg) oo 0,898 yos
Strenin surface area (ha) va. teleost biomass (kg) - .- — 0,895 yes
SBtream volume (mm?) va, salmonid biomass (kg) ... . =l 0.837 ves
Streant volume (m") va. teleost biomass (kg) . oo~ 0.844 ves
Streamilow (mn?/sec) vs, salmonid biomass (kg/dem) - 0,003 no
Btreamflow (m?/sec) va. teleost biomass (kg/km) oo oo 0,020 no
North Fork Caspar Creek, Mendocine County

Watted stream length (m) vs, salmonid biomass (kg). oo ooooones 0,656 no
Btream surface area (ha) va. salmonid biomnss (ke) . o ooeeo oo ). 868 yves
Stream volume (m?) va, sulmonid biomasss (k). ... -~ - 0,780 no
Btrewmilow (mt/sec) ve. salmonid biomnss (kg).._. I 1, 836 yes
Streamilow (m?/sec) va. salmonid biomnss (kg)oo oo er oo eeann 0.622 no

however, because the fish were forced into a smaller area. Steelhead
may have adjusted to greater population densities by reducing terri-
fory size, Accommodation by steclhead has been reported from British
Columbia streams (IHartman, 1965). Another possible explanation for
the increase is that the stream was not at carrying capacity in June
beeause of low fry produetion resulting from small spawning escape-
ments, Deereasing living space may have brought these fish fo densities
at or mear the earrying capacity in October. To describe aceurately
changes in fish populations and carrying capacity it is best to present
the absolute along with the relative values.

Carrying Capacity Studies

Salmonid biomass in Godwood Creek was exeeptionally low, ranging
from 16.68 keg/ha in 1967 to 8.48 in 1969 (Table 5). Prairie Creeck, to
which Godwood Creek is a tributary, had a salmonid biomass of 21.95
kg/ha in 1969, suggesting that Godwood Creek probably wasn’t at
carrying eapacity. Low population densities in Godwood Creek in 1968
and 1969 apparently reduced competition, for fish attained greater
average lengths than in 1967, when densities were greater (Table 6).
Inereased growth, however, apparently did not compensate for lowered
density and carrying capaeity was not reached in 1968 and 1969. To
fest if Godwood Creek was at carrying eapacity in 1969, T transplanted
the salmonids eaptured in Praivie Creck in July into a 366-m section of
Gtodwood Creek in sufficient numbers to inerease the biomass to 27.98
kg /ha. Two months later the same seetion of Godwood Creek was cen-
sused to determine if the biomass had rvemained above the July 1969
value of 7.836 kg/ha, It was 1808 keg/ha at the second eensus, This
experiment demonstrated that the stream had been helow carrying ca-
paeity before transplanting the Prairvie Creeck fish, There were no ob-
vious reasons for the low number of salmonids in 1968 and 1969, except
that young-of-the-year coho were exceptionally scarce then, suggesting
that the spawning run had not seeded the stream to carrying capacity.
There were no signifieant changes in spawning bed sediments (Burns,
1970) to explain reduced survival of ineubating embryos and fry.



TABLE 4—Stream Dimensions and Teleost Biomass in South Fork Yager Creek, Humboldt County

Relative
Btream dimeosions at time of survey Absolute blomass, kgllb) blomass
Surface ares, heetares (ueres) [ Total
Bteelhead | salinonids,
Discharge, Length, Volume, | rainbow Non- keg/ha
Survey date mé/see {ofs) km(mi) Pools Riffes Total m¥{acre-ft) trout salmonids# | (b fanre}
Aug, 1967 ___ ... .. 0,017 0. 560 0,205 0. 068 0.273 374 /.80 0.0z 32 22
(0, 598} (0.348) (0. 506) (D.188) (0,874} (0303} {19.39) 0.0 (28.77)
Aug. 1968 ... ___ 3.01i5 Q. 560 0110 0.105 0.215 229 9.05 42,08
(0. 527} #0.348) (0.271} 0. 2600 0.530) (0. 1868) (19.95) (37.57)
Aug. 1968 .. 0.020 0. &0 g.192 D.085 0.278 3581 8.18 29,39
{0.7193 (0.348) {0.474) 0.213) {0.687} (0. 303 {15.03) [26.24)

* Seulpin (Clottus spp.}.

TABLE 5—Stream Dimensions and Teleost Biomass in Godwood Creek, Humboldt County

Relative
Btream dimensians st time of survey Absolute biomass, ke (Ib) bipmass
Surface ares, hectarea (acrea) Total
aslmonida,
Discharge, Length, | Volume, Coho Total Non- ke/ha
Burvey date | mi/sec (cfs) km{mi} Poola Riffles | Total mHacre-ft) saimon Treuth salmonids aalmonidst {Ih/acre)
July 1967 ... | 0.038 1.008 0.214 0.110 0.324 445 3.56 1.86 5.42 0.17 16 65
{1.270) (0.632) (0.528) 0,273} {0,802} {0.361) (7. 843 (4.00) (11.93) {0.37) (14 88)
July 1968_ ... 0. 020 1.098 0.157 0.150 0,307 aT5 2.52 | 1.5 3.8 .02 12.45
(1.033) {0.652) (0.388) 0.37H) {0.760) (0.304) {(5.12) {%.33) {8.45) | {0+, 05) (11.12)
July 1969____. 0.031 1.098 | 9.228 D123 0.351 428 1.20 1.78 2.98 0.03 5.45
{1.080) {0.852) {D.564) {D. 304) {D.B63) {0.347) {2.84} (2.83) (6.37) (007} (7.57)

* Steglhesd rainbow troul (Suhmo gairdrerD) and coast cutthreat trout {Salme darkd).
t Sculpin (Cottus spp.) and threespine stiekleback (Gasteroseus aculeatus),

WYY ANV HSLT VIRS0ATTYD



TABLE 6—Population Densities, Mean Fork Lengths, and Absolute Numbers of Salmonids in Godwood Creek, Humboldt County *

Steelhead rainbow and coast cutthroat trout
Young of the year Yearling and clder Coho salinon
.I
No. /m? Mean fork No. /m? Mean fork No. fmt Mean ferk
Burvey date (kg /ba) length, mom Number (kz/ha) length, mn Number (kz/ha) lengih, mm Nizgber

July 1967 L eeeaeaaas 0.14 41 {40-42) 455 0,04 BT (B0-104) 121 0.37 55 (54-508) 1,186

(1.40) (374536 {4.32) (72-170) {10.98) | (1.051-1,3213
July 1968 . ceeemnn 0.11 45 (4446) 325 0.03 102 (97-107) 85 0.51 a6l

(1.17) {274-378) (3.74) (85-111) (7.56) 68 (35-57) (022-008)
July TRBO s .07 54 (53-35) 248 0.02 105(101-108) 88 0.10 64 {53-03) 332

(1.34) (198-299) (3.73) (B4-111) {3.41) (338-366)

|

* 0597 eonfidence intervals In pacentheses uoless Indicated otherwise.

TABLE 7—Population Densities, Mean Fork Lengths, and Absolute Numbers of Steelhead Rainhow Trout

in South Fork Yager Creek, Humboldt Counly *

Burvey data

Young-of-the-year

Yearling and older

Aug. 1967

Aug. 1968

Aug. 1969

MNo./m? (kg/ha)

Mean fork length, mm

Number

No./m? (kg/lia) Mepn fork length, | Number |
.60 44 (45-48) 1.641
{10.22) (1,470-1,812)
0.%92 54 (53-56) 1,973
(18.35) (1,695-2,251)
L. 86 47 (46-48) 2,385
(11,14} | (2,244-2,520)

11
.01}

0.13
3.77T)

.10

a7

07

116

(111-124)

(H0-119)

(112-1193

290
{153 -405)

254
(208-360)

289
(268-310)

* 957, confidence intervals in parenibeaes unless indicated otherwise,
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Predation by oligochaete worms may have contributed to low survival,
sinee Briggs (1953) found that the average mortality in Godwood
Creek was about 56% and sometimes as high as 100% in salmon redds
infested with oligochaetes. Oligochaetes were abundant in the benthos
sumples taken in July 1967; however, benthos was not examined in
1968 and 1969, when eoho populations were lowest. Briges also indi-
cated that the spawning runs in Godwood Creek were usually small,
with only about seven redds resulting from eoho spawning in 3.2 km of
stream. This experiment shows that artificially seeding streams with
fry eould bring them up to earrying capacity.

Yearling-and-older steelhead in South Fork Yager Creek were simi-
lar in population density and average length in all years (Table 7).
Age - steelhead, on the other hand, attained the greatest average
length in 1968, when population density for this age group was great-
est. In 1967 and 1969, densities were less and mean lengths were
shorter, indicating that either carrying eapacity changed or that the
stream was not at carrying capaecity in these 2 years.

Execept for the seasonal inerease that usually aceompanies a decrease
in surface area, the density of salmonids in North Fork Caspar Creck
was similar in 1967 and 1968 (Table 8). In 1969, however, the density
inereased 22% over the 1967-68 average, Coho were seavee in 196768
and then beeame abundant in 1969, Apparvently interspecific competi-
tion was less influential than intraspecific competition in determining
this stream’s carrying capacity. These observations support the con-
tentions of Nilsson (1956), Harvtman (1965), and Fraser (1969) that
two or more species use the habitat more efficiently than does one
species alone. The similarity of biomasses in 1967 and 1968 suggests
that the stream was at or near carrying capacity for the existing
species combination. The change in speeies ratio apparently inecreased
the carrying capacity in 1969, Territorially in stream salmonids is
food-linked ; when Iood is abundant, ageression deereases and territories
become smaller (Chapman, 1966). A higher population density eould
therefore result from an inereased food supply. An increase in food
did not oceur in North Fork Caspar Creel, since the biomass ol benthos
was similar in all years of study (James W, Burns and Gary 1, Smith,
MS).

Young-of-the-year salmonids in North Ifork Caspar Creek in June
were largest when stock densities were lowest, sugeesting a density
dependent relationship (Table 8). Growth inerements for salmonids in
North Fork Caspar Creek from June to October, however, did not
show any trend and therefore did not support a hypothesis of density
dependent growth, Over-summer mortality did not indieate density de-
pendence either. Decreasing availability of living space caused the
greatest mortality, with total mortality highest in the summer of low-
est streamflow. Mortality of Age 4 steelhead from June to October
averaged 73% (range 71 to 809 ). Mortality of Age I or older steel-
head averaged 44% (range 6 to 66% ). For Age - coho, average mor-
tality was 58% (range 46 to 61%).

North Fork Caspar Creek was relatively unproductive. Besides sup-
porting a low biomass per surface area of salmonids, it had low sum-
mer production (Table 9). Produetion of salmonids from June to
October ranged from 0.29 to 0.38 g/m?/month. This was considerably



TABLE 8—Fopula

tion Densities, Meon Fork Lengths, and Abso

Sleelhead rainbow wrout

Survey date
June 1967 . ._.__
Qat. 28967
June 1968 .. _____
Oet. 1985 oo

June 1969 ___________

Oct, 1960 . .__

Young-of-the-year

Yearling and older

Coho salinon

No./m?
{kg/ha)y

0.52
(10,35

1.61
(0.68)

0.51
(8.68)

0,81
(5.67)

0,47
(6.98)

Mean fork No. /ms Mean fork

leggth, mum Nutnber (kg/ha} length, mm

39 (350 6 ha3 0.02 77 (TA-20)
{6.370-6,748) (1.30)

b4 (52-H5) 2,013 0.02 123 (R4--163)
{1,807-2,133) [4.29)

3% (37-30) 5.801 002 86 (80-93)
(5.723-5.879) (1.94)

a1 (30-52} 1.172 .03 1T (102-124)
{1,107-1,2327) (5,97

40 (39-41) 4,005 .04 92 (56-07)
(3,806-4, 1143 (4.14)

52 (51-53) 1,151 | 0.03 108 {100-1157]
(1,101-1,201) 1 (4.34)

| |

Nurmber

93
(3-196}

69
{19-119)

52
(41-113)

77
(5+-100)

211
{158-264)
71
(46-961

lute Numbers of Salmonids in North Casper Creek, Mendocine County *

Mo, fm? Mean fork |
(kg/ha) length, mm \ Number
— 1=

0.07 | 54 (54-60y 313
(1.76) [261-365)
0.03 Tl {80-73) 122
{1.47) (110-134)
0.1 47 (46-48) 3a9
(1.26) (335-381)
Q.08 062 {47-37) 194
(1.94) {185-203)
0.55 | 45 (44-46) 2.724
(6.11) [2675-27971)
0.45 53 (52-54) | 1,145
(8.08) {1,073-1.127)

* 937, coufidence intervals in parentheses mnless indicated otherwizse
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TABLE 9—Production of Solmonids in North Fork Caspar Creek, Mendocine County, California

Steelhead rainbow trout

Cotig salmon

Young of the vear Yearling and older Young of the vear Tetal
Ferind w/mi/month ‘ g/month g/m?/month o/month efmt fmonth ‘ z/month z/m?/month g/month
June to Oet. 10687 _________________ 0.2627 1.140.0 0.0860 3751 0.0270 ‘ 117.0 0,375V 1,630.1
June to Qct. 1968 ... ____ 0.2616 TI0.6 0.0662 194.9 G.0262 77.4Q 0.3510 1042.5
June to Oet. 1989 .. . ... 0. 1358 503.2 0.0543 ‘ 201.4 357 .0 0. 2867 1.062.5

0.0966 ‘
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lower than the coho production of 0.56 g/m?*/month reported for the
same season for Oregon’s salmonid streams (Chapman, 1965).

Relationships of Physical-Chemical Factors to Carrying Capacities

The relationship of water chemistry and morphoedaphic character-
isties of lakes to fish production and standing crop have been investi-
gated by Moyle (1946, 1956), Hayes and Anthony (1964), and Ryder
(1965) ; however, little is known of the relationships of these factors
to the ecarrying capacity of streams. A positive correlation hefween
brown trout (8. fruffa) biomass and conductivity in six Pennsylvania
streams was reported by MeFadden and Cooper (1962) ; however, this
relationship was not statistically significant. LeCren (1969) found no
apparent correlation between brown trout and Atlantie salmon (S.
salar) produetion and ealeinm content of Knglish streams. T failed fo
find any significant eorrelations between relative biomass and either
total dissolved solids, total phosphate, or total alkalinity (Table 10,
In addition, biomass was not significantly correlated with the volume
of fine sediments in the streambed.

CONCLUSIONS

Biomass per unit of surface area was an acceptable method of ex-
pressing earrying capacity in small coastal streams. This expression did
not always reflect frends in the absolute biomass, however. Il lower
surface area accompanied lower biomass, the kilograms per hectare of
salmonids conld remain the same or even increase, leading to erroneous
conclusions about changes in fish populations, For this reason, it is nee-
essary to include an absolute value when making such eomparisons.
The absolute value could be the number of fish in cach age class for
each species. The ftwo values compliment eaeh other; one considers
changes in living space, while both refleet changes in fish abundanee,

The hypotheses that streams reach carrying capacity in the summer,
and that biomass per unit of living space is constant from 1 year fo the
next, must be rejected. Beeause of natural variation, comparing bio-
mass from 1 summer month or year to the next was adequate for indi-
cating gross changes only. In Godwood Creek the maximum change in
relative biomass from the first to the third year was 499 and in North
Fork Caspar Creek, the change from June to October of the same year

TABLE 10—Sal id Bi sand 5 Physical and Chemical
Parameters of fix Streams
Fercentage
mean volume
of sediments
Salmonid Total Total Tatal amaller than
biomass, dissolved alkalinity, phosphate, 0.8 mm
Btream ke/ha solids, ppin® ppm® ppm® diametert
Pummer Lake Cr.__ . ____ 41,18 57 2n .80 10.2
Guodwood Cr - 16.67 80 a0 0.45 17.3
8. Fk, Yager Croooo oo oo . 43,00 109 ah 0.43 16.4
Little N. Fk. Noyo B ... 24.35 112 Al 0.36 20,0
N. Fk. Caspar Cr.__...__. s 12.64 124 57 0.34 18.4
8. Fk. Caspar Creesmoecocoazo- 37.95 149 (1] 0.43 20.0

* Value from Fredrie B. Kopperdahl, James W, Burns, and Gary E, Smith (M3),
t Vilues from Burns (19701,
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was as much as 25%. The 95% confidence limits of the mean kilograms
per heetare of salmonids in South ork Yager Creeck were 4=48% of
the mean, These results demonstrate that even with 3 years of prelog-
ging measurements it would be diffieult to attribute a ehange in earry-
ing capacity to anything but natural variation unless the change ex-
ceeded about 50%. These extremes in natural variation are probably
due fo variable spawning escapement and, in the case of juvenile steel-
head, to variable time spent in fresh water.

It does not appear that physical and chemical factors will prove to
be useful factors for predieting earrying eapacity, as only living space
variables correlated significantly with biomass.
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