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ACOUSTIC ASSESSMENT OF HERRING STOCKS

IN SOUTHEASTERN ALASKA

INTRODUCTION

Acoustic techniques developed under the University of Washington Sea
Grant Marine Acoustics Program have been applied to the assessment of
herring stocks in Southeastern Alaska siflce 1971 by the Fisheries Research
Institute under contract with the Alaska Department of Fish and Game (ADF~G).
The development of the acoustic system for ADFE,G and its initial applica
tions are described in earlier contract reports (Thorne, 1971, 1972), and
the results of surveys during the third contract year in this report.

EQUIPMENT

The basic data acquisition system is described in the 1971 contract
report. Additions to the system are described in the 1972 contract
report. The general data acquisition system is also described in Thorne,
Nunnallee, and Green, 1972.

SURVEY TECHNIQUE

After routine maintenance in Seattle, the data acquisition system
was transported to Ketchikan and reinstalled aboard the M. V. Kittiwake.
Stocks were surveyed by ADFE~G personnel at various locations in South
eastern Alaska between November 15, 1972 and March 16, 1973. The survey
procedure consisted of zigzag transects over various areas with echo
sounder and tape recorder operating, both day and night. Several repli
cations were made in various areas, particularly Carroll Inlet. A total
of 50 hr of acoustic data was collected on magnetic tape.

DATA ANALYSIS

Basic data analysis procedures are described in the 1971 contract report.
Densities of herring in various schools were determined from visual estima
tion of the amplitudes of echoes from an oscilloscope (CRT). The volume
occupied by schools was obtained from school dimensions measured from either
the CRT or the echogram. The relationship between amplitude and density of
herring was determined by target strength measurements in 1972. Several
of the series of runs were independently analyzed by different individuals
for evaluation of the variability associated with the amplitude estimates
obtained with the CRT. In addition, a number of series were analyzed with
the digital echo integration system, (DDAPS), described in Moose, Ehrenberg,
and Green (1971) and Thorne (in press). The DDAPS precisely measures the
squared echo amplitude.
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RESULTS

The results of analysis of the ten runs conducted in Carroll Inlet in
December 1972 and the five runs made in February 1973 are given in Table 1.
Population estimates from the survey in February were greater than in
December, indicating recruitment to the area in the interval between the
two series; but the biomass in February 1973 was still less than the biomass
in previous years. Comparison of the results of the February series, 1973
with those of the series in 1971 and 1972 processed by CRT with the same
processor is made in Table 2. The 1971 series was a very limited survey,
consisting of only two runs across the school, and the result may be
an overestimate; nevertheless, a decreasing population over the three years
is clearly indicated.

Seven of the runs during December 1972 were analyzed by DDAPS and by
two CRT processors. One processor consistently overestimated amplitude by
about 40%; the result was an overestimation of density by a factor of two.
The second processor overestimated daytime densities but not the night time
densities. Population estimates from night series were lower than those
from day series even when analyzed by DDAPS, indicating movement outside the
survey boundaries at night.

The results of surveys in other locations are given in Table 3. Twelve
surveys were made in the vicinity of Deer Island between November 15, 1972
and February 13, 1973. Populations were much less than those encountered in
this location during the previous year. Extreme difficulties were encountered
in CRT processing because of irregularity of schools. During afternoon fish
were very near or on the bottom, and at night in shallow water near the
bottom. The highest estimate (7.32 million ibs) was obtained by DDAPS proces
sing of the data from irregular schools at mid-depth in early morning.

The results of surveys in IKatlian Bay on November 18-21, 1972 were com
parable to the results obtained in the previous year, but few herring were
encountered in the area in surveys one week later.

The largest population was encountered in Bocas de Finas, December 2—3,
1972; it is estimated from the four surveys to have been between 15.6 and
36.4 million lbs.

A further comparison of the CRT and DDAPS processing was made on the
Auke Bay surveys March 13 and 16, 1973, and illustrated the problems asso
ciated with the CRT technique although mean estimates from the three series
for the two processes were similar (3.58 million lbs on the CRT, 3.32 million
lbs on DDAPS), The CRT technique consistently resulted in overestimates of
density during the daytime survey on March 13, when schools were near bottom
(Fig. 1). In contrast, during the March 16 survey, when the fish were off
bottom and slightly dispersed but still in well-defined schools, there was
slight underestimation by the CRT technique (Fig. 2). During the second run
on March 13, conducted about dusk, fish distribution ranged from high-density,
well-defined schools at the beginning of the survey to large, irregular, dis
persed schools near the end; and the former were overestimated whereas the
latter were considerably underestimated (Fig. 3). As a consequence, the
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Table 2. Estimates of density, volume, and total abundance of
herring schools in Carroll Inlet from various transect
series during winter 1971-1973

Series Density, Volume, Population,
fish/rn3 106rn3 106 fishDate Time Run

2/15/71 Day 1 ~9.4 34.5 324
2 8.6 7.4 64

mean 9.0 21.0 194

1/16—1/20/72 Day 1 7.9 6.8 54
2 8.9 6.9 61
3 15.4 4.2 65
4 9.3 5.4 50
5 10.5 5.2 55

Night 1 0.6 41.2 25
2 0.04 39.7 1.6
3 0.012 299 3.6
4 1.0 11.2 11
5 0.8 19.1 16

Dusk 1 ‘4.9 12.0 59
2 3.6 9.5 34

Day mean 10.14 5.7 57

Relative error of daytime
observations (percent) 28.3 20.0 10.3

Nighttime mean 0.5 82.0 11.4

Relative error or nighttime
observations (percent) 91.5 148 82.3

2/1/73 Night 2.5 6.0 15
Day 1 10.4 3.2 33

2 10.4 2.7 28
3 9.6 4.3 41

Daytime mean 10.1 3.4 34

Relative error of daytime
observations (percent) 14.6 24.1 18.3
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Computer biomass estimate (1061b)

Fig. 1. Comparison of biomass estimates from CRT and DDAPS for various schools
encountered during the first survey of Auke Bay on March 13, 1973.

1.2

0.8

e

0.2 0.’~ 0.6



H

0
H

(I)

U)
U)

E
0

C)

8

o .45

0.30

0.15

0

C

0.15 0.30 0.45

Computer biomass estimate (1061b)

Fig. 2. Comparison of biomass estimates from CRT and DDAPS for various
schools encountered during survey of Auke Bay on March 16, 1973.



9

0.12
H

0
H

4~)
ct;
E
H

Cl)

U)
U)

0
H~ 0.06

C-)

0.15 0.30

Computer biomass estimate (1061b)

Fig. 3. Comparison of biomass estimates from CRT and DDAPS for various
schools encountered during the second survey of Auke Bay on
March 13, 1973.

e

a

0.L~5



10

population was underestimated and data on individual schools were poorly
correlated between the two methods.

DISCUSSION

One of the potential advantages of the use of acoustic stock assessment
techniques is procurement of timely estimates by management. However, his
torical survey data can provide valuable additional information, particularly
when only relative estimates are obtained. When absolute estimates are ob
tained, historical data can provide the insight needed for accurate decisions
to be made, especially if mortality rates may not be well defined. During the
past year acoustic estimates were obtained for the third year in Carroll Inlet
and for the second year in many other locations so that several annual esti
mates can be compared. In such comparisons consideration must be taken of
variance components from survey and analysis procedures; consequently, the CRT
technique for measuring echo amplitude as well as the effects of diel changes
in distribution were critically examined. The CRT was initially applied to
acoustic assessment of herring stocks in Alaska because of its speed and con
venience combined with an indication of the distribution of herring in large,
well—defined schools. Comparison of the results of the CRT technique with the
more precise measurements of squared amplitude obtained through the DDAPS in
dicates a fairly consistent 25-50% overestimation of echo amplitude from day
time schools and thus an overestimation of density by about a factor of two.
The consistency of the technique does lead to the procurement of a valuable
relative index. For example, estimated mean density in Carroll Inlet during
daytime in all three years was nearly constant, ranging from 9.0 to l0.~
fish/rn3, but school volume decreased considerably. Extreme difficulties were
encountered with the CRT technique under night conditions, when fish were not
distributed in regular, well-defined schools. Estimates of echo amplitude
among the three CRT operators ranged from a fairly consistent 1~iO% overestima
tion to a 70% underestimation, and the difficulties were clearly related to the
degree of dispersion and irregularity. These results, particularly the lack
of consistency, suggest that the CRT is not adequate for analysis of data
from night surveys.

Diel variability is apparent in the estimates in addition to that de
rived from the processing technique. A strong shoreward bias is noticeable
in many of the night surveys, particularly in Carroll Inlet and Deer Island.
It seems likely that fish are concentrated near shore at night, outside the
limits of the surveys, and that subsequent estimates are much too low. Un
fortunately fish are frequently on or very near the bottom during most of the
day. At Deer Island optimal survey time may be early morning, during reor
ganization of the fish into schools and before complete downward migration.
The irregularity of schools during this time necessitates use of an inte
grator rather than the CRT,

Acoustic assessment may not be possible in some areas because of non
pelagic distribution, An example is Ward Cove, where fish are definitely
bn the bottom during day and are probably near shore at night.
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Acoustic estimates in 1973 are based on target strength measurements
in 1972. The relationship is tentative; it provides a good relative index,
but more detailed measurements must be made before it can be confidently
assumed to provide absolute estimates. Target strength studies on herring
in Southeastern Alaska as well as Puget Sound have been delayed, but should
be completed by the end of 1974.

LITERATURE CITED

Moose, D. H., J. E. Ehrenberg, and J, H. Green. 1971. Electronic system
and data processing techniques for estimating fish abundances. Pages
33-36 in Proc. IEEE Conference on Engineering in the Ocean Environment.

Thorne, R. E. 1971. Acoustic assessment of herring stocks in Southeastern
Alaska. Final Contract Report to Alaska Dep. Fish Game, Fish. Res. Inst.
Univ. Washington. 13 pp.

Thorne, R. E. 1972. Acoustic assessment of herring stocks in Southeastern
Alaska. Final Contract Report to Alaska Dep. Fish Game, Fish. Res. Inst.
Univ. Washington. 12 pp.

Thorne, R. E. [In press.] Digital hydroacoustic data-processing system and
its application to Pacific hake stock assessment in Port Susan, Washington.
Fish. Bull. 71(3).

Thorne, R, E,, E. P. Nunnallee, and J. H. Green. 1972. A portable hydro
acoustic data acquisition system for fish stock assessment. Wash. Sea
Grant Publ, 72—4, 14 pp.


