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HYDROACOUSTIC SURVEY III OF S1{USWAP LAKE, BRITISH CQLUMBIA, CANADA

INTRODUC ION

Reported herein is the third consecutive annual hydroacoustic survey of
the fish population of Shuswap Lake by the Fisheries Research Institute,
University of Washington, Seattle, under contract with the International
Pacific Salmon Fisheries Commission. The field work was completed in two
parts: Cl) the upper half of the Main arm of Shuswap Lake and the Seymour,
Anstey, and Salmon arms were surveyed on the nights of 5, 6, and 7 October
1973; (2) the lower half of the Main arm was surveyed on the night of
21 October 1973. The dates are comparable to those of the 1971 and 1972
surveys. The primary objective was to acquire permanent records of fish
abundance, distributions, and target strength measurements. Since the juve
nile sockeye salmon in the lake were the progeny of a very small escapement,
an estimate, or an upper bound, of the population of resident fish was
derived.

MATERIALS AND METHODS

Field Observations

The boat used in 1972 was made available again by the Salmon Commission.
The data collection system and the sampling design were the same as in the two
previous surveys. The locations of transects are shown in Fig. 1, and a sum
mary of the field log is given in Table 1. The transects were numbered con
secutively in the order in which they were run. The magnetic tape recordings
from Little Shuswap Lake were lost, but the echograms indicated the occurrence
of very low densities of fish, hence a resurvey was not considered worth the
time and fuel necessary.

Analysis

Analysis was conducted as described previously in Nunnallee et al., 1973,
including estimation of beam dimension, echo integration, and calculation of
fish densities, population sizes, and target strengths. The analysis is of
special interest when considered in conjunction with the analyses for the two
previous surveys since the juvenile sockeye salmon in the lake during the
three survey years were progeny of a peak spawning run, a moderate run, and a
very low run, respectively.

From the number of spawners in each year and their average fecundity, the
potential egg deposition was estimated. On the basis of this information, the
survival from eggs to fry in the first part of Octoberwas computed. The pop
ulation size in 1973, when the lowest density of salmon fry was observed, can
serve as a baseline in future surveys. As in the two previous years, the den
sities of fish in all transects and the sizes of populations in all arms of
Shuswap Lake were estimated. Target strength analysis was conducted, and the
mean lengths of fish in the Main, Seymour, and Salmon arms were calculated.



/
F

ig
.

1
.

L
o

ca
tio

n
s

o
f

tr
a

n
s
e

c
ts

an
d

co
rr

e
sp

o
n

d
in

g
m

ea
n

nu
m

be
rs

o
f

fi
s
h

/a
re

o
b

se
rv

e
d

d
u

ri
n

g
th

e
h

yd
ro

a
co

u
st

ic
su

rv
e

ys
o

f
S

hu
sw

ap
La

ke
in

19
71

..
1

9
7

2
.

an
d

19
73

.
‘T

he
tr

a
n

s
e

c
t

nu
m

be
rs

a
re

th
o

se
us

ed
in

19
73

S
H

U
S

W
A

P
LA

K
E

T
R

A
N

S
E

C
T

S
A

N
D

FI
S

H
D

E
N

S
IT

IE
S

O
C

T
.

1
5

7
1

.1
5

7
2

,9
7

5

*
0

F
IS

H
/

1
0

0
,4

2
2

0

S
U

R
F

A
C

E
A

R
E

A
4

0
0

0

71
1

2
1

1

r~
3



3

Table 1. Summary of the field log, hydroacoustic survey of Shuswap
Lake, British Columbia, Canada, in 1973

Time Corresponding transect numbers
Date Location Start Duration (rain) 1973 1972 1971

10/21—22 Main arm 2015 10.5 38 6 2
2045 15.1 39 8 3
2110 23.5 40 9 14

2145 22.5 111 10 5
2250 20.2 142 11 6

10/4—5 Main arm 0350 30.1 11 12 7
0450 23.1 12 13 8
0530 15.1 13 26 9
0555 12.7 114 25 10
0620 10.2 15 24 11

10/5—6 Seymour 2006 13.2 16 14 14
arm 2030 4.0 17 16 15

2045 19.3 18 17 16
2120 12.5 19 18 17
2132a 11.2 20 —— ——

2155 13.2 21 19 18

Anstey 2230 18.9 22 23 23
arm 2250a 19.3 23 —_ ——

2325 13.3 24 22 22
2345 8.5 25 21 21
2405 12.6 26 20 20

10/6—7 Salmon arm 2000 16.7 27 29 24
2030 12.9 28 31 25
2055 16.6 29 32 26

16.0 30 -— —-

2140 11.0 31 33 27
2208 16.1 32 34 28
2225a 16.0 33 —— ——

2300 21.0 34 35 29
2350 24.6 35 36 30
0040 19.0 36 37 ——

0120 13.7 37 38 19

aRli~ of previous transect.



RESULTS

In 1973 the densities of fish ranged from 1.03 to 5.8~i fish/are (100
significantly greater densities occurred in the two previous years. In Appen
dix A the numbers of fish/are and fish/l000 m3 of the water column are given
for nine depth strata within each transect of the 1973 survey. The mean num
bers of fish/are by transects are summarized in Fig. 1 for 1973 and are given
with the corresponding values for 1971 and 1972 in Table 2.

Fish Population Estimates

For the 1972 and 1973 surveys the population of fish in each of the
three statistical areas of Shuswap Lake——Main arm, Seymour—Anstey arm,
and Salmon arm--was estimated by expansion of the mean number of fish/are
over the surface area of each section bounded by the 18—rn depth contour
line. Only an occasional fish was observed, either by eye or by echo
sounder, in shallower depths during any of the three surveys. The popula
tion in 1971 was estimated by expansion of the mean density of fish/are
for the entire lake over the total surface area. This population estimate
was revised in 1973 by calculation of the mean density of fish/are in each
statistical area, rather than the lake as a whole, and by expansion of these
values over the redefined surface areas. The lake surface area and, con
sequently, the 1971 population estimate was reduced by about 10 percent
(Table 3).

Table 3. Estimated fish populations in Shuswap Lake, British
Columbia% Canada, by statistical areas, during the
1971, 1972, and 1973 surveys

Population estimate (X 106)
Area 1971 1972 1973

Little Shuswap Lake 2.09

Main arm, Shuswap Lake 32.05 7.08 2.9~

Seymour—Anstey arm, Shuswap Lake 9.73 7.63 1.73

Salmon arm, Shuswap Lake 21.92 21.13 2.86

TOTALS 6370c 7.53

~No survey.
flegligible number of fish seen on echograrns.
Revised population estimates.
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Table 2. Mean numbers of fish/are observed in Shuswap Lake, British
Columbia, during the 1971, 1072,and 1973 hydroacoustic
surveys

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

38 Main arm 70.60 5.35 1.03
30 75.00 17.25 1.80
LW 26.70 5.19 6.21
41 56.30 4.35 2.03
42 25.60 5.68 1.93
11 27.80 8.44 3.61
12 8.80 5.94 1.34
13 9.10 7.72 1.66
14 19.40 6.58 5.22
15 14.60 6.65 5.84
16 Seymour arm 12.40 8.07 4.10
17 25.20 6.88 1.05
18 24.50 12.69 2.21
19 12.40 13.12 3.56
20a -— 3.67

21 17.60 10.19 1.23

22a Anstey arm 6.60 10.13 1.6223 —— —— 2.23
24 6.60 7.87 2.48
25 7.70 8.02 1.26
26 10.60 11.34 2.28
27 Salmon arm 26.00 26.10 4.16
28 37.30 16.82 1.56
29 21.60 22.80 3.17
30a —— -- 3.18

31 24.90 23.88 3.38
32 16.80 28.89 3.26
33a —— —— 3.63

34 15.00 25.73 2.34
35 24.90 18.80 2.34
36 —— 19.20 2.78
37 12.40 14.26 3.10

aReplicate of previous transect.
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Sockeye Salmon Fry and Resident Fish Population Estimates

A point of particular interest in Table 3 is that an apparently stable
population of fish was observed in Salmon arm in 1971 and 1972. The fish
could not have been kokanee since the number of kokanee spawners necessary
to produce the number of fry indicated (21 million) had not been observed
in the area. fleither could they have been nonsalmonids, since no large num
ber was indicated by the towt net catches. A reasonuble explanation is that
the fish were juvenile sockeye salmon emigrants from the major spawning areas
adjacent to the ~1ain arm of the lake.

If a 5—percent survival of the 1973 age group of juvenile sockeye
salmon from egg to fry in early October is assumed, the population of
sockeye salmon fry in the lake can be estimated directly. The resident
fish population can then be estimated by subtraction of the juvenile salmon
population from the total fish population. If one further assumes that this
size had been relatively stable and subtracts the estimate from the total
population estimates of the two previous years, one obtains estimates of the
salmon populations in 1971 and 1972 (Table 4). The relationship of the num
ber of female sockeye salmon in the escapement to the number of fry surviving
to early October is shown in Fig. 2. The pronounced lower survival of the
1970 progeny of fry can be traced either to the higher population density or
to unfavorable environmental factors or to a combination of both.

Table 4. The derivation of a sockeye salmon spawner-recruitment (fry)
survival curve and of a resident pelagic fish population es
timate for Shuswap Lake, British Columbia, Canada, 1971,
1072, and 1973

Year of observation
1970 1971 1972 1973

Available female sockeye salmona ~49 818 167,887 3,583

Potential egg depositions(X 106)b 3,025.4 597.7 12.8

Population estimate (x 106)C 63.7 37.93 7.53

5-percent egg survival (X 106) 0.64

Resident fish population estimate
(x l06)d 6.89 6.89 6.89

Sockeye fry population estimate
(x 106) 56.81 31.04 0.64

Eggs/fry 53.25 19.25 20.00
. ePercent survival 1.9 5.2 5.0

aFemale sockeye salmon escapement from Annual Report of mt. Pac. Salmon Fish.

bComm., for the years 1070, 1971, and 1972.
0~’age fecundity 3,560 eggs (Op. cit.)

dDerr~~~ by hydroacoustic techniques.
Assumed stable through 1971, l972,and 1073.

esurvival of eggs to fry in early October of following year.
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Depth, Target Strength, and Size Distributions of Fish

Three transects of the 1973 Shuswap Lake survey——number 40 in the Main
arm, number 19 in Seymour arm, and number 32 in Salmon arm--were chosen for
target strength analysis because of their proximity to areas townetted by
members of the International Pacific Salmon Fisheries Commission (Fig. 1).
Four depth strata, 19—26, 26—33, 33—40, and LFO_48 m, were chosen for analy
sis, corresponding with the depths of the net hauls. The depth distribu
tions of the fish in the three arms of the lake and the analyzed depth
strata are shown in Fig. 3. V

The ‘technique of target stremgth analysis used has been described by
flunnallee et al., 1973. Target strength was converted to fish size through
the following equation (McCartney and Stubbs, 1971):

TS 24.5 Log10 L(’) — 4.5 Log10 A — 21.9,

where L fish length expressed in meters,
A wave length, in meters.

The distributions of target strength measurements for the three analyzed
transects and for all depths combined are shown in Fig. 4~ Superimposed on
the target strength distributions are the target strength frecuency distrihu~
tions calculated from the observed lengths of fish in the tow net catches.
The resulting target strength distributions are wider than would be expected
from the size distributions of fish in the net catches (Fig. 4). The dif
ference is due to a large amount of variability associated with the tow-
netting, such as net selectivity. Because of the variability, the mean
target strength of the distribution is more meaningful than its spread.
In one instance, transect 19, a double mode was observed in the distribu
tion, and the mean of each was calculated. The mean target strengths of
fish in the analyzed transects, the corresponding lengths of fish, and
the mean lengths of fish from adjacent tow net hauls are given in Table 5
for transects 40, 19, and 32.

Table 5. Mean target strengths of fish, corresponding lengths of
fish, and mean lengths of fish from adjacent tow net hauls
for transects 40, 19, and 32

Mean fish length Mean fish length Number of fish
Transect (aD) (calcula.ted)(mm) (observed) (mm) in net catch

40 —47.5 36.5 66.0 30

19 —35.3 115.0 70.0 3

—56.0 16.4

32 —36.0 107.7 106.0 6
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The low correlation between the fish sizes indicated by target strength
analysis and the sizes observed in tow net hauls is due in part to the rela
tively small samples of fish that were caught, but in the main to the tech
nique of target strength analysis that was used.
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APPENDIX A

Numbers of fish/are and fish/1,000
of the water column within nine depth
strata of each transect of Shuswap
Lake, British Columbia, Canada, 1973
hydroacoustic survey
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