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Upstream migrations of trout occurred from late October

until March, with a maximum in December. Kelts returned down-

stream from December to April with the greatest numbers in

January and February. More than 90 percent of the downstream

movement of smolts occurred in February, March, April and May,

with numbers being consistently greatest in April. Two-year-old

smolts dominated the run in the two larger streams, while one-year-

old smolts did so in the smallest stream.

Small tributaries of the study areas were found to be very

important to cutthroat trout reproduction. Young trout were noted

to leave the tributaries at about one year of age. Trout 150 mm in

length that had never left the study streams were found in a gravid

condition near redd sites.

Food samples taken during the period of coho fry emergence

and early growth failed to show that cutthroat trout were important

consumers of young coho. Aquatic arthropods were consistently

an important part of the diet; earthworms decreased in importance;

and terrestrial arthropods increased in importance during the period

from February to June
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NET PRODUCTION, MOVEMENT, AND FOOD OF
CUTTHROAT TROUT (SALMO CLARKI CLARKI RICHARDSON)

IN THREE OREGON COASTAL STREAMS

INTRODUCTION

This study was undertaken to obtain data concerning the

population dynamics of the coastal cutthroat trout (Salmo clarki clarki

Richards on)1 in three small streams. The field work was carried on

between April 15, 1962 and November 1, 1963. The specific objec-

tives of the investigation were:

1. To estimate the size of trout populations.

2. To estimate growth rates for trout.

3. To estimate the net production of trout.

4. To determine the seasonal movement patterns of trout.

5. 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 underway (6,

p. 16). An important use of the information obtained in this study will

be to establish the pre-logging status of the trout populations for

post-logging comparisons.

Although much has been written on the cutthroat trout (8,

p. 417-435), relatively little is known about the coastal subspecies.

'"Trout" will refer to the coastal cutthroat trout unless
indicated.



Studies on cutthroat trout in Oregon have been made on movement

and aging (21, p. 77-83), food habits (13, p. 1-23), life history and

distribution (12, p. 1-58) and spawning activities (9, p. 335-339).

Detailed information on population dynamics is lacking. The distribu-

tion, distinctive features, and life history of this trout in ?'Torthern

California are detailed by DeWitt (11, p. 329-335).

Several very thorough studies of population dynamics of fish

have been made. The net production of bluegill in a eutrophic

Indiana lake was studied by Gerking (14, p. 3 1-78). The dynamics

of a population of brook trout were discussed by McFadden (17, p. 1-

71). The net production of coho salmon in the three study streams

was described by Chapman (5, p. 1-214). A classic study of the

net production of a salmonid population was done by Allen (2,

p. 1-231). The dynamics of fishpopulations are discussed by Ricker

and Foerster (19, p. 173-211) and Ricker (18, p. 1-300).
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DESCRIPTION OF AREA

This study was conducted on three coastal streams located

about nine miles south of Toledo, Oregon. Deer Creek, Flynn

Creek, and Needle Branch are part of the Drift Creek stream system,

which drains into Alsea Bay near Waldport, Oregon. The area

receives about 100 inches of rainfall per year, most of which occurs

in the December to March period. Air temperatures range annually
0 ofrom about 15 to 100 F. Both freezing weather and light snowfall

occurred over short periods during the 1962-63 winter.

The land is typical of the topography of the Coast Range, with

steep-sided canyons and a dense cover of vegetation. The overstory

is primarily merchantable Douglas-fir (Pseudotsuga menziesii Mirb.

and red alder (Alnus rubra Bong. ), the latter most abundant near the

streams.

The areas of the watersheds for Deer Creek, Flynn Creek,

and Needle Branch are 759, 563, and 217 acres respectively. 2

Stream flow weirs, water temperature recorders, and rain gauges

are installed on the three streams. The mean discharge in cubic feet

per second (cfs) was 6. 48, 4.46 and 1. 49 (maximum discharge in cfs

2Pe rs onal communication from James Krygie r, Department
of Forestry, Oregon State University, December, 1963.
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was 94, 59, and 24 and minimum discharge was .3, . 1, and near

zero) for Deer Creek, Flynn Creek, and Needle Branch respectively

for the period from September, 1958 to October, 1962.

Water temperature during 1959 and 1960 varied from about

40° F to 60° F with the low temperature during January and the

high during July (6, p. 20).

That portion of each stream used for population estimates was

designated as the "study area and extended upstream from fish

traps located a short distance below the gauging weirs (Table 1).

Markers erected at 100 foot intervals for past studies were used to

delineate the boundaries of the study area even though some changes

in streambed altered the distances slightly. The weir was the

starting point for the numbering system. Tributaries in Deer Creek

were designated by the distance above the weir and the direction of

entry. A more complete description of the study area is available in

Chapman (5, p. 6), Demory (10, p. 2), and Chapman et al. (6,

p. 1-52).

Fishes present include coastal cutthroat trout, coho salmon

(Oncorhynchus kisutch Walbaum), steelhead trout (Salmo gairdneri

Richardson), and the reticulate sculpin (Cottus perplexus Gilbert and

Evermann). No angling is allowed in the three study streams.

3Taken from United States Geological Survey records for the
three streams.
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Table 1. Physicaldimensions ofthe three studyareas in summer. 2

Deer Greek Flynn Greek Needle Branch

Total length (m) 2324 1433 966

Mean width (m) 1.80 1. 74 1. 10

Mean depth (cm) 11 13 7

Total surface area (m2) 4192 2480 1060

Pool area (m2) 2599 1512 684

Riffle area (m2) 1592 969 376

Percent pooi (%) 62.0 61. 0 64.5

'From 1959-61 data of Ghapman (5).

2Winter (high water) surface area about double (6, p. 18).



METH ODS

Population Estimates

Seven estimates of the size of trout populations were made in

each of the three study streams during the period between July 1,

1962 and July 1, 1963 (hereafter referred to as the ttproduction

yearto). 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 (15). 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 (18, p. 82). Fish were marked at the first sampling date,

marked and recovered at intervening dates, and recovered only at the

last sampling date. Fish were marked by the removal of selected

fins (Appendix C), and by the placement of a plastic subcutaneous tag
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identified with numbers (3, p. ZO1-ZlZ). Excessive tag loss4 made

the plastic tags unsuitable for population estimates, but valuable

information on movement was obtained with their use.

Estimates of the size of the trout populations were calculated

by use of the formula (18, p. 84):

A. M(C+l)N= R+1

Where

N = estimate of population size,

M = number of fish marked,

C = number of fish examined for marks,

R = number of marked fish recaptured.

Binomial graphs (1, p. 14) were used to attach 95 percent confidence

limits to the point estimates where recovery ratios (RIG) exceeded

10 and Poisson tables (7, p. 76) were used with recovery ratios

less than . 10.

Size selectivity of the electric shocker, growth of trout during

the period that marks were recovered, and recruitment from small

tributaries were the principal difficulties encountered in obtaining

reliable estimates of population size.

41n 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.
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The effect of the size selectivity of the electric shocker was

minimized by making separate estimates for each age group (18,

p. 97). Older yearclasses were combined into a Ill9 59+11 category

to obtain samples large enough for meaningful estimates. In some

cases, estimates could not be made for 1962 and 1959+ age groups

because of insufficient sample sizes.

The sample of fish at each recovery period was separated

into age groups and recovered marks were allocated to their original

age group by moving the boundary between yearclasses along with

growth during the production year (18, p. 86). This procedure

solved the problem of growth during the period of mark recovery and

restricted the problem of recruitment to age groups.

Recruitment from small tributaries of the study areas occurred

almost continuously, but at different rates during the production year.

Fortunately, most of the recruitment was among the youngest age

group. Recoveries of marked fish of the 1962 age group were accumu-

lated only for the three sampling dates with the shocker 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 cannot be considered completely

satisfactory. Other solutions to the growth and recruitment problems

are available (18, p. 86-88), but probably would not provide superior



results in view of the sampling problems.

Recovery data obtained at the fish traps during the principal

movement period were added to recoveries obtained with the electric

shocker before calculating the point estimates for age groups other

than 196Z. The recovery ratios from trap data were slightly lower

on the average than the recovery ratios obtained with the electric

shocker, indicating either that a portion of the smolts came from

sections of the stream above the regular study area or that sample

recovery ratios obtained with the fish shocker were higher than

those in the population or both. The latter possibility seemed most

likely, thus the combining of trap data and stream data had the

advantage that their respective biases probably tended to cancel

each other.

Since the validity of the population estimates determines the

usefulness of calculations subsequently made from them, an iteration

of the reasons why it was believed that recruitment did occur was

Compiled.

1. Reasonable back-extrapolations from the point estimates

made after the period of recruitment suggest that recruit-

ment would indeed have had to occur to allow for a minimal

mortality and known trap escapement.

Z. The catch-per-unit-effort of the electric shocker (the
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number of trout collected during one trip through the study

area) showed a pronounced increase at the same times

that point estimates later indicated recruitment. It did

not show an increase during the summer of 1963 when

both point estimates and traps operated on Deer Creek

showed no recruitment. The catch-per-unit-effort of the

electric shocker is also influenced by lowered water

levels, changes in conductivity, changes in water tempera-

tures, proficiency of the operator, etc.

3. Recruitment is not indicated in an equally pronounced

fashion on all three streams. If the recruitment were an

artifact of the sampling scheme, it would probably show

equally on all streams, as all procedures were the same.

I would expect less recruitment on Needle Branch as no

suitable tributaries enter the study area.

The other problems inherent in Petersen estimates (18,

p. 86) were also considered. It was assumed that marked fish suf-

fered no greater mortality than unmarked. All trout were observed

after handling until able to remain upright and swim away. I tagged

150 trout at the Alsea Fish Hatchery5 using the electric shocker as

5Located on the North Fork, Alsea River, and operated by
the Oregon State Game Commission.
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an anesthetizing agent and no delayed mortality was attributed to

handling within 90 days.

The assumption that marked fish mix randomly with the

population or that fishing effort is proportional to the population

size in different parts of the study section was probably not satisfied.

The total length of each study section was sampled at each sampling

date, eliminating the problem of selecting sections to sample. The

relative ease or difficulty of capturing trout within different areas

of one pooi (as in a brushy undercut versus a clear part) remained

nearly constant. If individual fish habitually remained near one point

in a pool, a greater probability of recapture of fish previously cap-.

tured would result, biasing estimates of population size downward

(2, p. 78). I felt that this may have occurred but that its effect was

unimportant.

Close supervision of all field work minimized the possibility

of marks not being recognized or reported. Some regeneration of

mutilated fins occurred, but recognition of marks was possible

throughout the sampling period. Fin mutilations most likely to

regenerate (bottom and top caudal) were used near the end of the

study. It is very unlikely that the marked fish were physically more

susceptible than unmarked to capture by the electric shocker.

To overcome the problem of having relatively large chance
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variations, experiments must be done with populations of fish as large

as practical (17, p. 13). Unfortunately, it is necessary to gather

information on sparse populations. In the present situation, I accu-

mulated recoveries of marked trout throughout the study period to

achieve a satisfactory sample size at the risk of contending with

biases that increase with time. Another way to achieve larger

sample sizes would have been to sample repeatedly at one point in

time.

Growth

I obtained estimates of growth by calculating the mean length

of each age group at each sampling date. Emerging trout fry were

assumed to average 25 mm in length (21, p. 82). The mean size of

each age group was probably biased upward because of selectivity

by the electric shocker, but the relative change in mean length from

one sampling date to the next should still be representative of growth.

Growth rates obtained this way may be either too low or too high if

natural mortality selects either faster or slower growing members of

a yearclass (18, p. 188-190).

I separated age groups by length-frequency analysis, grouping

trout into five mm intervals and assigning them to age groups by a

visual inspection of peaks and troughs (see Appendix A). Small
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sample size and overlap in age groups necessitated combining the

1959, 58, and 57 yearclasses into one age group again designated

1959+. Because some overlap existed between nearly all age groups,

no attempt was made to show confidence limits for the mean lengths.

The validity of the age groupings was verified by analysis of

scales of trout captured in the study sections during the summer of

1962 and of trout passing the fish traps. A binocular dissecting

microscope (2O-ôOx) was used to read scales collected on acetate

inserts (16, p. 165).

All length measurements used in this study were fork lengths

and were taken on a portable measuring board graduated in milli-

meters. Trout were weighed on a Welch triple beam balance to the

nearest gram during July, August, and September of 1962 in the

study areas and during January, February, and March at the fish

traps. A total of 519 weight measurements were taken, of which 99

were at the traps.

Growth in length was converted to weight units with weight

prediction equations developed from length-weight data according to

the relationship (20, p. 320):

log W = log c + n log L

Where W = weight,

L = length,

c and n = constants.
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I calculated instantaneous rates of growth for each month by

converting mean weights to natural logarithms and employing the

formula (17, p. 11):

g = logW - logW0

Where g = instantaneous rate of growth,

W = weight at the end of time t,

W0= initial weight.

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 yearclass in tributary 6200

West of Deer Creek was estimated from shortly after emergence

until November 1. Seven samples were obtained with the electric

shocker during this period and all of the' trout were believed to belong

to one age group. 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 such small samples were available because of high

rates of tag loss that the results were inconclusive.

Net Production

Net production was calculated as the product of the average
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biomass of each age group and the instantaneous rate of growth for
each month (18, p. 32). This computing method gives net production

as defined by Ivlev and Clarke, the total quantity elaborated during
a stated period of time, regardless of whether or not all of it sur-
vives to the end of that time1 (19, p. 175).

Average biomass was calculated as the arithmetic mean of
the biomass at the beginning and end of each month (18, p. 209).
The biomass at the first of each month was calculated as the product
of the population size of each age group (from smoothed curves
drawn to the seven point estimates) and the mean weight of each age
group. Conversions of length to weight to natural logarithm of weight

were made with an IBM 1620 computer.

The monthly net production estimates were combined into

annual production by age groups and total annual production by

streams. .1 also calculated total annual production per unit area
using information in Table 1.

Fish traps at the lower end of each study area were used to

enumerate downstream and upstream movement. Revolving screens
at Flynn Creek and Deer Creek diverted migrants into inclined-screen

downstream traps (4, p. 1049). eed1e Branch had only an
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inclined-screen downstream trap. All streams had simple UvT

entrance upstream traps. The traps in Deer Creek and Flynn

Creek were operated continuously, but the trap in Needle Branch was

not operated when upstream migrating adults were expected, because

of apparent adverse effects on adult behavior. Very little downstream

migration has occurred in previous years during such periods. The

revolving screens were known to pass some fish both up and down at

high flows, so a complete count of trout migrants was not obtained.

All trout were counted, checked for marks, measured, and

passed in the direction of movement. Scale samples were taken from

above the lateral line left of the dorsal fin from all upstream migrants

and from selected downstream migrants.

Trout moving downstream through the fish traps for the first

time were called t1smolts. tI A physiological change was not implied

by the term and the trout did not necessarily go to sea after leaving

the fish trap. Adult trout that had spawned and were returning down-

stream were called kelts.

Data collected at the fish traps were tabulated as total numbers

of smolts, kelts, and upstream migrants per month. A length-

frequency analysis, with 25 mm intervals, was made of the smolt mi-

gration from Deer Creek for four years. Upstream migrating trout

in Deer Creek and Flynn Creek for three seasons were analyzed
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similarly. Length-frequency analysis was also used to separate

smolts of the 1963 movement period into age groups (see Appendix A),

Movement of smolts in each month was considered to have been con-

centrated at the midpoint of the month for this purpose. Attempts

to apply such an analysis to trap data from earlier years were not

satisfactory, partly because of the lack of the continuity and context

furnished by a year-long series of length-frequency analyses.

Movement in the streams above the fish traps was evaluated

from recaptures of fish tagged with individually-numbered plastic

tags. Several sampling trips were made into the small tributaries

and further up the main stem of Deer Creek to detail the extent and

nature of seasonal movement patterns. In the summer of 1963,

small-mesh wire traps were installed at the upper end of the study

area and in the two principal tributaries of Deer Creek.

Food

Food samples were taken from trout in Deer Creek every two

weeks from February 9 to June IZ, 1963. This interval was selected

to cover the period of coho fry emergence. Typically, samples were

taken from trout starting at 1400 feet above the gauging weir and

continuing upstream until about 20 samples were obtained. All fish

were collected with the electric shocker.



Samples of the contents of the stomachs were removed with

an 'talligator" ear forceps (23, p. 171) with no apparent harm to the

trout. Fish were marked with a distinctive fin clip until it was

established that no excessive mortality was associated with the food

sampling procedure. Food samples were preserved in 95 percent

ethyl alcohol for later analysis.

The food samples were separated into component groups of

organisms and the unidentifiable material in the remaining liquid

was filtered so that none of the food material was lost. The samples

were then air-dried to remove the alcohol, placed in gelatin capsules

and oven-dried for 24 hours at 900 C, and kept in a desiccator until

weighed. Final tabulations were made on the basis of percentage

occurrence by dry weight.
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Population Size
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The population size of similar age groups of trout in all three

streams varied in a nearly parallel fashion during the production

year (Figures 1, 2, and 3). The three older age groups in Flynn

Creek and Needle Branch decreased in number throughout the

production year. The 1962 age group in all three streams increased

in number until early November, decreased in number until during

the spring movement period when recruitment from the small trib-

utaries occurred, and thereafter decreased in number again. In

Deer Creek, only the oldest age group showed no recruitment. The

1960 and 1961 age groups in Deer Creek increased in number

during the summer and fall. The 1963 age group increased steadily

in number in all three streams. The estimates of population size

and their 95 percent confidence limits, to which the smooth curves

were drawn, are listed in Appendix D.

The estimated numbers of trout of all age groups in the study

areas varied in Deer Creek from a low of about 500 in July, 1962,

to a high of about 1300 in November, 1962; in Flynn Creek from a

low of about 600 in August, 1962, to a high of about 950 in November,

1962; and in Needle Branch from a low of 205 in July, 1962, to a high
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of 414 in April of 1963 (Appendix E). The mean annual biomass of

trout in g/m2 (grams/meter2) was 4. 6, 4. 8, and 3. 3 for Deer

Creek, Flynn Creek, and Needle Branch respectively (from data of

Appendix G).

Population estimates 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 another. An estimated 245 (95 percent confidence

limits of 124-750) trout of the 1963 age group were present in a 100

meter long section of tributary 6200 West on June 12, 1963. On

June 27, 1963, a point estimate of 173 (95 percent confidence limits

of 82-400) young-of-the-year trout was obtained for sections of four

small tributaries with a combined total length of about 400 meters

(tributaries 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 0. 65 cfs (maximum discharge of 7. 2 cfs and minimum discharge

of near zero) for the period of September, 1958 to October 1962.

This was based on a multiplication of the ratio of the area of the

tributary watershed to the area of the total Deer Creek watershed by



the discharge at the Deer Creek gauging weir.

Growth

24

The growth data showed continuous growth in length through-

out the study period for some age groups in all streams (Figures 4,

5, and 6). However, the limited amount of data during November,

December, and January prevented a conclusion that this necessarily

occurred in the trout population. "Negative growth'1 in length for the

1959+ age group was shown 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 outside 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.

Scale analysis confirmed, in general, that separation of

trout into age groups by use of length-frequencies was valid. But

of 523 samples of trout scales, only about 60 percent were judged

suitable for analysis. Since the remaining scales may not have been

a random sample of trout scales in the population, I did not place

much confidence in the method. Widely spaced circuli having the

appearance of sea growth indicated that 275 mm was the average

dividing line between "searun" and "non-searun" trout passing the
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traps. But scales from trout as small as 225 mm were seen with

"sea growth" and trout as large as 350 mm were seen without "sea

growth.

Analysis of variance (24, p. 13 7-145) was used to test the

homogeneity of regression lines developed from the 519 observations

of length and weight, (420 from within the study section in summer

and 99 at the traps in winter). No significant differences existed

between streams within seasons, but significant differences were

present between seasons within streams (Appendix B).

Separate weight prediction equations developed for trout in

summer and for smolts in winter were:

Trout--log10weight (g) = -4. 85940 + 2.94833 [log10length (mm)]

Smolts--log10weight (g) = -4. 63032 + 2.82703 log10length (mm)]

The prediction equation for summer weight was used for all calcula-

tions of production because I did not know whether the difference in

winter was due to seasonal loss of condition or was associated with

seaward migration.

The seasonal periodicity of growth in weight is best illustrated

by a plot of the growth of one yearclass throughout life. Assuming

that the instantaneous rates of growth of each age group during the

study year were representative of growth during a normal year, I

constructed a composite graph of daily instantaneous rates of growth
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for the trout in all three streams combined. The low point for

growth during the first year of life occurred in December and for

the following years it occurred progressively earlier. Growth rates

were highest during April in all years (Figure 7). Caution should be

used in the interpretation of the graph since seasonal loss of weight

was not taken into account (1. e. , the summer weight prediction

equation was used in calculations of monthly instantaneous rates of

growth). If seasonal changes in condition were taken into account,

the growth rates might have fallen to zero the first winter and below

in succeeding winters. The negative rates of the fourth winter were

thought to be due to the selective emigration of larger members of

the 1959+ age group to the small tributaries.

Growth in length of young-of -the-year trout in tributary 6200

West was very similar to growth in the study areas (compare

Figure 4 and Figure 8). Growth in length continued throughout the

period of observation.

Net Production

Total annual net production in kilograms was estimated as

16. 7, 12. 2, and 3. 69 in the study areas of Deer Creek, Flynn Creek,

and Needle Branch respectively. This was equal to 4. 0, 4. 9, and

3. 5 g/m2 for Deer Creek, Flynn Creek, and Needle Branch, in that
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order. Net production per month was lowest in late fall in

Flynn Creek and Needle Branch, but lowest in March for Deer

Creek (Table 2). Deer Creek was thought to differ as a result of

heavy recruitment during August, September, and October and

resulting poor growth until the population reached lower levels in

April.

Table 2. Net production per month for the study sections (all age
groups combined).

Grams of production
Month Deer Creek Flynn Creek Needle Branch

Jul, 1962 1041 1506 482
Aug 1143 1138 231
Sep 1447 617 56
Oct 1449 436 70
Nov 1034 603 27
Dec 1223 754 99
Jan, 1963 958 959 154
Feb 823 830 400
Mar 788 1046 823
Apr 2111 1536 638
May 2641 1629 417
Jun 2009 1140 289

Total 16667 12194 3686

Net production in the Flynn Creek study area decreased until

October and then increased to the seasonal peak in April and May

(Figure 9). A minor trough in the production curve occurred in

January and February. This was the result of little growth by the
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1961 age group and decreases in the population size of the 1959+ age

group. Little production was achieved by trout of the 1963 age group

because they were present in such low numbers in the study area.

Flynn Creek was selected for this example since it seemed most

representative of the changes occurring in all three streams.

The mathematical result of production calculations for the

19 59+ age group was negative for some months (Appendix G). While

negative production is possible (i. e. , unelaboration of tissue during

weight loss), the negative production values I obtained were an arti-

fact of the method of estimating rates of growth. Consequently,

zero was used as a best estimate of production during those months.

lvi overn ent

Smolt movement occurred principally during February,

March, April, and May with April consistently the month of maximal

movement (Table 3 and Appendix H). From 1960-63, the number of

smolts per year decreased and their mean individual weight in-

creased so that the total weight of smolts per year from Deer Creek

remained relatively constant (Table 4). Smolt numbers in all

streams showed large variations from year to year (Appendix H).

During the 1963 movement period, two-year-old smolts dominated

the run in Deer Creek and Flynn Creek while one-year-old smolts
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Table 3. Length-frequency of smolts moving downstream from
Deer Creek.

Length (mm) Jan Feb Mar Apr May Jun Total Percent

50-75 0 5 0 4 0 0 9 .5
75-100 1 70 70 60 57 19 277 15.9

100-125 2 47 65 92 118 19 343 19.7
125-150 1 42 8Z 201 172 4 502 28.8
150-175 1 35 78 157 71 4 346 19.8
175-200 3 35 67 64 18 1 188 10.8
200-225 3 14 30 8 1 0 56 3. 2
225-250 0 5 7 2 2 0 16 .9
250-275 0 1 3 2 1 0 7 .4

Total 11 254 402 590 440 47 1744

Percent . 6 14. 6 23. 1 33. 8 25. 2 2. 7

1Data for 1960-63 seasons combined, not a complete count of smolts.

Table 4. Number and total weight of smolts moving downstream
from Deer Creek by years.

Year Number
Mean2

length (mm)
Mean3

weight (g)
Total

weight (g)

1960 548 125 19.8 10850
1961 517 140 27.3 14114
1962 367 151 33.9 12441
1963 310 152 34.8 10796

1For January through June only.

2From 25 mm groupings for 1960, 61, 62, and 5 mm groupings for
1963.

3Using weight prediction equation for smolts.
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did so in Needle Branch (Table 5).

Table 5. Age-frequency of smolts moving downstream from
February-May, 1963.

Age
Stream group Feb Mar Apr May Total Percent

1963 0 0 0 0 0 0.0
1962 10 4 10 12 36 12.0
1961 20 26 59 40 145 48.30 1960 15 25 52 10 102 34.0
1959+ 3 7 4 3 17 5. 7

Total 48 62 125 65 300

1963 0 0 0 1 1 0.3
1962 3 7 24 27 61 16.7
1961 20 44 98 73 2.35 64.4
1960 5 26 20 5 56 15.3
1959+ 0 9 3 0 12 3.3

Total 28 86 145 106 365

1963 0 0 0 0 0 0.0
1962 0 7 31 23 61 42.4
1961 0 13 30 14 57 39.6
1960 0 7 8 1 16 11.1
1959+ 0 6 2 2 10 6.9
Total 0 33 71 40 144

Trout migrated upstream in Deer and Flynn Creeks from late

October to early March with maximal movement concentrated rather

evenly in November, December, and January (Table 6). A trough

near 275 mm in the length-frequency of upstream migrating fish was
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interpreted as a partial separation of the run into searun and non-

searun trout (Table 6).

Table 6. Length-frequency of trout migrating upstream in Deer and
Flynn Creeks combined. 1

Length
(mm) Oct Nov

Month
Dec Jan Feb Mar Total Percent

100-125 0 1 3 3 0 0 7 3.5
125-150 0 4 1 0 2 0 7 3.5
150-175 0 2 5 3 2 0 12. 6.0
175-200 0 1 8 2 0 0 11 5.5
200-225 0 4 2 5 2 0 13 6. 5
22.5-250 0 4 4 2 1 0 11 5.5
250-275 1 0 4 1 0 0 6 3.0
275-300 0 3 1 4 1 0 9 4. 5
300-325 0 6 1 9 3 0 19 9. 5
325-350 1 7 12 13 3 0 36 18. 1
350-375 0 8 5 6 3 0 22 11. 1
375-400 1 6 10 6 0 0 23 11.6
400-425 0 5 5 1 1 1 13 6.5
425-450 0 1 7 0 0 0 8 4. 0
450-475 0 0 0 1 1 0 2 1.0

Total 3 52 68 56 19 1 199

Percent 1. 5 26.2 34. 2 28. 2 9. 5 . 5

'Data from 1 October, 1959 to 1 April, 1962.

Movement of kelts was rather variable, being greatest during

February and January in Deer Creek and Flynn Creek, respectively,

with some movement occurring until late April (Appendix I).

Movement of older trout above the fish trap in Deer Creek

varied from very little during the summer to very much in the winter



and spring. From June until November, trout were typically re-

covered in the same pool in which they had been placed after tagging

(only fish over 125 mm were tagged). By November, a general up-

stream movement was evidenced and continued through mid-

February. By then, many of the larger trout (180-275 mm) were

in small tributaries or further up the main stem. I observed ripe

female trout as small as 150 mm on redd sites and apparently

paired with ripe males (eggs and milt were readily extruded) in

February.

All degrees of movement to the spawning areas were noted.

One fish tagged in September of 1962 just above the Deer Creek trap

was found near the 2000 station in the East Fork of Deer Creek (a

distance of about 2150 meters). It was found very close to a redd

and apparently paired with a fish originally tagged near the redd site.

In September 1963, the first fish was again recovered in the pool

above the fish trap where I originally tagged it. No searun trout

were observed in any of the tributaries with smaller fish.

Early in June, many of the older resident fish again were

found in the same pool where they had been tagged the previous

summer. Trout of the 1963 age group were captured with the shocker

in most tributaries of the Deer Creek study area in June. Substan-

tial numbers were also recovered further up the main stems of all
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three streams beyond the study areas. No coho were found in the

sections of the tributaries with the greatest concentrations of trout

fry, although some overlap did occur in the main stern. During the

summer of 1962, a steady downstream movement of young-of-the-

year fish into the study area was noted. Along with the downstream

movement of smolts out of the study area during the principal emigra

tion season, another downstream movement of trout (predominantly

one-year-old) from the tributaries and headwaters into the study

section occurred. An efficient arrangement seems to have evolved

whereby the fry emerge into a near vacant niche.

Small numbers of trout of the 1963 age group were captured

in the downstream trap in tributary 6200 West from late July to

late September. Not enough fish were taken to determine whether

they were significantly smaller or larger than the trout remaining

in the tributary. The trap in the main stem and in the East Fork of

Deer Creek appeared to catch only random movement of trout.

Food

Aquatic arthropods were the most important food of trout

from mid-February to mid-June (Table 7). Earthworms diminished

in importance and terrestrial arthropods increased in importance

during this period. In a further classification of the food samples,



Table 7. Percentage occurrence by dry weight of food items removed from trout stomachs.

Sampling dates
Food material 9 Feb 23 Feb 9 Mar 23 Mar 6 Apr 20 Apr 4 May 18 May 1 Jun 12 Jun All samples óoblned

Aquatic Arthropods
(except crayfish) 11.4 44.0 34.8 4.4 31.1 69.9 19.0 24.4 17.3 14.1 19.6

Frogs -- -- 58.8 -- -- -- -- -- -- 16.6

Earthworms 20.4 42. 5 37. 6 -- 28.9 . 3 40. 2 -- -- -- 15. 6

Juvenile Salmonids -- -- -- 33. 1 -- - 2. 8 -- . 1 -- 9.7

Fish remains -- .9 -- -- 25. 1 9.0 -- 17. 3 -- 58. 3 7.6

Sculpins -- -- -- -- -- -- 27,1 -- 28.7 -- 7.5

Unidentifiable material 11.8 10.3 6.4 2.5 10.7 16.5 8.8 6.4 5.3 7.8 6.8

Crayfish -- -- -- -- -- -- -- 19.6 46.2 -- 6.6

Terrestrial Arthropods .2 trace 1.'O . 3 4. 3 4.4 1.6 32. 2 2. 1 19.9 3.7

Salmonid eggs 56.2 2. 3 -- -- -- -- -- 3.7

Salamanders -- -- 20.3 -- -- -- -- -- -- -- 2.3

Sculpin eggs - -- -- 1.0 -- -- -- -- .4 -- 0.3

Total sample weight
(mg) 601 429 1093 2673 793 303 1321 281 1226 759 9477

Number of fish in the
sample 7 20 20 21 19 19 20 6 19 20 171

Mean size of fish in the
sample (mm) 147 148 157 1S2 129 146 146 136 164 156 149

0
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Diptera, Trichoptera, and Plecoptera were the three most important

insect orders (Appendix J).

Juvenile salmonids were found in stomachs of trout. The

importance of juvenile salmonids and other large food animals may

have been exaggerated because their estimated utilization was based

on only a few occurrences. During the time coho fry were emerging,

as well as later, we captured large (lSO-.250 mm) trout near and

even right among these fry. Even when the belly of the trout was

distended with food, we rarely found juvenile salmonids in the

stomachs. However, in the unnatural situation in the downstream

trap, 92 percent of the stomach contents of 12 cutthroat trout con-

sisted of coho fry. A total of 18 coho fry were removed from one

gorged 140 mm smolt in the Deer Creek trap.
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DISCUSSION

A rather close agreement among mean annual biomass levels

in the three streams was found (46, 48, and 33 kg/ha for Deer Creek,

Flynn Creek, and Needle Branch, respectively). Deer and Flynn

Creeks had the highest biomass levels and the greatest mean depths.

The pools in Needle Branch were relatively shallow and lacked the

deeply undercut banks common in Deer and Flynn Creeks. From

observations made while electrofishing the three streams, I con-

cluded 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 a combination of greater than

average depth and deeply undercut banks. This suggests that stream

improvement consisting of the creation of deep pools and suitable

cover might increase the carrying capacity of comparable streams

for cutthroat trout.

Since levels of salmonid biomass from different ecological

situations vary so greatly (2, p. 168), nothing very profound is to be

gained from desultory comparisons. However, two studies of trout

population dynamics are sufficiently detailed and from environments

similar enough to the three streams to enable useful comparisons.

McFadden (17, p. 15) reported mean annual biomass levels of brook
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trout in Wisconsin that varied from 3.7 to 106 kg/ha during a four-

year period. In New Zealand, Allen (2, p. 165) estimated the mean

annual biomass of brown trout to be 265 kg/ha over a one-year

period.

By combining my data on trout biomass with those of

Chapman (5, p. 77) on coho biomass, 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 biomass was

present in Deer Creek and is not included in that figure. Non-

salmonid biomasses of 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 yearclasses of fish can ap-

parently be modified by differences in their biomass level (18, p. 186)

and both entities are susceptible to modification in response to changes

in the environment of the population (2, p. 214). Only minor differ-

ences in growth rate were evident among the three streams (Appendix

G). But differences in the maximal length reached by trout before

leaving the streams were obvious. Deer Creek and Flynn Creekhad "res-

ident" trout up to 275 mm in length, while no trout in Needle Branch
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exceeded 225 mm. Needle Branch had few deep pools with undercut

banks to hold larger trout.

The growth rate of the 1961 yearclass of trout in Deer Creek

increased sharply in April of 1963 (Appendix G). Apparently, normal

growth could not resume until mortality and smolt emigration had

reduced the biomass of the 1961 age group to lower levels. This

gives some support to the population estimates showing heavy recruit-

ment the previous fall and heavy mortality subsequently. However,

if the larger members of the 1961 age group emigrated downstream

selectively, the growth rate may have been biased downward.

The periodicity and rate of growth estimated for trout in the

three streams agree well with that reported byM dden.for:boo1c trout

in Wisconsin (17, p. 23). The seasonal distribution of growth was

nearly identical despite the climatic differences between the two

regions. The growth rates for brook trout were higher during the

growing season. Allen (2, p. 119) found growth rates for brown

trout in New Zealand that were higher than growth rates during the

first nine months in the three study streams. Thereafter, Allen's

data showed no seasonal fluctuations, indicating growth at the same

rate in winter and summer.

Sumner (21, p. 82) reported that cutthroat trout in Sand Creek,

Oregon,Iormedanannulus on their scales near September 1.
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Assuming that the annulus is laid down during that part of the year

when growth is least (22, p. 240), early December would be a likely

time for this phenomenon to occur in the three study streams. A

comparison of the two sets of data shows an excellent agreement in

the length at the time of annulus formation despite the differences in

time (Table 8).

Table 8. A comparison of trout length at assumed times of annulus
formation.

Length in millimeters
Deer Creek, Flynn Creek,

Sand Creek, Oregon1 and Needle Branch
Annulus Sep 1 Decl

1 68 70
2 117 112
3 165 151
4 201 2042

1Data of Sumner (21, p. 82).
2Older age groups combined.

In the study areas, recruitment and emigration caused dif-

ferences in biomass levels among age groups that would not be

characteristic of a complete population. The population size of a

yearclass ordinarily decreases after fry emergence, whereas re-

cruitment caused mine to increase in some cases. The production

estimates generated from this trout population must be interpreted

with that in mind. Also, since mortality and recruitment of trout
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occurred simultaneously throughout much of the study period, the

magnitude of mortality and recruitment rates could not be assessed

separately.

Net production of trout per unit area was greatest in Flynn

Creek and next greatest in Deer Creek. Since biomass levels and

growth rates of trout in the two streams were very similar, I

thought that differences in the age distributions of trout caused most

of the differences in net production. The Flynn Creek study area had

a greater proportion of younger trout and their greater rate of

growth caused more production for a given level of biomass. The

age distribution of trout in Needle Branch was similar to that in Flynn

Creek, so production differences were primarily the direct result of

biomass differences.

The estimated 3 5-50 kg/ha of net production of trout in the

three streams is much lower than the 544 kg/ha reported by Allen.

for a fished population of brown trout (2, p. 174) and lower than the

198 kg/ha I calculated from data reported by McFadden for a hypo-.

thetical unfished population of brook trout (17, p. 23, 38, 41). The

latter two studies were concerned with non-migratory salmonid

stocks in temperate streams. Chapman (5, p. 67) reported an esti-

mated 95 kg/ha of coho salmon production in the three study streams;

some steelheadtrout production occurred in Deer C.reIç;and the reticulate
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sculpin was present in all three streams and constituted an un

measured source of fish production. Therefore, total production of

salmonids in Deer and Flynn Creeks and Needle Branch was about

140 kg/ha and total fish production somewhat greater.

To facilitate reasonable comparisons of my production data

with data from New Zealand and Wisconsin, I separated total produc.

tion into production occurring during each growth periodt (Table 9).

A growth period was defined as that part of the life of an age group

between successive troughs of the curve of instantaneous growth

rate. Of the parameters that affected production values in these

three environments, the growth rate appeared to vary in the most

consistent fashion. The data of the single production year for the

several yearclasses were assumed to be representative of the pro-

duction during the life of a typical yearclass for this purpose.

Table 9. Net production of composite yearclasses expressed as
percentage per growth period.

Growth period
Stream 1 Z 3 4 5

Deer Creek 5. 4 34. 6 37. 3 ZO. 7 1. 9
Flynn Creek 4. 5 38. 3 38.9 16. 6 1. 7
Needle Branch 5. 1 50.6 29.4 13. 2 1.7
Lawrence Creek' 45. 6 40. 1 14. 3 --
Horokiwi Stream2 54. 6 34. 7 7. 9 2. 8 --

'Calculated from biomass and instantaneous rates of growth reported
by McFadden (17).

2Calculated from the data of Allen (2).



One purpose of the comparison was to approximate total

production of trout within the watersheds. Since 85 to 90 percent

of the total production of both Horokiwi Stream and Lawrence Creek

occurred in growth periods one and two, and since only about 50

percent of the production in my three study areas occurred in the

same periods; I concluded that the total production in Deer Creek,

Flynn Creek, and Needle Branch may have been about one.quarter

greater than that found in the study areas. The comparison depends

on an assumption that the distribution of mortality throughout life

was similar in the compared populations. The value of the

comparison is diminished somewhat because trout in Horokiwi

Stream and Lawrence Creek were not migratory.

Production has often been compared to initial biomass to

arrive at an index of the efficiency of production. Since emigration

and recruitment obscure the usefulness of any such comparisons in

Deer Creek, Flynn Creek, and Needle Branch, a comparison was

made on the basis of the mean annual biomass of all, age groups. The

result of these calculations may also be thought of as the annual

instantaneous rate of growth of all age groups combined. Much

higher efficiencies were achieved by the trout in Horokiwi Stream

and Lawrence Creek than in the study streams (Table 10). This was

so because most of the production (85 to 90 percent) occurred during
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the first two years of life in the former two situations and portions

of this were missed in my data.

Table 10. Ratios of net production to mean annual biomass. 1

Fish Stream Ratio

Cutthroat trout Deer Creek . 87
Cutthroattrout Flynn Creek 1.02
Cutthroat trout Needle Branch 1. 04
Brook trout2 Lawrence Creek 1. 66
Brown trout3 Horokiwi Stream 2. 08

'Data for all yearclasses combined
2Calculated from biomass and instantaneous rates of growth reported
by McFadden (17).

3From the data of Allen (2).

Although part of the production for the watershed as a whole

was not measured, I compared production and smolt weight by age

groups (Table 11). The gradual downstream movement of trout is

reflected in these figures as well as the distribution of emigration

among age groups within the population.

Because the total weight of smolts passing the DeerCreek

trap during four years has remained relatively constant despite large

changes in the number of smolts, the possibility of a compensatory

mechanism tending to stabilize the total weight of smolts should be

investigated. The compensatory mechanism might be variable be-

havior, a variable growth rate, or a variable rate of emigration per
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age group in response to population size.

Table 11. The relationship between trout production and the weight
of smolts' by age groups.

Deer Creek Flynn Creek Needle Branch
Age Prod. Smolts Prod. Smolts Prod. Smolts

Groups (g) (g) (g) (g) (g) (g)

1963 199 0 36 1 58 0

1962 3509 333 3254 599 1759 468
1961 7196 3437 5552 5374 948 1237
1960 4973 5069 2402 2617 730 650
1959+ 789 1819 952 1032 191 884

Total 16666 10658 12196 9623 3686 3239

1For February, March, April and May of 1963.

One use of the data from this study will be to evaluate the

effects of logging on two of the three streams. Although inlormation

on net production would facilitate understanding changes in the status

of trout in the streams, I feel that smolt movement would be the

best index for measuring any changes. Certainly, smolt quantity

could be more easily and accurately ascertained. Since the bulk of

all three trout populations are sublegal, the most important function

of the three streams, as far as the cutthroat trout fishery is con-

cerned, is to produce smolts.

Movement information reported here agrees well with that

reported by Sumner (21, p. 77-83). Peak downstream movement of
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trout in Sand Creek occurred in May while April was consistently

the peak month in the three streams I studied. The dominant size

group of smolts in the downstream runs of both Sand Creek and

Deer Creek was 125 to 150 mm. Unfortunately, little was known of

smolt movements after they passed the downstream traps. I caught

three marked trout less than two miles downstream from the fish

traps during the summer of 1963 which suggested that all degrees of

seaward migration may have existed.

Searun trout migrating upstream averaged about 350 mm at

both the Sand Creek trap and the Deer and Flynn Creek traps Up-

stream movement in Sand Creek was greatest in November, while

peak numbers occurred in December in Deer and Flynn Creeks. The

proximity of the Sand Creek trap to salt water may partially explain

that difference.

Sumner (21, p. 77) also noted that fish in small tributaries

left natal streams at one year of age during the usual downstream

migration period and then spent a variable length of time in the

main stream above the Sand Creek trap. A similar situation existed

in Deer Creek during the period of observation except that some

downstream movement from natal tributaries occurred throughmost of

the year. DeWitt (11) also reported taking cutthroat trout young-of-

the-year in tributaries with flows less than 1 cfs. The most
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important tributary for trout reproduction of the Deer Creek study

area (6200 West) had an approximate mean annual flow of only 0, 65

cfs. Year-round flows and suitable spawning gravel were present

in all tributaries having young-of-the-year trout. The fact that cut-

throat trout are so dependent on the small tributaries suggests that

logging methods depositing silt in or blocking these tributaries would

be highly detrimental to cutthroat trout reproduction.

Production at any trophic level is limited by the flow of

energy through the food web and some information on food habits is

essential to an understanding of the significance of information about

net production. Terrestrial arthropods appeared to be relatively

unimportant to trout during the period that food habits were ex-

amined. The pool dwelling and cover seeking behavior of trout may

mean that they have fewer opportunities to obtain food from the

surface than do juvenile coho. If more food with an aquatic origin

becomes available after logging, the trout may be in a better position

to capitalize on it than the young coho.

In the same study stream, Demory (10, p. 11-14) found that

food with an aquatic origin made up 56 percent (by dry weight) of the

coho diet during a one-year period. Diptera comprised 24 percent,

Ephemeroptera 14 percent, Coleoptera 10 percent and Trichoptera

6 percent of the coho diet. Although cutthroat trout utilization of the
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same categories was less frequent, aquatic arthropods were the

most important food. Diptera was the most important insect order

and both Coleoptera and Ephemeroptera were prominent in the trout

diet. Since trout and coho fed on the same insect orders, 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 (13, p. 4, 18) for cutthroat

trout from throughout Oregon. They found about 74 percen.t aquatic

insects (numerically), 17 percent terrestrial insects, and three

percent crustaceans in the stomachs of 32.6 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 2.55 mm in

length.

The results of the food study suggested to me that the cut-

throat trout was not an important consumer of coho in Deer Creek.

However, there are several reasons why this conclusion may be

faulty. Systematic food samples taken every two weeks may have

missed periods of fry utilization. Sampling was not concentrated

near coho redds at the time of fry emergence, where consumption

might be greatest. Diel variations in food utilization were not

examined.
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Appendix B. Summary of statistical tests made to determine the homogeneity of regression lines.

'f" value for

1
Degrees of Calculated significance at

Begressions being tested freedom "1" .05 .01

All streams and seasons
combined vs. each stream and
each season separately 8 and 509 3.96* 1.94 2.51

Deer Creek data combined
vs. Deer Creek summer and
winter separately 2 and 207 6.05* 3.00 4.61

Flynn Creek data combined
vs. Flynn Creek summer
and winter separately 2 and 223 555* 3.00 4.61

Summer data combined vs.
Deer Creek, Flynn Creek,
and Needle Branch summer
separately 4 and 414 2.32 2. 37

Winter data combined vs.
Deer Creek and Flynn Creek
winter separately 2 and 95 0. 11 3. 10

* Significant at 0.01 level.

See p. 28 for explanation of regressions being tested.



Appendix C. Schedule of data used in making population estimates.

Age groups
1963 1962 1961 1960 1959+

Date MarkM R C1 MR C MR C MR C MR C

Deer Creek

1 Jul 62 LV 38 76 565 44 80 373 14 35 100

7 Aug 62 RV 13 0 43 58 70 440 35 41 293 10 10 67

12 Sep62 AD 25 4 29 63 45 343 40 26 219 8 5 50

9 Nov 62 LVA 9 1 95 28 11 290 23 24 172 2 0 36

10 Feb 63 RVA 8 3 171 16 13 244 7 6 149 1 0 27

20 Apr 63 BVA 6 2 160 9 2 142 6 4 60 1 1 15

12Jun63 BC 14 1 25 76 56 279 41 38 117 21 14 42 4 3 11

3 Sep 63 TC 97 31 135 90 31 104 38 15 34 13 5 15 3 3 4

Flynn Creek

10 Jul62 LV 69 105 603 26 51 215 18 25 64

9 Aug 62 RV 2 0 18 42 71 547 33 36 173 8 5 50

11 Sep62 AD 2 2 152 83 84 420 20 15 123 10 4 28

3 Nov 62 LVA 8 1 113 19 20 355 15 9 92 2 0 18

25Jan63 RVA 6 4 185 17 17 310 2 3 82 1 0 14

13 Apr 63 BVA 33 9 149 11 8 174 2 1 36 0 0 2

11Jun63 BC 3 0 18 71 15 79 23 2 15 7 3 11 0 0 0

Needle Branch

13 Jul 62 LV 2 1 18 16 25 167 20 31 101 7 12 30

8 Aug 62 RV 10 0 6 14 22 149 10 18 83 2 1 24

10 Sep62 AD 1 0 19 13 15 130 8 12 65 1 1 22

27 Oct 62 LVA 3 1 81 7 8 117 2 2 52 1 1 17

18 Jan 63 RVA 2 2 166 8 7 91 6 7 33 0 0 14

6 Apr 63 BVA 13 5 152 4 0 65 1 0 22 1 0 7

10 Jun 63 BC 24 5 15 65 22 87 15 3 8 7 4 7 2 1 1

1See page 7 of text for definition of R, M, and C.
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Appendix D. Point estimates of population size and 95 percent lower and upper confidence limits.

Date Mark 1963 1962

Age groups

1961 1960 1959+

Deer Creek

1Jul62 LV 271(211-346) 200(169-245) 39(30-52)

7Aug62 RV No estimate 363 (290-447) 250(194-350) 62(36-125)

12 Sep 62 AD 147 (37-260) 485 (350-630) 334 (222-571) 67 (33 -200)

9 Nov 62 LVA 428 (65-2420) 683 (341-1195) 164 (110-288) No estimate

10Feb63 RVA 348(94-1010) 281 (149-472) 149(58-323) No estimate

20Apr63 BVA 316(71-1180) 428(94-1570) 73(23-185) 8(2-50)
12 Jun 63 BC 182 (27-984) 380(304-475) 124 (10k-178) 60(41-100) 12 (6-57)

3Sep63 TC 404(303-571) 300(225-428) 83(58-131) 34(19-87) No estimate

Flynn Creek

10 Jul 62 LV 384(300-493) 108(87-153) 45 (33-67)

9 Aug 62 RV No estimate 323 (247-420) 157 (114-220) 67 (32-160)

11Sep62 AD 100(22-374) 415(346-519) 154(95-250) 59 (30-200)

3Nov62 LVA 444(69-2555) 322(196-594) 136(75-300) No estimate

25Jan63 RVA 212(71-570) 293(170-464) 42(11-121) Noestimate
13 Apr 63 BVA 492 (230-925) 226 (95-415) 37(5-204) No estimate

11 Jun 63 BC 57 (7-1050) 355(220-645) 121(54-766) 21 (10-88) No estimate

Nee die Branch

13Jul62 LV 18(6-200) 107(73-160) 64(49..91) 17(11-29)

8 Aug 62 RV No estimate 93 (64-140) 43 (29-71) 25 (4-141)

10 Sep 62 AD No estimate 108 (72-186) 40 (24-73) 11 (2-62)

27 Oct 62 LVA 125 (18-685) 92 (40-178) 35 (7-128) 9 (3_l00)

18Jan63 RVA 111 (24-407) 92(38-187) 25 (14-60) No estimate

6 Apr63 BVA 333 (118-765) No estimate No estimate No estimate

10Jun63 BC 63(36173) 250(171-406) 34(18-150) 11 (7-35) No estimate
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Apcndix E. Population size and mean length of trout by age groups.

Age groups
1959+ 1960 1961 1962 1963

Date N L1 N L N L
A
N L N L

Deer Creek

Jul 1 50 201 200 144 260 102 0 59

Aug 1 44 206 250 146 350 106 40 64

Sep 1 40 208 310 148 442 110 106 69

Oct 1 38 209 312 151 550 113 230 74

Nov 1 31 208 205 153 665 116 402 79

Dec 1 24 206 166 155 672 118 435 81

Jan 1 20 204 157 158 580 121 405 81

Feb 1 16 204 149 162 410 123 362 81

Mar 1 13 207 125 165 308 125 308 82

Apr 1 11 212 92 168 270 126 303 86 0 25

May 1 10 218 75 175 194 131 327 96 70 38

Jun 1 9 223 61 183 130 142 385 104 152 47

Jul 1 7 225 51 190 104 152 356 109 234 53

Aug 1 6 225 40 194 95 157 323 111 312 56

Sep 1 4 225 35 197 81 160 303 112 390 58

Flynn Creek

Jul 1 58 190 155 139 425 103

Aug 1 52 197 145 144 404 107 0 55

Sep 1 45 202 140 148 385 110 70 58

Oct 1 40 202 136 149 372 113 210 62

Nov 1 28 19S 130 149 355 115 440 65

Dec 1 19 195 105 151 333 116 342 70

Jan 1 10 200 62 155 310 118 238 73

Feb 1 6 209 42 161 284 122 218 75

Mar 1 4 212 32 169 260 125 350 78

Apr 1 2 213 25 176 237 129 480 82 0 25

May 1 0 215 20 182 201 135 472 88 25 32

Jun 1 19 188 132 142 376 95 50 38

Jul 1 18 193 110 148 324 100 75 44

TNfl equals estimate of age group size and "L" equals mean length (mm).



Appendix E (continued).

Age groups
1959+ 1960 1961 1962 1963

Date N
1

L
A
N L

A
N L

A
N L

A
N L

Needle Branch

Jul 1 23 198 69 138 108 96 5 3S

Aug 1 21 201 52 144 105 101 33 42

Sep 1 16 203 42 147 102 103 65 48

Oct 1 12 202 37 148 100 103 103 52

Nov 1 8 200 34 149 99 103 124 56

Dec 1 7 195 30 149 96 103 122 58

Jan 1 5 195 25 151 92 104 117 60

Feb 1 4 197 21 155 90 105 117 63

Mar 1 3 202 18 159 83 110 183 70

Apr 1 2 206 15 166 68 117 329 80 0 25

May 1 2 210 12 170 47 123 296 86 26 35

Jun 1 2 2l2 10 173 36 127 260 90 51 44

Jul 1 1 213 10 175 31 129 241 93 78 50

equals estimate of age group size and "L' equals mean leiigth(mm).



Appendix F. Mean weight and biomass of trout in grams by age groups.

Age groups
1959+ 1960 1961 1962 1963

Date w W1 w W w W w W W

Deer Creek

Jull 85.3 4265 31.9 6380 11.6 3016 2.3 0

Augi 91.8 4039 33.3 8325 12.9 4515 2.9 116

Sep 1 94.4 3776 34. 6 10730 14.4 6365 3.6 382

Oct 1 95.8 3640 36.7 11450 15.6 8580 4.5 1035

Nov 1 94.4 2926 38.2 7831 16.9 11240 5.4 2171

Dec 1 91.8 2203 39.7 6590 17.7 11890 5.9 2567

Jani 89.2 1784 42.0 6594 19.1 11080 5.9 2390

Feb 1 89.2 1427 45.2 6735 20.1 8241 5.9 2136

Marl 93.1 1210 47.7 5963 21.0 6468 6.1 1879

Apri 99.9 1099 50.3 4628 21.5 5805 7.0 2121 .2 0

May 1 108.4 1084 56.7 4253 24.2 4695 9.7 3172 .6 42

Jun 1 115.9 1043 64.7 3947 30.6 3978 12.2 4697 1.2 182

Jul 1 119.0 833 72.3 3687 37.4 3890 14.0 4984 1.7 398

Augi 119.0 714 76.9 3076 41.2 3914 14.8 4780 2.0 624

Sep 1 119.0 476 80.4 2814 43.6 3532 15.2 4606 2.2 858

Flynn Creek

Jull 72.3 4193 28.8 4464 11.9 5058

Aug 1 80.4 4181 31.9 4626 13.3 5373 1.9 0

Sep 1 86.6 3897 34.6 4844 14.4 5544 2.2 154

Oct 1 86. 6 3464 35. 3 4801 15. 6 5803 2. 7 567

Nov 1 78. 0 2184 35. 3 4589 16. S 5858 3. 1 1364

Dec 1 78.0 1482 36.7 3854 16.9 5628 3.8 1300

Jan 1 84. 1 841 39. 7 2461 17. 7 5487 4. 3 1023

Feb 1 95.8 575 44.4 1865 19.6 5566 4.7 1025

Mar 1 99.9 400 51.2 1638 21.0 5460 5.2 1820

Apr 1 101. 3 203 57. 7 1443 23. 1 5475 6. 1 2928 . 2 0

May 1 104.1 0 63.7 1274 26.4 5306 7.5 3S40 .4 10

Juni 70.1 1332 30.6 4039 9.4 3534 .6 30

Jul 1 757 1363 34.6 3806 10.9 3532 1.0 75

1 equals mean individual weight and "We' equals total weight of age group.
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Appendix F (continued).

Age groups

1959+ 1960 1961 1962 1963

Date W W W W

Needle Branch

Jul 1 81.6 1877 28.2 1946 9.7 1048 .5 3

Aug 1 85.3 1791 31.9 1659 11.2 1176 .8 26

Sep 1 87.9 1406 33.9 1424 11.9 1214 1.3 85

Oct 1 86.6 1039 34.6 1280 11.9 1190 1.6 165

Nov 1 84.1 673 35.3 1200 11.9 1178 2.0 248

Dcc 1 78.0 546 35.3 1059 11.9 1142 2.2 268

Jan 1 78.0 390 36.7 918 12.2 1122 2.4 281

Feb 1 80.4 322 39.7 834 12.6 1134 2.8 328

Mar 1 86.6 260 42.8 770 14.4 1195 3.8 695

Apri 91.8 184 48.6 729 17.3 1176 5.6 1842 .2 0

May 1 97.1 194 52.1 625 20.1 945 7.0 2072 .5 13

Jun 1 99.9 200 54.8 548 22.0 792 8.0 2080 1.0 51

Jul 1 101.3 101 56.7 567 23.1 716 8.8 2121 1.4 109

equals mean individual weight and "W" equals total weight of age group.



Appendix C. Monthly instantaneous rate of growth, monthly mean biomass, and monthly net production of trout by age groups.

Age groups in Deer Creek

1959+ 1960 1961 1962 1963
Month g W gW2 g gW g gT g W gW g W gW

Jul .073 4150 301 .041 7340 299 .113 3770 427 .240 58 14

Aug .029 3910 111 .040 9530 382 .109 5440 594 .222 249 55

Sep .014 3710 52 .059 11090 656 .079 7470 593 .206 708 146

Oct -.014 3280 -46 .039 9640 374 .077 9910 766 .193 1600 309

Nov -.029 2560 -73 .038 7210 276 .050 11570 583 .074 2370 175

Dec -.029 1990 -57 .057 6590 373 .074 11490 850 0 2480 0

Jan 0 1610 0 .074 6660 491 .048 9660 467 0 2260 0

Feb .043 1320 57 .054 6350 344 .048 7350 350 .036 2010 73
Mar .070 1150 81 .053 5300 281 .024 6140 144 .140 2000 281

Apr .082 1090 90 .120 4440 535 .115 5250 602 .324 2650 858
May .067 1060 71 .132 4100 540 .238 4340 1031 .236 3930 929

Jun .026 938 25 .111 3820 423 .201 3930 790 .138 4840 670
Jul 0 774 0 .061 3380 208 .095 3900 372 .054 4880 262

Aug 0 595 0 .045 2950 133 .056 3720 208 .026 4693 124

1Zero was used as a best estimate of negative production values (see text).
2h1gl equals growth rate, 'tW" equals mean biomass in grams, and 'gW" equals net production in grams.

1.235 21 26
.627 112 70
.354 290 103

.162 511 83

.103 741 77

a-'

a-'



Appendix G (continued).

Age groups in Flynn Creek
1959+ 1960 1961 1962 1963

Month g W gW1 g W gW g W gW g W gW g W gW

Jul .107 4190 447 .104 4540 474 .112 5220 586
Aug .074 4040 299 .081 4730 383 .082 5460 445
Sep 0 3680 0 .020 4820 96 .079 5670 450
Oct -.104 2820 -294 0 4690 0 .052 5830 301
Nov 0 1830 0 .039 4220 166 .026 5740 146
Dec .075 1160 87 .077 3160 243 .050 5560 280
Jan .130 708 92 .112 2160 242 .098 5530 543
Feb .042 487 21 .143 1750 251 .072 5510 395
Mar .014 301 4 .120 1540 184 .093 5470 508
Apr .028 101 3 .099 1360 134 .134 5390 722
May .096 1300 125 .149 4670 696
Jun .077 1350 104 .122 3920 479

.157 77 12

.197 361 71
139 966 135

.219 1330 291

.124 1160 144

.080 1020 82

.116 1420 164
147 2370 350

.208 3230 673 .728 5 4

.226 3540 798 .507 20 10

.151 3530 534 .432 53. 23

1 -
"g" equals growth rate, "W" equals mean biomass in grams, and "gW" equals net production in grams.



Appendix C (continued)

jge. groups in Needle Branch
1959+ 1960 1961 1962 1963

Month g W gW1 g W gW g W gW g W gW g W gW

Jul .044 1830 81 .126 1800 226 .150 1110 166 .538 15 8

Aug .029 1600 47 .061 1540 94 .058 1190 69 .394 56 22
Sep -.015 1220 -18 .020 1350 27 0 1200 0 .236 125 29

Oct -.029 856 -25 .020 1240 25 0 1180 0 .219 206 45
Nov -.075 609 -46 0 1130 0 0 1160 0 .104 258 27
Dcc 0 468 0 .039 988 39 .029 1130 32 .100 275 28
Jan .030 356 11 .077 876 68 .028 1130 32 .144 304 44
Feb .074 291 22 .075 802 60 .137 1160 160 .311 512 159

Mar .058 222 13 .127 750 95 .182 1190 216 .394 1270 500
Apr .057 189 11 .070 677 48 .148 1060 156 .213 1960 417 .992 7 7

May .028 197 6 .052 587 30 .094 868 82 .134 2080 278 .675 32 22

Jun .014 151 2 .034 558 19 .046 754 35 .097 2100 203 .377 80 30

1"g" equals growth rate, "W" equals mean biomass in grams, and "gW" equals net production in grams.



Apdix H. Numbers of smolts and their monthly downstream movement by years.

Year Jan Feb Mar Apr May June Jul..Oct Nov Dec Totals

Deer Creek

1960 6 74 123 189 144 14 2 18 4 574

1961 11 78 126 205 144 5 3 9 15 596

1962 1 57 126 143 105 24 1 3 0 460

1963 1 48 62 122 65 9 13 23 4 347

Total 19 257 437 659 458 52 19 53 23 1977

Percent 1.0 13.0 22.1 33.3 23.2 2.6 1.0 2.7 1.2

Flynn Creek

1960 22 138 209 204 194 17 0 15 0 799

1961 5 69 69 109 167 10 1 4 11 445

1962 2 Il 105 124 108 6 3 3 0 362

1963 0 28 86 145 106 11 4 8 3 391

Total 29 246 469 582 575 44 8 30 14 1997

Percent 1.5 12.3 23.5 29.1 28.8 2.2 .4 1.5 .7

Needle Branch

1960 0 13 48 72 50 3 4 13 2 205

1961 4 22 21 42 32 7 0 * * 128

1962 * 0 10 34 16 1 4 2* * 67

1963 * 1* 33 71 40 12 6 3* * 166

Total 4 36 112 219 138 23 14 18 2 566

Percent .7 6.4 19.8 38.7 24.4 4.1 2.5 3.2 .4

*Trap not operated at least part of month.
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Apenthx I. Numbers of kelts and their monthly downstream movement by years.

Year Jan Feb Mar Apr Dec Total

Deer Creek

1960 15 12 1 0 0 28
1961 11 18 0 0 1 30
1962 1 2 3 2 2 10
1963 4 17 7 3 0 31
Total 31 49 11 5 3 99
Percent 31.3 49.5 11.1 5.1 3.0

Jynn Crçj

1960 11 5 5 2 0 23
1961 9 6 0 1 3 19
1962 2 2 2 1 0 7
1963 7 8 5 2 0 22
Total 29 21 12 6 3 71
Percent 40.8 29.6 16.9 8.5 4.2

Needle Branch

1960 0 0 0 0 0 0
1961 0 1 1 1 * 3

1962 * 0 1 0 * 1

1963 * 1 3 0 * 4
Total 0 2 5 1 0 8
Percent 0 25.0 62.5 12.5 0

*Trap not operated at least part of month



Appendix J. Percentage occurrence by dry weight of food items of trout.

Sampling dates All samples
Food material 9 Feb 23 Feb 9 Mar 23 Mar 6 Apr 20 Apr 4 May 18 May 1 Jun 12 Jun combined

Genus Rana -- -- 58.8 -- -- -- -- 16.6
Class Ouigochaeta (earthworms) 20.4 42. 5 37.6 -- 28,9 . 3 40. 2 -- -- -- 15. 6
Family Salmonidae (Juvenile) -- -- -- 33. 1 -- -- 2. 8 -- . 1 -- 9.7
Fish remains -- .9 -- -- 25.1 9.0 -- 17.3 -- 58.3 7.6
Family Cottidae -- -- -- -- -- -- 27. 1 -- 28. 7 -- 7.5
OrderDiptera 6.8 27.8 18.1 1,9 9,1 25.4 .9 .9 9.2 .3 7.3
Unidentifiable material 11.8 10.3 6.4 2.5 10.7 16.5 8.8 6.4 5.3 7,8 6.8
OrderDecapoda -- -- -- -- -- 19.6 46.2 -- 6.6
Order Trichoptera 4.4 16.1 15.5 .5 4.2 25.7 5.2 17.0 7.0 3.9 6.6
Family Salmonidae (eggs) 56,2 2.3 -- -- -- -- -- -- - 3,7
Order Plecoptera -- trace . 5 6 18. 2 . 8 1. 3 .6 .6 3.6 2. 3
Genus Dicamptodon -- -- 20.3 -- -- -- -- -- -- -- 2.3
Order Coleoptera -- -- .7 trace 1.2 .3 1.6 15.9 1.9 11.8 2,1
Order Amphopoda - -- -- -- -- -- 10.7 -- -- - 1.5
OrderHemiptera -- - -- .3 .7 16.6 trace -- .1 5.0 1.1
Class Chilopoda -- -- - - - - . 6 . 9 - - 1. 6 - - 6. 5 . 7

Order Ephemeroptera . 3 trace .6 . 2 . 2 1. 0 . 8 3. 7 . 4 . 7 .5
Family Cottidae (eggs) - -- -- 1.0 -- -- -- -- .4 -- .3
Order Hymenoptera - -- -- . 1 . 1 -- trace 8. 8 - . 3 . 3

Class Diplopoda -- - -- . 6 -- - . 1 -- - . 1 . 2

Class Gastropoda (slug) - -- -- -- -- -- -- 5.9 -- -- .2
Order Orthoptera -- -- -- . 2 -- 3. 1 -- -- . 2 -- . 2

Class Arachnida . 2 -- trace trace . 6 . 4 trace . 3 -- . 8 . 1

Order Megaloptera -- -- - - . 3 -- -- . 4 - - -- -- . 1

Order Homoptera -- -- .2 -- .3 -- -- 1.8 -- -- .1

Order Isopoda -- . 2 . 1 trace -- -- -- -- . 1 . 4 . 1

Order Lepidoptera -- -- -- -- . 4 -- -- -- trace . 5 . 1

Order Collembola -- trace trace - - -- . 1 trace . 2 -- trace trace
Phylum Nemathelminthes '- -- -- -- -- -- trace -- -- -- trace



Appendix J (continued).

Sampling dates All samples
Food material 9 Feb 23 Feb 9 Mar 23 Mar 6 Apr 20 Apr 4 May 18 May 1 Jun 12 Jun combined

Total sample weight (mg) 601 429 1093 2673 793 303 1321 281 1226 759 9477

Number of fish in the sample 7 20 20 21 19 19 20 6 19 20 171

Mean size of fish in the sample
(mm) 147 148 157 152 129 146 146 136 164 156 149




