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HYDROACOUSTIC SURVEY OF SHUSWAP LAKE~, BRITISH COLUMBIA, CANADA IN 1976

INTRODUCTION

This report discusses results of the fifth consecutive annual hydro
acoustic survey of pelagic fish populations of Shuswap Lake, British
Columbia, by the Fisheries Research Institute, University of Washington,
Seattle, under contract to the International Pacific Salmon Fisheries
Commission. In all years the primary objective has been to provide an
estimate of the abundance and distribution of fish targets in the
limnetic zone of Shuswap Lake. It has been assumed that the stocks of
resident fishes remain stable both in numbers and distribution from year
to year so that differences in total population estimates are due primarily
to changes in abundance of juvenile sockeye salmon (Oncorhynch~.s nerk~).

The acquisition of hydroacoustic data in the field was accomplished
October 20-22, 1975, on dates which are comparable to those of the previous
surveys, l97l-l97~-.

MATERIALS AND METHODS

Data Acquisition System and Technioue

The survey was made with a Ross 200A echosounder, equipped with a
narrow beam transducer, interface amplifier, and a Sony 560D tape deck~
The system was powered by a I2VDC storage battery, with 110VAC generated
by a Toredo Model 50-200 Atlas inve~ter. The Salmon Commission provided
both a boat and operator for the survey.

The sample design remained the same as that used in earlier surveys
in Shuswap Lake and was expanded to include four transects in Little
Shuswap Lake and four additional transects in Mara Lake. The locations
of the transects in Shuswap Lake are shown in Fig. 1, and a summary of
years is given in Table 1. The system of numbering the transects is
sequential during a survey and may change from year to year, but the
transect locations remain invariant.

Analysis of the data, stored on magnetic tape, includes estimation
of effective sample volume, integration of intensities, and calculation
of absolute fish densities, population sizes, and target strengths as
discussed by Nunnallee, et al., 1973.

Fish densities were estimated for each transect and the population
sizes computed for the individual arms of Shuswap Lake, Little Shuswap
Lake, and Mara Lake. An average fish density was calculated for the lake
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Table 1. Summary of the field log for the hydroacoustic survey
of Shuswap Lake, British Columbia, Canada, in 1975

Time Corresponding transect numbers

Date Location Start Duration (mm) 1975 1974 1973 1972 1971

10/20—21 Little 2027 14 1
Shuswap 2048 16 2

2112 18 3
2140 18 4

10/20—21 Main Arm 2221 17 5 1 38 6 2
2249 14 6 2 39 8 3
2311 24 7 3 40 9 4
2345 30 8 4 41 10 5
0027 21 9 5 42 11 6
0103 31 10 6 11 12 7
0147 27 11 7 12 13 8
0232 16 12. 8 13 26 9
0258 14 13 9 li-i 25 10
0323 9 14 10 15 24 11

- - - 11 — - -

10/21—22 Seymour 1856 14 15 17 16 14 14
Arm 1918 3 16 16 17 16 15

1941 19 17 15 18 17 16
2012 13 18 14 — — —

2026 10 19 13 19,20 18 17
2049 8 20 12 21 19 18

10/21—22 Anstey 2130 13 21 30 22,23 23 23
Arm 2150 9 22 29 24 22 22

2208 14 23 28 25 21 21
2233 23 24 27 26 20 20
2259 14 25 26 37 30 19

10/21—22 Salmon 2330 20 26 18 27 29 24
Arm . 2356 25 27 19 28 31 25

0035 25 28 20 29,30 32 26
0112 20 29 21 31 33 27
0141 15 30 22 32,33 34 28
0211 11 31 23 34 35 29
0232 15 32 24 35 36 30
0300 12 33 25 36 37 —

10/21—22 Mara 0436 9 35
Lake 0457 7 36

0516 12 37
0534 10 38
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with associated variance and confidence limits. The potential egg deposi
tion was estimated in the same manner as in the previous tvo years and used
to estimate survival from egg to the fry stage of sockeye salmon in October.

Variance Estimate

Variance of the population density was derived from the cluster ~ratio
estimator” method of mean density (Harvey, et al., 1975). This method
utilizes the concept that each transect represents a cluster of readings,
each cluster being randomly chosen from the water column. Randomness is
assured despite the systematic layout of the transects because the fish
are considered mobile relative to transect location. The primary source
of low precision would then come from a small sample size or number of
transects (Cochran, 1963). However, in this case, the number of transects
or clusters,~can be said to be relatively high; therefore, the cluster ratio
estimator (R) is also an intuitively appealing estimator of mean density
since:

n
)3 N.
j=l ~

R n
~3 V.
j=l ~

where = mean density

N. = the number of fish targets in the jth transect

V. = the volume surveyed in the jth transect

And for the entire population:

E(N.) = S V.

for n given 5 then the ratio estimator is unbiased (Cochran, 1963). An
estimation of the variance of the cluster ratio estimator is given by:

Var(~7)~ 1 ~‘ 2
R . Z (N.-Rv.)

(Z V~)2 (n-i) j=l ~ 3
j=l ~

In order to calculate the variance of the cluster ratio estimator it was
necessary to first compute the sampled volume and the number of fish
targets for each transect. A summary of the data is given in Table 2.

The sampled volume, Vi, for each transect was derived by computing
the effective sample volume of the transducer and moving this cone over
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Table 2. Summary of the data used in calculation of cluster ratio
density estimate and asscciated variance

Sample volume
~ excluding Number of

Number of Total sample bottom (m3) fish in
Location Transect pings volume (m3) (V1) (N1)

Little 1 1630 413950 41268 217
Shuswap 2 1808 459155 56182 ‘412

3 2165 549817 116993 97
4 2225 565055 8281 52

5 1971 500550 322375 1446
6 1715 435537 154903 1792
7 2923 742318 521950 8074
8 3612 1774
9 2516 3195

Main Arm 10 3527 895707 671857 10950
11 3065 778379 592051 5035
12 1580 401252 344301 2718
13 1643 417252 389926 2156
14 1552 394141 370444 1088

15 1273 323287 181166 545
16 498 126470 87101 79
17 2252 571912 536932 914
18 1334 338779 313869 976
19 1297 329382 306555 974

Seymour—Anstey 20 845 214594 207938 547
Arms 21 1303 330906 280125 239

22 945 239989 208521 192
23 1535 389824 276651 378
24 1711 434521 407798 2258

25 1404 356556 311381 555
26 2361 599593 566362 893
27 2879 731143 696724 3133
28 2434 618132 595061 12715

Salmon Arm 29 2366 600863 491364 ‘1422
30 1743 442647 379554 4463
31 1218 309320 252143 3562
32 1655 420299 264012 885
33 1142 290019 69587 723
34 1684 427664 292’i66 2578

Mara Lake 35 1108 281384 118679 1395
36 805 204435 86487 2971
37 1480 375857 115600 3301
38 1458 370269 96891 1118

ZV~1.l7x1O7 ~N188827
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Table 2. Summary of the data used in calculation of cluster ratio
density estimate arid associated variance -~ continued

n
Z N~

j1 = 88827 fish = 759xl03 fish/rn3

l.17x107 rn3~ vi
j =1

n
1 -~

___ n (N -RV)2

Var ~ ~ L (n-l)z V. I
~i=l ~ J

1 ____ (l.98xl 8 fish)

(l.17x107m3)2 (38—1)

l.49x106 fish/rn3

I



7

the length of the transect in question. The resulting volume for each
transect was then corrected for bottom interference by determining thq
proportion of total possible vertical samples taken by the integrator.

The number of fish targets, N1, in the jth transect were derived
from the density estimates per unit volume given in the computer output
of Appendix A and B. Assuming that the distribution of fish over a given
transect is homogeneous, the resulting numbers of fish calculated for
that transect would be very near the actual numbers present.

Population Estimates

Separate estimates were made of the fish populations in the Main Arm,
the Seymour-Anntey Arms complex, and in the Salmon Arm, as well as in two
small adjacent lakes, Littlc Shuswap Lake and tiara Lake • Two transects,
8 and 9, were analyzed by visual oscilloscope counts of targets above a
threshold referenced to a noise level of 0 • 016 volt peak at 75 ms or
an equivalent depth of 54.9 m. These counts were then used to develop
functional regression equations between absolute counts and relative
integrated values of the same transect. These equations were then used
to convert relative densities obtained from the integrator into absolute
densities for the remainder of the lake • The resulting estimates were
then extrapolated over the surface area of each section of Shuswap Lake,
Little Shuswap Lake, and tiara Lake bounded by the 18 m depth contour line.
The results for the years 1971-1975 are tabulated in Table 3.

RESULTS

Fish Densities

Estimated fish densities ranged from 0.950 to 116.201 fish/are (100 m2),
a considerably wider range than has been observed in past years (Table 4).
Appendix A contains the average number of fish/are and the average number
of fish/bOo m3 throughout the water column for the two shallowest depth
strata extendinis from 4-11 m and from 11-18 m. The total number of fish/are
for the two strata combined are likewise listed. Transects 8 and 9 were
each divided into several segments for the purpose of analysis. Appendix B
contains the same information for the remaining seven depth strata. Due to
a TVG and integrator calibration coefficient anomaly which occurred during
the integration phase of data analysis, it was necessary to perform a
separate functional regression on the upper two strata independent of the
remaining seven strata.

It was necessary to normalize the mean densities within each contiguous
section of the lake due to variability in transect length. This procedure
had not been employed in the 1971 survey, therefore, those standard means
were converted to normalized means for comparative purposes. The equation
for normalizing density follows:
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Table 3. Estimated fish populations in Shuswap Lake, British
Columbia, Canada, by statistical areas, in October
of 1971, 1972, 1973, 1974, and 1975

Population estimates (X 106)

Area 1971 1972 1973 1974 1975

Little Shuswap Lake — 1 2.09 2 — 1 0.819

Main Arm, Shuswap Lake 21.98 7.08 2.94 3.69 18.629

Seymour—Anstey Arm,
Shuswap Lake 5.80 7.63 1.73 1.97 5.855

Salmon Arm, Shuswap Lake 13.90 21.13 2.86 3.25 30.809

Mara Lake - 1 - 1 - 1 - 1 6.186

TOTAL Shuswap Lake 4l.70~ 37.93 7.53 8.91 62.298

1No survey.

2Negligible number of fish seen on echograms.

3Revised population estimates.
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Table 4. Mean numbers of fish/are observed in Shuswap Lake,
British Columbia, in October of 1971, 1972, 1973,
1974, and 1975

Transect Mean number of fish/are
number Area 1971 1972 1973 1974 1975

1 Main Arm 70.60 5.35 1.03 12.61 12.38
2 75.00 17.25 1.80 18.59 12.92
3 26.70 5.J9 6.21 10.38 50.43
4 56.30 4.35 2.03 13.02 3.72
5 25.60 5.68 1.93 7.72 6.74
6 27.80 8.44 3.61 8.18 102.16
7 8.80 5.94 1.34 8.03 44.47
8 9.10 7.72 1.66 8.36 21.65
9 19.40 6.58 5.22 9.69 16.51

10 14.60 6.65 5.84 4.19 8.14
11’ — - - 5.14 -

12 Seymour Arm 17.60 10.19 1.23 6.45 5.64
13 12.40 13.12 3.56 7.11 1.00
14’ 24.50 12.69 2.21 8.03 10.91
15’ - - - 7.89 11.49
16 25.20 6.88 1.95 3.72 11.35
17 12.40 8.07 4.10 6.18 6.36
18 Salmon Arm 26.00 26.10 4.16 25.48 5.19
19 37.30 16.82 1.56 15.69 8.14
20 21.60 22.80 3.17 11.01 28.60
21 24.90 23.88 3.38 14.21 116.20
22 16.00 28.89 3.26 7.97 43.59
23 15.00 25.73 2.34 7.13 42.62
24 24.90 18.80 2.34 11.36 33.38
25 -- 19.2~ 2.78 10.55 4.05
26 12.40 14.26 3.10 5.14 23.45
27 Anstey Arm 10.60 11.34 2.28 8.35 2.85
28 7.70 8.92 1.26 8.21 2.31
29 6.60 7.87 2.48 7.35 4.44
30 6.60 10.13 1.62 11.35 26.23

‘Replicate of previous transect.
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n
1

Norm. a j1 p
max.

where:
p Normalized mean densityNorm.

P. = Standard mean density in the jth transect

p. = Sonic transmissions in the jth transect

~Max = Maximum numbers of sonic transmissionsin the contiguous section

The resulting total population estimate for 1971 was reduced approxi
mately 35 percent as a result of the normalizing procedureS This intuitively
follows if one compares the results over the five year period 1971—1975
which are plotted in Fig, 1.

Variance and Confidence Limits

The mean density (YR) calculated from the cluster ratio estimator
method described in an earlier section was found to be 7. 59x103 fish/rn3
with ~:n associated variance of l.~9xlO6 fish/rn3 for Shuswap Lake, Mara
Lake, and Little Shuswap Lake, combined (Table 2). The depth of interest
used for this analysis was approximately 69 m, The volume considered
accounts for approximately 42 percent of the total lake volume or 8.21 x
l0~ m3 while approximately 0.14 percent of this volume was sampled during
the survey or about 1.17 x l0~ m~.

Confidence limits were computed at the 95 percent level for the popu_a
tion mean density by the normal approximation using the ~o11owing probability
statement:

- l.96~~R) <~=~ + 1.96 /Var(~R) ] =

j=l ~

The resulting confidence limits on the mean fish density (fish/rn3) estimate
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were:

~‘ ~ x j03. ~ 7.59 x lO~ < 9.98 x lO~} = .95

These limits represent a spread of approximately ± 31 percent as might be
expected by the variability in densities throughout the lake (Fig. 1).

Survival Estimates

An estimate of survival from egg to fry stage in October was computed
as in the~past years. Next a constant resident fish population estimate
was subtracted from the total acoustic population estimate, which gives an
estimate of th~ number of salmon fry present in the lake (Table 5).

It has been assumed that the resident fish population remains fairly
constant from year to year. As a result of the very small salmon escape
ment in 1972, the acoustic population estimate the following year was con
sidered close to that of the resident fish population. Assuming a 5 per
cent survival from egg to fry stage in October, next year under these low
populations, this resulted in a resident fish population estimate of 6.89
million and a juvenile sockeye salmon population estimate of Q~5L[ million
(Table 5). If such a resident fish population estimate is deducted from
the acoustic estimates for all years surveyed, one can estimaLe the survival
from egg to fry stage in October ~or those years, as was done iii the above--
mentioned table.

The extremely low survival in l970--7 was at first thought to have
been the result of unfavorable envircmnental conditions as was observed in
Alaska and elsewhere. However, since we again observe a low survival this
year of approximately 2.O’l percent, an alternate explanation is that these
two estimates reflect the limits of the carrying capacity of the nursery
area.

The effect of parental stock density upon recruitment is seen to he
density dependent and an appropriate recruitment curve is of the form:

-bS
R = aSe

where,

S = size of parental stock (spawners)
R = number of recruits (progeny)

a and b parameters related to S

The parameters of the log transform of the original equation were
estimated utilizing a preprogrammed routine, program No. FRO 312, for
weighted linear regression (Dahlberg, 1968) with the female sockeye
salmon escapement in the year i assumed to be the independent variable.
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A summary of the output may be found in Appendix C as well as a plot of
the log transformed line from the equation:

in (R/S) = in a - bS

It should be noted that, despite a high level of correlation in the data
(.9568), we are only considering three of the five points since the
points for 1973 and l971~~ are so near the origin. Therefore, although we
have been able to get an unusually good fit utilizing a compound-expo
nential type model (Fig. 2), more variability is expected with inclusion
of additional data.

Target Strength Analysis

Target voltage measurements as described by Nunnallee, et al,, 1973
were made on 33L1 targets in a depth range of 3O—~1O mc (2l.9—29~3 m)
and on 238 targets in a depth range of 1~O~5Q ms (29.3-36.6 m). The
method of Craig and Forbes (1969) was used to convert the apparent
target strength data to relative frequencies based on the directivity
pattern of the transducer utilizing program No. FRT 3~O (Traynor, 1973),

Appendix P contains the results of the target strength analysis. The
reJative frequencies show a bimodal distribution of re~get strengths
which may indicate two distinct size classes of fish (Fig. 3). The —37
to —31 decibel range would seem to represent the majority of fish present
in the water column, name]y sockeye salmon.
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Fig. 2. The relationship of the number of spawning female
sockeye salmon to the number of fry surviving in
October the following year.
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APPENDfl A
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APPEEDK B

Numbers of £5 sb/are and tish/lOJO in3 of
the w&ter coluni within the bottcn seven
dopth strata of each transect of Skuawap
Lskn, British colunibit, Canada, 19$
bydroacoustic survcjr.
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