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INTRODUCTION

Considerable information can be found in the literature on the species
composition and relative abundance of pelagic fish communities, but esti-
mates of production of fish flesh are rare. Acoustic abundance estimation
procedures provide an effective method of population estimation in large
lakes such as Lake Washington where conventional methods would require
so much time and effort as to be prohibitive. An integration of growth
and species composition information with acoustic abundance estimates can
be used to provide estimates of abundance, mortality, and production in
such lakes, where precise estimates were not previously available.

The present study was designed to investigate the population parameters of
the pelagic fish populations. The information obtaned from this study,
in conjunction with the information on littoral and benthic species ob-
tained under "Distribution, Relative Abundance and Biomass of Benthic and
Littoral Fishes" should provide a complete picture of the biomass and pro-
duction at this trophic level in Lake Washington. Information obtained from
the present study about the population abundance of the peamouth (Mzylo-
cheilus caurinus) in the limnetic zone have been used to calibrate gill
net catches of the benthic and littoral studies (Whitney and Wydoski,
principal investigators). Together with information on the daily ration
obtained by the limnetic feeding study (DeLacy, principal investigator),
the information on population abundance and biomass of pelagic fish can be
used to estimate cropping of the zooplankton populations in the pelagic area.

TASK OBJECTIVES

Specific objectives were as follows:
1) to estimate population abundance and biomass at specific time
intervals for each pelagic species, and
2) to estimate production, mortality, and growth rate for each
pelagic species during the intervals bound by the sampling dates.

METHODS

Biological sampling was conducted at bimonthly intervals in conjunction with
sampling for the "Feeding Ecology and Food Habits of Limnetic Feeding Fish."
Sampling times were: 7-ts March, 17-18 April, 11-12 June, 21-23 August, 26-
27 October, and 14-15 December 1972. Five areas of the lake were sampled
during each sampling session (Figure 1). Fourteen acoustical transects (Fig-
ure 1), orthogonal to the north-south axis of the lake, were made at each sam-
pling date with an acoustic data acquisition system described in Thorne (1972).
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Population estimates of pelagic fish species were estimated by acoustical
methods outlined in Thorne (1972). Species composition was estimated from
net catches with the Isaacs-Kidd midwater trawl (Isaacs and Kidd 1953) at
selected depth intervals in the five sampling areas. Population estimates
of each pelagic species and age class liable to capture in the net were thus
obtained. Total biomass of each pelagic species was estimated using weights
of fish captured in the net. Changes in biomass and population estimates
were used to provide production and mortality estimates, respectively.

Since the interval between sampling periods was short (relative to the life-
time of the pelagic fish species), mean biomass in an interval was calculated
as an arithmetic mean of the estimated biomass and the beginning end end of
of interval, assuming linear change in biomass during that period. Produc-
tion in the interval was then calculated as the product of growth rate and
the mean biomass (Chapman 1972).

DEGREE OF ACCOMPLISHMENT OF TASK OBJECTIVES

Point estimates of population abundance (Figures 2, 3, and 4) and biomass
have been calculated for all sampling dates in 1972 except December.
Average production (Figure 5), mortality rate, and growth rate estimates
for the intervals found by the sampling dates are computed for all but the
October to December interval. Analysis of the data has been facilitated by
the use of a computer program (LWOP), written to make all routine calcula-
tions associated with each estimate.

DATA STORAGE AND AVAILABILITY

Pertinent information about each trawl haul from each sampling date was
entered on Fisheries Research Institute Data Coding Form S130.1 (IBP Tow Net
and Midwater Trawl Form)., Length and weight information for all fish cap-
tured in the net hauls were recorded on Fisheries Research Institute Data
Coding Form S130.2 (IBP Fish Length and Weight Recording Form). The data,
after being punched and verified, were stored on cards. Examples of forms
5130.1 and S130.2 are appended.

Production, biomass, growth rate, mortality rate and abundance estimates are
calculated by a computer program (LWPOP). These population parameters, along
with information about the sampling dates are punched onto cards by this pro-
gram for input into the IBP data set titled "Lake Washington Pelagic Fish
Population Estimates."
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DYNAMICS OF LIMNETIC-FEEDING FISH: LAKE SAMMAMISH
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INTRODUCTION

Acoustical surveys of the pelagic fish populations aloig with trawl samples
for species composition have been shown to be a successful means of deter-
mining seasonal changes in the vertical and horizontal distribution of sock-
eye salmon in Lake Washington (Dawson 1972). Abundance, growth, mortality,
biomass, and production estimates are now being made for Lake Washington
under IBP. Acoustical surveys and trawl samples in Lake Sammamish were
conducted in 1972 with the hopes of gaining similar insight.

The known occurrence of kokanee in Lake Sammamish--approximately 1,000 ko-
kanee spawned above the Issaquah Creek hatchery weir in August of 1972--
led to stream surveys of adult migratory sockeye (only 47 spawned above
the wier in 1971) and downstream migrating kokanee fry. It was hoped that
some insight may be gained between the proportion of sockeye and kokanee
in Lake Sarnmamish.

TASK OBJECTIVES

Specific objectives were as follows:
1) Seasonal vertical and horizontal distribution of sockeye salmon.by
age group;
2) Seasonal abundance, growth, mortality, and biomass estimates of
sockeye salmon by age group; and
3) Proportion between sockeye salmon and kokanee of the same year class.

METHODS

Acoustical Surveys

Lake Sammamish was divided into 5 areas each containing at least two tran-
sect subareas (Figure 1). Acoustical surveys were conducted at night monthly
to bimonthly from February through October using the portable hydroacoustic
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data acquisition system described by Thorne, Nunnallee and Green (1972).
Four 6-m depth intervals from 6-30 m were chosen for analyzing seasonal
vertical changes. The surface to 6 m interval was omitted due to the low
acoustic sampling volume within this range, and to the presence of surface
noise in the system. This exclusion resulted in a loss of 32.3 per cent of
the total lake volume, but appeared critical only for the June survey.

Trawl Surveys

Two-boat townetting was planned at night in conjunction with the acoustical
surveys for species composition. Prior to September a net with a 6-ft x 6-ft
mouth opening was used, but in September a net with a 9-ft x 9-ft mouth
opening was purchased. The net was towed between two 16 ft boats at the
depths of maximum concentration as depicted on echograms. All sampling was
confined to areas I and 11 (the deepest section of the lake) except in Octo-
ber, when the entire lake was sampled. Tows ranged from 30-60 min in dura-
tion due to the low densities encountered.

Samples were preserved in 10% formalin and were weighed and measured 30 days
after capture.

Adult Sockeye Salmon Survey

The East Fork of Issaquah Creek was surveyed from 3 October through 24 Octo-
ber at weekly intervals and from 24 October through 21 November at biweekly
intervals. From the mouth of the East Fork to the Burlington Northern Rail-
way Bridge, spot checks were made at selected points. This portion of the
creek is located within the town of Issaquah. From the railway bridge up-
stream for 1.5 - 2.0 miles, a complete survey was made on foot. This area
encompassed the major part of the creek used for spawning.

All fish sighted were recorded on maps to give a visual picture of areas of
preferred spawning.

Kokanee Fry Survey

Kokanee spawn in Issaquah Creek in August--two months earlier than the migra-
tory sockeye. It was assumed that kokanee fry would leave the gravel earlier,
and that the timing of kokanee fry downstream migration may be completely
distinct from that of the sockeye fry. The study was to continue through
March 1973, but problems in sampling during high water (on 18 December) made
continuance impractical.

The kokanee fry were captured in a plankton net mounted to a 3 foot 7 inch
by 6 foot 1 inch frame hung from a foot bridge near the mouth of Issaquah
Creek in Lake Sammamish State Park. Three half-hour sets at 6:30 p.m.,
7:30 p.m., and 8:30 p.m. were made twice weekly from 27 November through
11 December.
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RESULTS

TrawZ Surveys

The trawl surveys would indicate that the primary pelagic fish are sockeye
salmon and cottids (Table 1). Forty-three of the 47 cottids caught in
February were associated with tows that hit the bottom. The appearance of
62 cottids in July in two 30-min tows and only 1 cottid in nine tows for a
total of 7-1/4 hr sampling time in September and October, therefore, rules
out cottids as an important species in the pelagic zone at least most of
the year.

Prior to October only two kokanee (or residual sockeye) were caught, but
in October two age 1+, two age 2+, and one age 3+ kokanee were caught,
indicating less selectivity of the larger net. Also 14 age 2+ residual
chinook were caught (4 in July and 10 in October).

The low catches resulted from low densities of pelagic fish. Abundance
estimates in December 1971 and February 1972 indicate a density of approxi-
mately 0.7-1.2 fish/1,0003. These densities are 1/3 to 1/2 of the density
found in Lake Washington during the same winter months.

Table 1. Catch statistics of trawl surveys

Sockeye Chinook
Date Ag e0 Age Age 2 Age 3 Age 2 Cottids Other

February 20

March 30

July 25 12

August 24 1

September 19 29

October 31 35

55

2 1 10

47 2 Perch
1

62

I Lamprey

Acoustic Surveys

Due to the weaknesses of the trawl data, information on age distribution
must be gained through other means. Target strength analysis of the
acoustical data may allow counting different size groups of targets, repre-
senting the various age groups. This type of analysis has not been completed
on any of the 1972 acoustical surveys, but will be completed by June 1973.

Data on temperature, dissolved oxygen, and light have een made available
through the Civil Engineering Water Quality group. This will be used to
help explain the seasonal changes in the sockeye and kokanee vertical
distribution.
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Adult Sockeye Salmon Survey

R. Walter Williams (personal communique), fishery biologist for the Washing-
ton Department of Fisheries, stated tagging studies on the Cedar River have
shown that the total stream life of sockeye salmon averages 2 weeks. If this
pattern occurred in the Issaquah Creek drainage, their biweekly surveys would
give the instantaneous number of fish present. Using this method and extra-
polating for incomplete surveys, they projected a total of 1,064 spawning
sockeye salmon above the railway bridge.

Analyzing the data the same way starting with 10 October, a total sockeye
population above the railway bridge of 1,023 fish was estimated.

Only 44 sockeye salmon passed through the hatchery weir in 1972, whereas
approximately 1,000 kokanee passed through it. No information on numbers of
kokanee spawning in the East Fork is available.

Kokanee Fry Survey

The kokanee fry started migrating before 27 November and appeared to have
stopped by the end of December. The peak was measured on 30 November but
this may be a result only of the cold water temperatures in December re-
pressing the run until later when high water would not allow proper sampling.
The velocity through the sampling area (net opening) was assumed identical
to that in the river. Extrapolating average catches in the sample volume
to the stream volume, the following results per 30-min period were obtained:

Date Average catch
Kokanee fry in stream

per 1/2 hr
November 27 9.33 83

November 30 40.67 404

December 5 6.33 64

December 8 .90 8

December 11 .50 4

This would indicate.a large number of kokanee fry entering the lake.
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Figure 1. Map of Lake Washington
indicating acoustic transects (-- -)
and net sampling areas ( ).
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Figure 2. Population estimates of 1971 year class of Longfin Smelt versus
sampling date. Vertical lines indicate 2a confidence intervals.
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Figure 3. Population estimates of 1970 year class of Sockeye versus samplingdate. Vertical lines indicate 2a confidence intervals.
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Figure 4. Population estimates of 1971 year class of Sockeye versus sampling
date. Vertical lines indicate 2a confidence intervals.
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Figure 5. Production estimates (kg/month * 103) for Sockeye, 1971 year class
( ), Sockeye, 1970 year class (-- ), and Longfin Smelt, 1971 year class
(- -) versus midpoint of interval bound by sampling dates.


