PRODUCTION AND FOOD OF CUTTHROAT TROUT IN THREE

OREGON COASTAL STREAMS
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Abstract: Unfished populations of coastal cutthroat trout {Salmo clarki clarki) in three small
streams in Oregon were studied from April, 1962, until November, 1963. Population size, grow

th Tate

and production were estimated for study areas in each stream. The mean annual biomass of Cutthmai
trout for all streams was 4.2 grams per square meter (g/m®). Growth in length was greatest in Ay
and May and least in October and November. Production per year averaged 4.1 g/m® for the thres

streams, but production levels were about 20 percent higher in one of the three. Food samples fro,
trout stomachs taken during the peried of emergence and early growth of coho salmon (Oncorhynchy, =
kisutch) fry suggested that cutthroat trout were not important consumers of young coho. Aguatip 4. -
thropods were consistently an important part of the diet; earthworms decreased in importance angd tey,
restrial arthropods increased in importance during the period February—June.

This study was undertaken to obtain data
concerning. the population dynamics of the
coastal cutthroat trout in three small
streams. The field work was carried on
between April 15, 1962, and November 1,
1963. The specific objectives of the inves-
tigation were (1) to estimate the size
of trout populations, (2) to estimate growth
rates of trout, (3) to estimate the produc-
“tion of trout, and (4) to determine the food
habits of trout in the late winter and spring.

A study of the effect of logging practices
on the physical and biotic characteristics
of the three study watersheds is under way
(Chapman et al. 1961). An important use
of the information obtained in this study
will be to establish the pre-logging status of
cutthroat trout populations. It is planned
to conduct another study of the trout popu-
lations after logging is completed.

Although much has been written on the
cutthroat trout (Cope 1958), relatively
little is known about the coastal subspecies.
Studies on cutthroat trout in Oregon have
been made on movement and aging (Sum-
ner 1962), food habits (Dimick and Mote
1934), life history and distribution (Dimick
and Merryfield 1945), and spawning activ-
ities (Cramer 1940). The distribution, dis-

* Present address: U.S. Seil Conservation Ser-
vice, Ladysmith, Wisconsin.
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tinctive features, and life history of thig

trout in northern California are detailed by
DeWitt (1954).

Several very thorough studies of popula- :

tion dynamics of fish were used in some
respects as models for the present study,

The production of bluegill in a eutrophie .-

lake in Indiana was studied by Gerking
(1962). The dynamics of fish populations

are discussed by Ricker and Foerster (1948)

and Ricker (1958).
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DESCRIPTION OF AREA

The study was conducted on three coastal
streams located about § miles south of
Toledo, Oregon. Deer Creek, Flynn Creek,

and Needle Branch are part of the Drift |

Creek stream system, which drains int
Alsea Bay near Waldport, Oregon. The

Coasty] -

receives about 100 inches of rainfall
year, most of it from December to
March. Water temperatures during 1959
1960 varied from about 40 to 60 F, the
temperatures during January and the
during July (Chapman et al. 1961).
‘i, temperatures range annually from
jout 15 to 100 F. Both freezing weather
light snowfall occurred over short
seriods during the 196263 winter.
The topography is typical of the Coast

| Jange, with steep-sided canyons and a

dense cover of vegetation. The overstory is

f": primarily merchantable Douglas fir (Pseu-

tsuge menziesii) and red alder (Alnus

f}-_ﬁn wbra), the latter most abundant near the
- streams.

./The watersheds for Deer Creek, Flynn
Creek, and Needle Branch are 759, 563, and
211‘ acres in area respectively, Stream-flow
weirs, water temperature recorders, and
nin gauges had been installed on the three
steams. The mean discharges in cubic feet
per second (cfs) were 6.48, 446, and 1.49
for; Deer Creek, Flynn Creek, and Needle
Branch respectively for the period from
Septermber, 1958, to October, 1962 ( United
States. Geological Survey records, unpub-
lished). The peak discharges in cfs were
114,78, and 33 and minimum discharges
were .3, .1, and near zero.

That portion of each stream used for
population estimates was designated as the
study area {Table 1) and extended up-
stream from the fish traps. Markers erected

2t 100-ft intervals for past studies were

wed to delineate the study area even
though some changes in streambed had
altered the distances slightly. Tributaries in

Deer Creek were designated by the dis- -

tance above the stream-gauging weir and
the direction of entry. A more complete
description of the study area is available
i Chapman et al. (1961), Chapman (1962),
and Chapman (1965), E
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Tabie 1. Physical dimensions of the three study areas in.
summer {adapted from Chapman 1941).

NEEDLE
Brawce

Duzr Frynw
CREEK CREEK
Total length (m) 2,324 1,433 966
Mean width (m) 1.80 1.74 1.10
Mean depth {cm) 11 13 7
Total surface
area* {m?) . 4,192 2,480 1,060

Pool area {m®) 2,599 1,512 684
Riffle area {m?) 1,593 968 376
Percentage pool 62.0 61.0 64.5

* Winter (high water) surface area about double {Chap-
man et al, 1961).

Fishes present included coastal cutthroat
trout, coho salmon, steelhead trout (Salmo
gairdneri}, and the reticulate sculpin ( Cot-
tus perplexus). No angling was allowed in
the three study streams,

METHODS
Population Estimates

Seven estimates of the size of trout popu-
lations were made in each of the three
study streams between July 1, 1962, and
June 30, 1963 (hereafter referred to as the
production yeur). An additional estimate
was made in September, 1963, in Deer Creek
as a check on the procedure of estimation.
In June, 1963, estimates were made of the
population size of young-of-the-year trout
in several Deer Creek tributaries,

An electric shocker was used to capture
trout for marking and recapture. The
shocker was of the backpack type with
pulsating direct current rated at 440 volts
and 80 milliamps (Lowry 1964). Recoveries
of marked trout were also made at the fish
traps from February to June, 1963,

A “point census” mark and recapture
scheme of sampling was used (Ricker 1958:

82). Trout were marked at the first sam-

pling date, marked and recovered at inter-
vening dates, and recovered only at the last
sampling date. Individual fish were marked
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no more than once. Fish were marked by
the removal of selected fins and by num-
bered plastic tags placed sr.ibcutaneously
(Butler 1957). Excessive tag loss made the
plastic tags unsuitable for population esti-
mates.

In a study of tag loss among hatchery
cutthroat trout at the Alsea Fish Hatchery,
rates of tag loss varied directly with time
and inversely with fish size, reaching 64
percent among 125-mm trout after 95 days,

Estimates of the trout populations were

calculated by use of the expression given by
Ricker (1958:84):

G MEC+1)
R+1 °

where

N = estimate of population size,

M = number of fish marked,

C = number of fish examined for marks,
and

R =number of marked fish recaptured.

Binomial graphs (Adams 1951:14) were
used to attach 95 percent confidence lmits
to the point estimates where recovery ratios
(R/C) exceeded 0.10, and Poisson tables
(Chapman 1948:76) were used with re-
covery ratios less than 0.10,

The principal difficulties encountered in
obtaining reliable estimates of population
size were size selectivity of the electric
shocker, growth of trout during the period
that marks were recovered, and recruitment
from small tributaries.

The effect of the size selectivity of the
electric shocker was minimized by making
separate estimates for ecach age group
(Ricker 1958:97). The 1959 vear class and all
older trout were combined into one category
called 1959+ for all analyses. In some cases,
estimates could not be made for 1962 and
1959+ year classes because of isufficient
sample sizes.
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The sample of marked and Ulmarkeq

fish at each recovery period was s
into age groups by length-frequen

subsequent sampling periods and Popul,
tion estimates were made by a

restricted the problem of recruitment tg

3
groups { Ricker 1958:86), &

Recruitment from small tributaries of the .

study areas occurred during the produe.

tion-year and an attempt was made to limit °
its effect on the population estimates, Rq. -
coveries of marked fish of the 1969 vear

class were accumulated only for the three

sampling dates following marking instead ..

of throughout the sampling period. Some

upward bias was still expected from that

procedure and estimates of age groups
showing much recruitment could not he

considered completely satisfactory. For-
tunately, most of the recruitment was i

among the youngest age group. Other solu.
tions to the growth and recruitment prob-

lems {Ricker 1958:87) probably would not
provide superior results in view of the sam- -

pling problems.

Trout passing downstream through the
fish traps were also examined for marks,
and these data were added to those ob-
tained with the electric shocker when cal-

culating the point estimates of population

size (except for the 1962 year class). The
ratios of marked trout to total catch from
trap-data were slightly lower on the aver--
age than the same ratios obtained by elec-
trofishing. This indicated that a portion of
the migrants came from sections of the
stream above the regular study area or that
the recovery ratios from electrofishing were
higher than the proportion of marked fish

in the population, or both. The latter pos-

sibility seemed most likely; thus the com-

©Parateg .
. CY analy. .
sis. Data on marked and unmarked fish fﬂ

the sample were accumulated for severa]

) ge groups,
This procedure solved the problem of growth

during the period of mark TECOVery apd |

pning of trap-data and electrofishing data
had the advantage - that their respective
piases probably tended to cancel each other.

Growth

Fork lengths were measured to the near-
ot millimeter on a portable measuring
poard. Trout were weighed on a triple
peam balance to the nearest gram during

July, August, and September of 1962 in

the study areas and during January, Feb-
mary, and March of 1963 at the fish traps.
A total of 519 weight measurements were
taken, of which 99 were at the traps.

I obtained estimates of growth by cal-
colating the mean length of a sample of
each age group at each sampling date. Age
groups of trout in the sample were separated
by a visual inspection of peaks and troughs
ina graph of length-frequency. Some over-
lap existed between nearly all age groups
and the separations must be regarded as
sightly arbitrary; thus no confidence limits
were attached to estimates of mean length.
Although such separations were somewhat
artificial, I felt that they yielded valid esti-
mates of mean length of age groups. The
frequent sampling dates and 5-mm grouping
intervals allowed a high level of continuity
and discrimination in observing the relative
position. of the central group of trout in an
age group on the length-frequency graphs.

Additional persuasive evidence of validity
of the age groupings was provided by an
analysis of scales of downstream migrants
captured in the fish traps at the lower ends
of the study sections {Lowry 1965). The
mean lengths of fish of each age group de-
termined by the scale analyses were. very

similar to those resulting from length-fre- -

quency analyses reported in this study. A
bart of the overlap in size range shown by
the scale analyses was an artifact of com-
bining  samples taken over a 4-month

Period when growth was occurring, and of.
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using a larger size-interval for groupings.
Nonetheless, the comparison did crudely
substantiate the correctness of the length-
frequency determination. Scale samples
taken in the summer within the study area
also confirmed the length-frequency deter-
minations but were numerically inadequate
to use to separaté' year classes and were not
taken at most sampling times.

Estimates of mean lengths of each vear
class were undoubtedly biased upward from
the size selectivity of the electrofishing
gear. T assumed that the upward bias stayed
relatively constant as the. trout of an age
group grew larger. Relative change in mean
length between sampling dates was there-
fore assumed to be representative of the
average growth for the period. Growth
rates obtained this way may be either too
low or too high if a selective mortality for
faster or slower growing fish is operating
(Ricker 1958:187}. The additional assunp-
tion was made that emerging trout fry
averaged 25 mm in length (Sumner 1962:
82).

()3r0wth in length was converted to weight
units with weight prediction equations de-
veloped from length-weight data by means
of the following relationship (Rounsefell
and Everhart 1953:320):

logW =logc-nlogL,
where '
W = weight,
L =length, and
¢ and n = constants.

1 calculated instantaneous rates of growth
for each month by converting mean weights
to natural logarithms and employing the
formula (McFadden 1961:11):

g =log, W,-log, W,,
where
g = instantaneous rate of growth,
W; = weight at the end of time ¢, and
Wo = initial weight.
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I calculated daily instantaneous rates of
growth by dividing the monthly values by
the number of days in the month.

The growth of trout of the 1963 year
class in tributary 6200 West of Deer Creek
was estimated from shortly after emergence
until November 1 by estimates of mean
size of trout captured with the fish shocker.
In all calculations, emergence of fry was
assumed to occur on April 1, but it may
have occurred over a broad period before
and after that date.

Subcutaneously tagged trout were
checked for growth at later recaptures, but
as only small samples were available be-
cause of excessive tag loss, the results were
inconclusive.

Toble 2. Estimates of cutthroat trout population in Deer Creek, Flynn Creek, and Needle Branch, with

and upper confidence limits given in parentheses.
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Production

Production was calenlated as the
of the average biomass of each ag
and the instantaneous rate of growth f,
each month (Ricker 1958:32), Thi, com
puting method estimates “the tota] Quant
elaborated during a stated period of tim,
regardless of whether or not all of sur.
vives to the end of that time” { Ricker and’
Foerster 1948:175).

Average biomass was calculated g5 th
arithmetic mean of the estimated biomasse
at the beginning and end of each month
(Ricker 1958:209). The biomass at he
tirst of each month was caleulated g the
product of the population size and the megy -
weight of each age group (from curves - -

Prodyg
€ groy

B F

75 percent lower

YEar Crass

DarE
1963 1962 1961 1960 1959+
Deer Creek

Tuly 1, 1962 271 (211-346) 200 (169-245) 39 (30-52)
Aug, 7, 1962 No estimate 363 (2004473 250 (194-350) 62 {36-125)
Sept. 12, 1962 147 {37-260) 483 (350-630) 334 (222-571) &7 {33-200)
Nov. 8, 1962 428 (65-2,490) 683 (341-1,195) 164 (110-288) No estimate
Feb. 10, 1963

348 (94--1,010)
316 (71-1,180)
380 (304-475)
300 (225-428)

April 20, 1963
June 12, 1963

182 (27-984)
Sept. 3, 1963

404 (303-571)

Tuly 10, 1962

Aug. 9, 1962 No estimate
Sept. 11, 1962 100 (22-374)
Nov. 3, 1962 444 (69-2,555)
Jan. 25, 1963 212 (71-570)

April 13, 1963

492 (230-925)
June 11, 1983

57 (7-1,050) 335 (220 645)

Tuly 13, 1962

18 (6-200) 107 (73-160) 64 (49-61) 17 (11-29)
Aug. &, 1962 No estimate 93 (64-140) 43 (29-7T1) 235 (4-141)
Sept. 10, 1962 No estimate 108 {72-186) 40 {24-73) 11 (2-62)

Oct. 27, 1962 125 {18-685) 92 (40-178) 35 (7-128) 9 (3-100)
Jan. 18, 19563 111 (24-407) 92 (38-187) 25 (14-60) No estimate
April 6, 1863 333 (118-765) No estimate No estimate No estimate
June 10, 1963 63 (36-173) 250 (171-4086) 34 (18-150) 11 (7-35) No estimate

281 (149-472) 149 (58-323)  No estimate

428 (94-1,570) 73 (23-185) 8 (2-50)
124 {100-178) 60 (41-100) 12 (6-57)
83 {58-131) 34 (19-87) No estimate
Flynn Creek
384 (300-493) 108 (87-153) 43 (33-67)
323 (247-4205 157 (114-220) 67 (32-160)
4315 (346-519) 154 (95-230) 59 (30-200)

No estimate
No estimate
No estimate -
No estimate

322 (196-594)
293 (170-464)
226 (95-415)
121 (54-766)

136 (75-300)
42 (11-121)
37 (5-204)
21 {10-88)

Needle Branch

qwn to the seven estimates ). Cor}ver-
ons of Jength to weight to natural logarithm
':f weight were made with a computer.
food

At each 2-week interval from February 9
fo June 12, 1963, about 20 trout were col-
lected by electrofishing in Deer Creek, and
, sample of stomach contents was taken
from each trout with alligator ear forceps
(Wales 1962). This interval was selected
ioinclude the period of coho fry emergence.
Typically, such sampling was started‘ at
sbout 2,000 ft upstream from the gauging
weir and continued upstream until about
o) samples were obtained. The samples
o stomach content were preserved in 95
percent ethyl aleohol.

In the Iaboratory, the food samples were
separated into. component groups of orga-
nisms and the unidentifiable material in the
remaining liquid was filtered so that no
food particles were lost. The samples were
#hen air-dried to remove alcohol, placed in
gelatin capsules and oven-dried for 24 hours
st 90 C, and kept in a desiccator until
weighed. Final tabulations were made on
the basis of percentage occurrence by dry
weight.

RESULTS
Population Size

The relative population size of the same,
age groups in all three streams varied in a
nearly parallel fashion during the course of
study (Table 2). Estimates of population
size each month for production calculations
were obtained from graphs of population
size similar to Fig. 1. Increases in popula-
tion size of certain age groups were ap-
parently the result of immigration of fish
from the small tributaries to the area under
study., The extremes of the estimates of
total population size for the three streams
were:
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Fig. 1. Population size of irout in Flynn Creek by year

class.

Highest population
Deer Creek—I1300 (November, 1962)
Flynn Creek—950 (November, 1962)
Needle Branch—414 (April, 1963)
Lowest population
Deer Creek—500 (July, 1962)
Flynn Creck—600 (August, 1962)
Needle Branch—205 (July, 1962)
Electrofishing in tributaries of the study
area in Deer Creek disclosed that young-of-
the-year trout were present in several of
the tributaries, but that population densities
differed greatly from one tributary to an-
other. An estimated 245 {95 percent confi-
dence limits of 124 and 750) trout of the
1963 year class were present in a 100-m
section of tributary 6200 West on June 12,
1963. On June 27, 1963, an estimate of 173

.
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Fig. 2. Growth in length of each year class of trout in
Deer Creek.
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Fig. 3. Growth in length of each year class of trout in
Flyrnn Creek.

i

(95 percent confidence limits of 82 and 400)
young-of-the-year trout was obtained for
sections of four small tributaries with a
combined total length of about 400 m ( trib-
utaries 1500 East, 2300 West, 3500 West,
and 6400 East). Three other tributaries had
no trout present.

Tributary 6200 West was the largest of
‘the tributaries listed and appeared to have
the most dependable summer flow as well
as large areas of small gravel. The mean
discharge of this tributary was estimated as
0.65 cfs (peak discharge of 87 eofs and
minimum discharge of near zero) for the
period of September, 1958, to October,
1962. This was based on a multiplication of

o e
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Fig. 4. Growth in length of each year class of trout in
Needle Branch.
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Fig. 5. Growth in length of trout in a Deer Creek tj

. bul
during the first 7 months of life. s

the ratio of the area of the tributary water-
shed to the area of the total Deer Creek
watershed by the discharge at the Deer
Creek gauging weir.

Growth

The data suggested a continuous growthin
length throughout the study period for

Table 3. Preduction of cutthroat trout {ail age groups
combined) for the study areas of the three streams.

PropucTiON (g/m3)

MonTix

Deer Flynn Needle

Creck Creek Branch
July, 1962 0.24 0.61 045
August 0.27 0.46 0.22
September 0.35 0.25 0.05
October .35 0.18 0.07
November 0.25 0.24 0.03
December 0.29 0.30 0.09
January, 1963 0.23 0.39 0.15
February 0.20 0.33 .38
March 0.19 0.42 0.78
April 0.50 0.62 0.60
May 0.63 0.66 0.39
June 0.49 0.46 0.27

Total for year
{ g/m?) 4.0 4.9 3.5

AGE IN YEARS
2

® oo

Fy

o
o
S

|
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Ny Y
; \,\ T, J—
b ool “'-ur - _.-"\: LT
tor oat Agr ocl Rer oo ane oct Apr
MIDPOINT OF MONTH

RO TH

o w!

THBTANTANTOUS  ARIE OF

ooy
&

fig. 6 Instantaneous rate of growth of o composite year
doss of trout [date from all three streams combined and
smoothed for months].

ome age groups of trout in all streams
{Figs. 2, 3, and 4). However, the limited
mmount of data during November, Decem-
ber, and January prevented a conclusion
that this actually did occur. Negative
growth in length for the 1959+ year class
was suggested on all three streams during
November and December. This was thought
to' be the result of the selective emigration
of larger members of this age group to
spawning areas in the small tributaries out-
siide of the study sections. The seasonal
pattern of trout growth and the mean size
of age groups during the production year
were similar in the three study areas.
Growth in length of young-of-the-year trout
in tributary 6200 West of Deer Creek was
similar to growth within the regular study
areas during the period of observation (Fig.
5).
Using 519 observations of length and
weight (420 from within the study section
in summer and 99 at the traps in winter),
analysis of variance (Williams 1959) in-
dicated that at the 0.01 level, no significant
differences existed in the length-weight
relationships of trout between streams within
seasons. Significant differences were pres-
ent, however, between seasons within
streams.

- Separate weight-prediction equations de-

Probucrion anNp Foop or CurraroaT TrouT - Lowry 761

veloped for trout in summer and winter
were:

Summer—Ilogye weight (g) = —4.85840 +

2.94833 [logyy length (mm)]

Winter—logi, weight (g) =-4.63032 +

9.82703 [logie length (mm)]
The prediction equation for summer weight
was used for all calculations of production
because I did not know whether the differ-
ence in winter was due to seasonal loss of
condition or was associated with seaward
migration.

Assuming that the growth of each age
group during the year of study was repre-
sentative of growth during other years, 1
constructed a composite graph of daily in-
stantaneous rates of growth for the trout in
all three streams combined (Fig. 6). This
graph was constructed by drawing smooth
curves to the estimates of mean size and
interpolating growth rates for each month.
Growth rates were highest near early April
and lowest near early December for all
streams. Cantion should be used in the
interpretation of the graph since seasonal
loss of weight was not taken into account
(that is, the summer weight-prediction
equation was used in all calculations of
monthly instantaneous rates of growth). As
a result, growth rates for winter periods
were probably underestimated. The growth
rates probably fell to zero the first winter
and below in succeeding winters.

Production

Total annual production was estimated as
16.7, 12.2, and 3.69 kg, or 4.0, 4.9, and 3.5
g/m? in the study areas of Deer Creek,
Flynn Creek, and Needle Branch respec-
tively. Production per month was lowest in-
late fall in Flynn Creek and Needle Branch,
but lowest in Maxch for Deer Creek ( Table
3). The difference for Deer Creck was a
mathematical result of the estimated heavy
recruitment of trout from the tributaries
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Fig. 7. Monthly groduction in Flynn Creek by year class
. from July, 1962, through June, 1963,

during August, September, and October
and the estimated low growth rates until
the populations reached lower levels in
April. Some of the variation may have been
the result of sampling errors in the basic
statistics used to-calculate production. The
mean annual biomass of trout in g/m? was
4.6, 4.8, and 3.3 for Deer Creek, Flynn
Creek, and Needle Brarich, respectively.
Production in the Flynn Creek study area
decreased until October and then increased
to the seasonal peak in April and May (Fig.
7). A minor trough in the production curve
occurred in January and February., This
may have been the result of little growth by
the 1961 year class and decreases in the
population size of the 1959+ year class.
Little production was achieved in the study
area by trout of the 1963 year class because

\?3

they were present in such low
Flynn Creek was selected for this
since it seemed most representatiy
changes occurring in all three streamg gy
also because data for Flynn Cregl We
used for the example of obtaining mopg,
population data.

The mathematical result of Producti,
calculations for the 1959+ group was pe
tive for some months. While negative valys
of production are possible (that is, trout ma
utilize their own tissue to meet maintenang
requirements ), the negative Produetig;
values I obtained were probably a copge
quence of the method of estimating rate
of growth. Therefore, zero was used ag

TNmbeg
examp
& of

best estimate of production dwing thoge’

months.

Food

Aquatic arthropods were the most i -
portant food of trout from mid-F ebruary to
mid-June (Table 4). Earthworms dimiy.

ished in importance and terrestrial arthro
pods increased in importance during thi

period. In a further classification of the -
food samples, Diptera, Trichoptera, and
Plecoptera were the three most important

insect orders.
Juvenile salmonids were found in stom

achs of trout. The importance of juvenile -

salmonids and other large food animals

may have been exaggerated because their
cstimated utilization was based on only a- -

few occurrences. During the time coho fry
were emerging, as well as later, we cap-
tured large (150-250 mm) trout near and
even right among these fry. Even when the
belly of a trout was distended with food,

we rarely found juvenile salmonids in the -

stomach. However, in the unnatural situa-

tion in the downstream trap, 92 percent by

weight of the stomach contents of 12 cut
throat trout consisted of coho fry. A total
of 18 coho fry were removed from one
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perceniuge occurrence by dry weight of food items removed from the stomachs of trout from Deer Creek in. 1943
e 4.

— . SAMPL]Né DaTES SA?&II;II:ES
Foop MaTERIAL 9 Feh 23 Feb 9 Mar 28 Mar 6 Apr 20 Apr 4 May 18 May 1Jun 12 Jun Commivmp
ic arthropods ' 73 141 196
Aguatic & i 0 348 44 311 699 100 244 1T : :
(escopt crayfish) 114440 34 588 - - .- - - - ig'g
e worms 204 425 3786 - 289 03 43% ~ 5. o 58
arthy ; - - - 31 - - 8 - 1 - .
avenile sa}lrsnomds - 09 " 951 90 - 173 - 583 7.6

e Ts ws a4 s 17 103 BB o4 55 18 in
Sculpins 11 . 7 165 88 64 5. . .

: l;ﬂjde.n]iihable material 1&8 12.3 ?-4 %-5 127 > > 196 469  — 6.6
fmestriel axthropods 02 wace 10 03 43 44 16 322 20 199 37
Sa]mﬂﬂid eggs 56.2_ 2.3 - - : : : : B _ 23
Salamanders S S I 0.3
Sculpin €ges - - - :

T°E;11;)am plo welght 0 428 1,005 2,673 793 303 1,321 28] 1,226 759 9477
smber of fish i 7 20 20 21 18 19 2 6 19 2 171
foan S fish i

Mi?f; :a]z;p?i {ilml;l 147 148 157 152 1290 146 146 136 164 156 149

gorged 140-mm smolt in the Deer Creek
frap.
DISCUSSION

Good agreement was found among annual
biomass levels in the three streams (46, 48,

- md 33 kilograms per hectare (kg/ha} for

Deer Creek, Flynn Creek, and Needle
Branch, respectively). Deer and Flynn
Creeks had the higher biomass levels and
the greater mean depths. The pools in
Needle Branch were relatively shallow and
lacked the deeply undercut banks commeon
in Deer and Flynn Creeks. From observa-
tions made while electrofishing the three
streams, I concluded that the trout were
more dependent on cover and pools for
living space than were the juvenile coho.
The largest trout were nearly always found
in pools with greater than average depth
md deeply undercut banks. This suggests
that stream improvement consisting of the
aeation of deep pools and suitable cover
might increase the carrying capacity of
tomparable streams for larger trout.

The data of my study can be usefully
compared in some ways with two other
studies, despite some important environ-
mental differences. McFadden (1961:15)
reported biomass levels of brook trout in
Wisconsin that varied from 37 to 106 kg/ha
during a 4-year period. In New Zealand,
Allen (1951:166-167) estimated the mean
annual biomass of brown trout to be 265
kg/ha over a l-year period.

By combining my data on trout with
those of Chapman (1965:48) on coho, it
can be seen that about 78 kg/ha of salmonid
biomass were probably present in the three
streams during the study period. Some
steelhead trout were present in Deer Creek
and are not included in that figure. Cottids
and lampreys were also present. Viewed
from the standpoint of biomass levels of
cutthroat trout, the study streams appeared
to be “sparsely populated,” but from the
standpoint of “total salmonid biomass or
total fish biomass, this was not the case.

The rate of growth of successive year
classes of fish can probably be modified by
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differences in their biomass lovel { Ricker
1958:186) and both entities seem susceptible
to modification in response to changes in
the environment of the population (Allen
1951:214). Only minor differences were
evident in the growth of similar age groups
of trout in the three streams. Differences in
the maximal length reached by trout before
leaving the streams were obvious. Deer
Creek and Flynn Creek had “resident” trout
up to 275 mm in length, while no resident
trout in Needle Branch exceeded 295 mm.
The periodicity and rate of growth esti-
mated for trout in the three streams agree
well with that reported for brook trout in
Wisconsin { McFadden 1961:23). The sea-
sonal distribution of growth was nearly
identical despite the climatic differences
between the two regions. The growth rates
for brock trout were higher than those I
found for cutthroat trout during the grow-
ing season. Allen ( 1951:119) found growth
rates for brown trout in New Zealand that
- were higher than growth rates during the
first 9 months in my three study streams.
Thereafter, Allen’s data showed no seasonal
fluctuations, indicating growth at the same
rate in winter and summer.

In the study areas, immigration and emi-
gration caused differences in biomass levels
among age groups that would not be char
acteristic of a complete population. The
number of trout in a year class ordinarily
decreases after fry emergence, whereas im-
migration caused my populations to increase
in some cases. The estimate of production
generated from this trout population must
be interpreted with that in mind. Also,
since mortality and recruitment of trout
occurred simultaneously throughout much
of the study period, the magnitude of mor-
tality and recruitment rates could not be
assessed separately.

Production of trout per unit area was
greatest in Flynn Greek and next greatest in
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Deer Creek, Since biomass levels and grg,
rates of trout in the two streamsg y,
crudely similar, 1 thought that differey,
in the age distributions of trout cay
most of the differences in production, Th
Flynn Creek study area had a greater
portion of younger trout and their great
rate of growth caused more production fy,
given level of biomass. The age disty
tion of trout in Needle Branch wag simily
to that in Flynn Creek, so production g
ferences were primarily the divect regyl 9
differences in biomass.

The estimated 35-50 kg/ha productg
of trout in the three streams is much Towe

T
than the 544 kg/ha reported by Allen (1951,
174) for a fished population of brown troyt -
and lower than the 198 kg/ha I calculated _

from data reported by McFadden (1961

38) for a hypothetical unfished Population -
of brook trout. The latter two studies werg
concerned  with nonmigratory  salmonid E

stocks in temperate streams. Chapman
(1965:47) reported about 90 kg/ha of cohe

salmon production and some steelhead trout
production in Deer Creek over a 4-year '
period. The reticulate sculpin was present

in all three streams and also constituted

Table 5. A comparison of the preduction of composite
vear closses of tout expressed as percentage per growth
year for five different streams.

TotaL
Provuc-
GRrROWTH YEAR* TION OF
STREaN —_ . CoMPOS-
1 2 3 4 5 ITE YEAR
Crass
{g/m?)
Deer Creek 5.4 346 37.3 20, 4.0

719
Flynn Creek 4.5 38.3 389 166 1.7 49
2 1.7

Needle Branch 5.1 50.6 29.4 13.2 1. 35
Lawrence

Creekt 456 40.1 143 - - 198
Horokiwi

Stream 54.6 347 79 28 - 544

*June 1 to June 1 for Horokiwi Stream and December
1 to December 1 for the other four streams.

i Caleulated from biomass and instantaneous rates of

growth reported by McFadden {1961:38).
i Caleulated from the data of Alen (1951:174).

1 Needle Branch, a comparison was made on

R
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Table & Ratios of trout production to mean annual bio-

. nmeasured source of fish production.

i f salmonids in ™"
re, total production o _
Thereigd Flynn Creeks and Needle Branch Fsm PI—— :;;,
ez pout 130 kg/ha and total fish pro-  Custhroat trout Dleer Ccr:ezlgk 087
e lightly greater Cutthroat trout g yn(ﬁe ]gmnch 102
fon 574 . tthroat trout ee .
"o 'l'%ate resonable comparisons of my g;-lookr(goutr‘f Lawrence Creek 1.66
B oo . Horckiwi Stream 2.08

duction data with data from New Zea- Brown troutt
rOd and Wisconsin, I separated total pro-
Ea;lcﬁon inte production occwrring during
ach growth year (Table 53). A‘growth
o was defined as that part of the life of an
o oup between successive troughs of
?E: irve of instantaneous growth rate.
pata of the single production year for the
gveral year classes were assux?ned to hjt;e
representative of p:_fc-ductlon. during the life
of a typical year class for this purpose.

gince 85 to 90 percent of the total pro-
duction of both Horokiwi Stream a1.1d Law-
rence Creek occurred in growth periods one

* 11 year classes combined.
?gzlt:ulfg:ec? fifom hiomass an]tigﬁiixs;zzszx)taneous rates of
th reported by McFadden ( : .
gro.waFrompthe data of Allen (1951:165, 174).

and Lawrence Creek than in the study
streams {Table 6). This was partly so be-
cause most of the production (85 to 90 per-
cent) occurred during the first 2 years of
life in the former two situations and in my
data portions of this period were missed.
It also seems possible that the crudely
similar communities and species of tl‘Ol{t
d two, and since only about 50 percent might have had iherently different effi-
an o,

i i d
; i ciencies of production. Also, Da'v1's ar
o the %*odu(;ltion - m);n%:iie IS cfcl?:ggg Warren (1965:852) found that efficiencies
gecurred in the same p 3

a bstantial amount of pro- of production foxi sc:uflpinsti in lfallzl?ll;a’;;)izy

issed a substan ‘ Hlv a function. 6 g
B}:f;tiirin :‘)Sf young trout in the small tribu- i’:‘:;in;sf ;zg:iﬁj 4
tules above t}(;e study :ecut_ir(r)lgiliog 1&?&:(?}1; Production at any tgfhicﬁet\};el fi(s)ol(;n:;zzg
parison. depends on an ass _ by the flow of energy ough the veb,
fitribution N £ mortality tl-goughgll;t:ti()l;f: and information on food hab1-ts is espe%mally
s similar in the e ng im'shed. interesting in relation to estimates o pro(i
the value of ﬂ-le estnnajce.lsst H:m and duction. Terrestrial arthropods appeare
beganse trout in Homk[Wl- ;{: to be relatively unimportant Fo troEt dufrm;g1
Lawr(:ince Creek Wire ré(;fnr;;iz trg ' initial the February to ]u(xile r_][?}?rmdoo; (;1; euoiflg

Production can be . ined. e pool-

biomass and the resulting statistic has some hagltio‘::;zezzng tohavior of cutthroat
value as an index of the efficiency of pro- ?;:)ut may mean that they have fewer op-
duction. Since FUT igraﬁc;n a;: i;iﬁ;g;‘la;;:f portunities to obtain food from the surface
obscure the usefulness of an

than do juvenile coho.
ins in Doer Crock, Flynn Creek, and In the same study stream, Demory (1961)

) 1 having an aquatic origin
the basis of the mean annual biomass of all fﬁ:gj 1;511)19;6 f;:rient (bf Ity woighty of the
coho diet during a 1-year period. Diptera
comprised 24 percent, Ephemeroptera 1_4
percent, Coleoptera 10 percent, a%ld Tri-
choptera 6 percent of the coho diet. Al-

age groups. The result of these calculatiolns
may also be thought of as the annual in-
stantaneous rate of growth of all age groups
tombined. Much higher efficiencies were
. achieved by the trout in Horokiwi Stream
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though the same categories of food were
utilized by cutthroat trout less frequently,

. aquatic arthropods were still the most im-
portant food. Diptera was the most im-
portant order of insects and both Coleoptera
and Ephemeroptera were prominent in the
trout diet. Since trout and coho fed on the
same orders of insects, some competition for
food may have existed.

The array of food items I found in trout
stomachs is similar to that reported by
Dimick and Mote (1934) for cutthroat
trout from thronghout Oregon. They found
about 74 percent aquatic insects (numeri-
cally), 17 percent terrestrial insects, and 3
percent crustaceans in the stomachs of 326
cutthroat trout from various lakes and
streams in Oregon. They found 81 juvenile
coho, only two of which were from stomachs
of trout less than 255 mm in length.

The results of the food study suggest
that the cutthroat trout was not an impor-
tant consumer of coho in Deer Creek. How-
ever, there are several reasons why this
conclusion may be faulty. Systematic food
samples taken every 2 weeks may have
missed periods when trout ate fry. Sam-
pling was not concentrated near coho redds
at the time fry emerged. Consumption
might have been greatest there. Diel var-
iations In food utilization were not ex-
amined.
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AERIAL CENSUS OF MOOSE BY QUADRAT SAMPLING UNITS

CH.ARLES D. EVANS, Branch of River Basin Studies, U. S. Bureav of Commercial Fisheries, Anchorage, Alaska
WALARD A. TROYER, Branch of Wildlife Refuges, U, 8. Bureau of Spert Fisheries and Wildlife, Kenai, Alaska
CALYIN ). LENSINK, Branch of Wildlife Refuges, U. S. Burecu of Sport Fisheries and Wildlife, Bethel, Alaska

Abstract: A quadrat sampling method for conducting aerial census of moose (Alces americana? that is
adapted to extensive units of habitat was developed and applied in two areas of Alaska. This report
describes briefly the steps that were used in developing and applymg the quadrat method. Th_.e areas
were stratified into units of high, medium, and Jow moose density based on current observations. A
ample of quadrats 1 square mile in area was drawn from each unit and a fietaﬂed census from the air
wis made on each. sample quadrat. Both applications of this methqd provided usable data_ at reason-
able cost. Results of these censuses were compared with results obtained by other methods in the same
lcalities. With the guadrat method as a standard, results indicated that about halfl the amfnals were
seen in an atlempt at total area census and about one-fourth were seen when a continuous linear strip .

pansect 32 mile in width was covered.

Techniques for taking wildlife censuses
by aerial survey have included attempts to
aifain complete coverage by spotting all
game in a unit of habitat (Buechner et al.
1951, Grzimek and Grzimek 1960) as well
a5 various methods of sampling, usually
hased on linear strip tramsects. Sampling
methods often were designed so that sam-
pling errors could be evaluated. Watson
and Scott (1956) and Bergerud (1963)
described the use of such methods for esti-
mating numbers of caribou ( Rangifer taran-
dus), Crissey (1957) described similar
methods applied to the entire breeding
waterfow]l population of North America.
These methods all require that visibility
bias, or errors affecting the percentage of
the animals seen by observers, either be
ignored or be evaluated separately. C. J.
Lensink was able to evaluate visibility bias
with considerable accuracy in aerial counts

of breeding waterfowl (1962. Waterfowl
populations and production within the im-
poundment area of the proposed dam at
Rampart on the Yukon River, Alaska.
Unpubl. prog. rept., U. S. Bur. Sport Fish-
eries and Wildlife, Laurel, Maryland. 65
pp.). IHis air crew made repeated counts
on randomly distributed sample plots and
results from these runs were compared
later with careful ground counts in order to
derive correction factors that were applied
to the aerial data.

Siniff and Skoog (1964) applied a new
approach to aerial census of big game in a
count of caribou conducted on 22,000 square -
miles of the Nelchina area in Alaska. Their
method was based on sample plots 4 square
miles in area on which observers attempted
to count all animals. This method has
several advantages: the small sample plots
reduced error resulting from observers’ in-



