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Abstract

The results of an acoustic survey of the White Bay-Notre Dame Bay and

Bonavista Bay-Trinity Bay herring stock complexes, conducted during the fall of 1990,
are presented. Integrated density estimates were calculated using a 120 kHz
hydroacoustic system, along a series of randomly selected parallel transects within
each stock area. A target strength/fish length relationship calculated from net
enclosed herring in Smith Sound, Trinity Bay was used for the conversion of
backscattering to biomass. This relationship was then also used to convert
backscattering to biomass for previous acoustic surveys conducted in 1988 and 1990.

Résumé

Le présent document expose les résultats d'un relevé acoustique des zones de
stock de hareng des baies de White-Notre Dame et de Bonavista-Trinity au cours de -
1’automne 1990. Les estimations de densité intégrées ont été établies & 1’'aide d'un

- systéme
zone de
d’apres
servi a
utilisé
relevés

hydro-acoustique de 120 kHz le lon de bandes paralléles situées dans chaque
stock. Un rapport entre 1'effecti§ visé et la longueur du poisson établi
des prises de hareng au filet dans le détroit Smith, baie de Trinity, a
convertir la rétrodiffusion en biomasse. Le méme rapport a ensuite été

pour convertir également en biomasse la rétrodiffusion obtenue dans les
acoustiques effectués en 1988 et 1990.



Introduction

Acoustic herring surveys have been conducted annually since 1983 to estimate the
biomass of herring stocks within the Newfoundland Region. Prior to 1987, surveys were
conducted using sonar and sounder to map schools and to estimate biomass (Wheeler and
Chaulk 1987). Since then, a 120 kHz dual beam hydroacoustic system has been used to
obtain integrated density estimates along acoustic transects (Vheeler et al. 1988,
1989, Wheeler 1990).

Due to the large distributional area of the five herring stock complexes assessed
vithin the Newfoundland Region, it was decided in 1988 that acoustic surveys of the
three northern stocks, (White Bay-Notre Dame Bay, Bonavista Bay-Trinity Bay, and
Conception Bay-Southern Shore) and the two southern stocks, (St. Mary’s Bay-Placentia
Bay and Fortune Bay) (Fig. 1) would be conducted on an alternate fiscal year basis.
The two southern stocks would be acoustically surveyed during the winter (January to
March) when the herring are aggregated in overwintering concentrations. As ice cover
precluded surveying the northern stocks during the winter, it was decided to survey
these during the fall (October to December) as the herring migrate into the bays to
overvinter.

This paper documents the results of an acoustic survey of the two northern stocks
conducted from October 18, 1990 to November 29, 1990 (fiscal year 1990-91). Prior to
1990, the last acoustic survey of these two stocks was conducted during the fall of
1988 (Wheeler et al. 1989).

Acoustic Survey Design

The survey commenced at Cape Bauld in White Bay and terminated at Grates Point in
Trinity Bay. A BioSonics 120 kHz dual beam hydroacoustic system was deployed from the
R.V. SHAMOOK during the survey. The R.V. MARINUS, equipped with a herring purse seine,
was attendant during the entire survey to collect biological samples. In addition, the
R.V. SHAMOOK was equipped with a midwater trawl to provide extra sampling capability.
An experienced commercial purse seine fisherman was hired under contract. and was aboard
the MARINUS for four weeks during the survey to aid the crew in detecting herring
concentrations and in setting the purse seine. This was in response to a CAFSAC
research recommendation that measures be taken to improve the efficiency of the MARINUS
in collecting biological samples by purse seining in these surveys:

Each of the two stock areas was divided into low, medium, and high density strata
based upon distributional patterns observed during previous surveys. White Bay-Notre
Dame Bay was divided into 25 strata (Fig. 2-8) and Bonavista Bay-Trinity Bay into
21 strata (Fig. 9-15). It was decided prior to the survey to allocate sampling
intensity (total transect length) on a 3:2:1 ratio between high, medium, and low
density areas, respectively. The survey design was the same as in previous acoustic
surveys (Wheeler et al. 1989, Wheeler 1990).



Biological Sampling

Herring were caught in fifteen sets during the survey (Table 1). Sampling was
good in Bonavista Bay and average to poor in other areas: In Vhite Bay-Notre Dame Bay,
herring were detected in twelve strata and sampled in five strata which accounted for
60% of the biomass estimate., However, all fish sampled were of the 1990 year-class.

In Bonavista Bay-Trinity Bay, herring were sampled in two strata only. However, these
strata accounted for 87% of the biomass estimate and the samples from these strata also
consisted of both immature and mature fish.

To calculate mean fish lengths and weights, by stratum (Table 2), necessary for
the fish length-target strength per kg relationship and for estimating population
numbers at age, a combination of research samples and commercial samples was used. The
commercial samples were obtained from purse seine vessels fishing in the respective
strata at the time of the acoustic survey. It was impossible to use this method for
White Bay-Notre Dame Bay; only age O fish were caught in research samples whereas the
commercial catch was multi-aged. There was no valid method to weight research and
commercial samples. As this affected both the calculation of target strength per kg
and population numbers at age, neither a biomass estimate nor a population age
- structure could be derived for White Bay-Notre Dame Bay from the acoustic survey.

A biomass estimate and population age structure were derived for Bonavista Bay-Trinity
Bay vhere there were adequate research samples with comparable age distributions to
commercial samples.

In Bonavista Bay-Trinity Bay (Fig. 16), the 1987 and 1982 year-classes of spring
spawners represented  60% and 17% of the population estimate, by number, respectively.
The 1990 year-class, which was evident in White Bay-Notre Dame Bay, was not observed in
Bonavista Bay-Trinity Bay.

Acoustic Data Analysis
1) Species Identification

The same process was used as in previous acoustic surveys (Wheeler et al.
1989, Wheeler 1990), to identify herring concentrations along transects for
inclusion in data analysis. Of the 147 schools detected during the survey
(Table 3), most (58%) were identified as herring.

2) Hydroacoustic Calibration During 1990 Acoustic Survey

The hydroacoustic system used during the 1990 east coast acoustic survey was
calibrated by BioSonics Inc. on October. 4, 1990 immediately prior to the survey
(Appendix 1) and again on February 6, 1991 after the survey (Appendix 2). There
was negligible change in system performance between the two calibrations. 1In
addition, the system was calibrated with a standard sphere several times during
the survey.

3) Calculation of Experimental Target Strength Estimates

CAFSAC has recommended that "Foote’s (1987) target strength/fish length
relationship be used for conversion of backscattering to biomass during acoustic
surveys for herring until such time when in situ measurements become available for
the various stocks in the Northwest Atlantic". In October 1989, a field program
was initiated in Smith Sound, Trinity Bay to determine experimental target



strength estimates for herring within the Newfoundland Region. Results of this
initial experiment, presented to CAFSAC in May 1990 (Wheeler 1990) indicated that
there vas a substantial difference between the experimental target strength
estimate and that derived from Foote’s relationship, at least for one length of

herring.

A second field experiment was conducted in Smith Sound in May 1990. The two
objectives of the research were: 1) to determine an experimental target
strength/fish length relationship to apply to acoustic survey results by
acoustically measuring different length ranges of herring within a net enclosure,
and 2) to compare simultaneous estimates of target strengths at 38 kHz and
120 kHz, as Foote’s (1987) relationship was based upon measurements at 38 kHz
whereas Newfoundland herring acoustic surveys utilize a 120 kHz hydroacoustic
system. It was decided by CAFSAC to defer provision of advice for 1991 until the
results of this research and the results of the 1990 fall acoustic survey were
available for review.

A sample of approximately 1000 live herring was obtained from a commercial
bar seine fisherman. The fish holding pound and experimental net enclosure were
the same as in 1989 (Wheeler 1990): BioSonics 38 kHz (6°/16°) and 120 kHz
(10°/25°) dual beam transducers were suspended from a wooden platform 0.5 m below
the surface in the centre of the net enclosure.

Acoustic measurements were conducted over an eighty-two hour period from
2000 h on May 22, 1990 to 0600 h on May 26, 1990. Four separate length ranges of
herring (Fig. 17) were identified from the sample of live fish, with mean lengths
of 26.7, 31.8, 33.7, and 36.2 cm. A sample of approximately fifty fish of each
length grouping was introduced separately into the experimental pound. Fish were
given one hour to acclimatize after being placed in the pound before any acoustic
measurements were made. Target strengths were then measured simultaneously at
38 kHz and 120 kHz. For two of the fish samples, mean lengths 26.7 cm and 33.7 cm
(Table 4, Fig. 18-21) average daytime and nighttime target strengths were
measured. For the remaining two samples, mean lengths 31.8 cm and 36.2 cm, only
daytime target strengths were measured.

Key results of the experiment were as follows:

1) Average target strengths measured at 120 kHz were consistently larger
(2.5-4.1 dB) than those measured at 38 kHz (Table 4, Fig. 20-21).

2) Average target strengths measured during the day, regardless of frequency
vere consistently larger (1.5-3.2 dB) than those measured during the
night (Table 4, Fig. 18-19).

3) Average daytime target strengths and log fish length were linearly
related over the observed length range:

0.77
0.69

120 kHz Y
38 kHz Y

50.28 log X - 107.9 r?
48.12 log X - 108.2 «r?

The slopes of these relationships (Fig. 21) were not significantly
different but both were significantly different from that derived by
Foote (1987).



4) Results from October 1989 (Wheeler 1990) and May 1990 experiments vere
consistent.

There are concerns as the applicability of target strengths measured within a
net enclosure to acoustic survey results. Also, the range of average fish
lengths, from which the experimental target strength-fish length relationship is
derived, is relatively small (10 cm). The long-term goal is to derive in situ
target strength measurements to convert backscatter to biomass. However, until
such estimates are available, it was decided that the experimentally derived 120
kHz daytime relationship is more appropriate to apply to results (within the
bounds of the regression) from the Newfoundland herring acoustic surveys which are
conducted during the day with a 120 kHz hydroacoustic system, than is Foote’s
relationship, from 38 kHz in situ measurements at night.

The 120 kHz Smith Sound daytime target strength-fish length relationship was
thus used to convert backscatter to biomass for the 1990 east coast fall acoustic
survey results and for the previous 1990 south coast winter results (Wheeler 1990)
and 1988 east coast fall survey results (Wheeler et al. 1989).

Acoustic Survey Results

Integrated density estimates were calculated for the 301 transects surveyed within
both stock areas. For Bonavista Bay-Trinity Bay, mean fish lengths and weights by
stratum (Table 2) were applied, using the Smith Sound experimental target strength/fish
length relationship, to calculate a target strength (dB per kg) for each stratum. The
formulas used to calculate mean densities, variances, and biomass estimates from the
acoustic survey (Appendlx 3) vere derived from Jolly and Hampton (1989) and Jolly and
Smith (1989).

Density estimates, by transect and stratum, are presented in Table 5 and are
summarized by stock area in Table 6. In Bonavista Bay-Trinity Bay 92.9% of the herring
biomass was detected in strata 27 and 28.-

Mean biomass (t) estimates by stock area from the 1990 fall shrvey, the 1990
vinter survey, and the 1988 fall survey are provided in the following text table:

1988 1990
Stock area Mean C.V. Mean C:.V.
WB-NDB 14,581 0.314 - -
BB-TB : 15,734 0.472 34,601 0.522
SMB-PB - - 18,013 0.88
FB - - 7,730 0.690

A biomass estimate is not available for White Bay-Notre Dame Bay from the 1990
acoustic survey due to the previously discussed inadequacies of biological sampling
during the survey. In addition, given the predominance of age O fish in the acoustic
survey samples, target strength estimates would have to be predicted outside the bounds
of the experimental target strength-fish length relationship.



Populations numbers at age, by spawning type (Table 7), vere adjusted to January
1991 from the 1990 acoustic biomass estimates.
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Table 1. SHAMOOK midwater trawl nndeARINUs purse seine set details for the

8

White Bay-Notre Dame Bay and Bonavista Bay-Trinity Bay.

1990 herring acoustic survey,

Set . Surface Bottom

no. Date Time Location temp. tenmp. Results

81 oct. 25 1130 Great Cat Arm, White Bay 5.4 -0.1 Caught 35 small herring (40-60 mm) plus

' capelin and cod

Ml oct. 25 1205 Great Cat Arm, White Bay 5.4 -0.1 Caught 7200 kg small herring (50-90 mm)
plus capelin and squid

52 oct. 26 0750 Sops Arm, White Bay 6.3 0.7 Caught 60-70 small herring (40-90 mm)

M2 oct. 26 0815 Sops Arm, White Bay 6.3 0.7 Caught 200 kg small herring (80-110 mm)

M3 oct. 29 0715 Cape St. John, Green Bay 4.1 0.7 No catch

83 oct. 29 0830 cape St. John, Green Bay 4.1 0.7 Caught 55-60 small herring (70-100 mm)

s4 oct. 29 1105 Cape 8t. John, Green Bay 4.1 0.7 Caught “25 small herring (50-80 mm)

M4 oct. 29 1220 Snooks Head, Green Bay 5.0 -0.2 Caught '206 kg small herring (80-110 mm)

S5 oct. 30 0620 Kings Point, Green Bay - - No catch

s6 Nov. 8 0700 Swan Island, Bay of Exploits 5.0 - Caught 10 kg sticklebacks

M5 Nov. 8 1505 Thwart Island, Bay of Exploits 4.7 - Caught 90 kg small herring (100-125 mm)

87 Nov. 11 1350 Gander Island, Hamilton Sound 4.8 - Caught “2 kg small herring (70-120 mm)

s8 Nov. 11 1610 Seal Islands, Hamilton Sound 4.8 4.6 Caught “60 kg small herring (70-120 mm)

M6 Nov. 14 1245 Lewis Island, Bonavista Bay 2.6 1.7 No catch

s9 Nov. 14 1325 Lewis Island, Bonavista Bay 2.6 1.7 No catch

M7 Nov. 14 1455 Lewis Island, Bonavista Bay 2.6 1.7 Caught 4 small herring (50-~75 mm) and
“50 stickleback

§10 Nov. 14 1500 Lewis Island, Bonavista Bay 2.6 1.7 No catch

S11 Nov. 14 1650 Lockers Reach, Bonavista Bay 4.0 - Caught “25 kg herring (28-38 cm)

M8 Nov. 15 0825 Trinity Gut, Bonavista Bay 4.1 4.0 No catch

S12 Nov. 15 1025 Lockers Flat Is., Bonavista Bay - - No catch

M9 Nov. 15 1700 Hare Island, Bonavista Bay 3.5 2.9 Caught “14,000 kg herring (20-34 cm)

M10 Nov. 19 1320 Wolf Island, Bonavista Bay 6.8 -0.1 No catch

M1l Nov. 20 1215 Morris Island, Bonavista Bay 5.6 3.3 No catch

M12 Nov. 20 1325 Morris Island, Bonavista Bay 5.6 3.3 Caught one herring (27 cm)

M13 Nov. 21 1500 Sweet Bay, Bonavista Bay 6.1 4.0 No catch »

M14 Nov. 23 0825 Swith Sound, Trinity Bay 5.5 5.1 Caught 37 herring (22-32 cm)

S13 Nov. 23 0850 sSmith Sound, Trinity Bay 5.5 5.1 Caught 6 herring (30-32 cm)

M15 ©Nov. 23 1045 smith Sound, Trinity Bay 5.5 5.1 No catch

M16 Nov. 25 0918 Great Mosquito Cove, Trinity Bay 6.3 3.7 Caught “200 kg juvenile cod

M17 PNov. 28 1210 Deer Harbour, Trinity Bay 5.3 2.3 Caught one QICh.Of juvenile cod, capelin

and herring




Table 2. Biological samples used to calculate mean lengths and mean weights from the 1990 herring acoustic survey, White
Bay-Notre Dame Bay and Bonavista Bay-Trinity Bay. X

Stock Survey Survey Sample Sample sample § tish Mean Mean
area strata dates Sampling location strata dates type sampled lgt. (em) wgt. (gm)

WB-NDB 1-7 oct. 19-29 Great Cat Arm 4 oct. 25 Res. MWT & P.S. 129 6.30 1.44

Jacksons Arm 4 oct. 29 Comm. P.S. 50 34.49 346.12

Sops Arm 5 Oct. 26 Res. MWT & P.S. 150 8.08 3.74

Cape St. John 7 oct. 29 Res. MWT 74 7.68 2.74

8-21 Oct. 29-Nov. 11 Snooks Head 8 Oct. 29 Res. P.S. 100 9.07 4.95

Springdale 11 Nov. 5 Comm. P.S. 100 34.30 354.00

Roberts Arm 12 Nov. 14 Comm. P.S. 50 28.99 197.94

Thwart Island 18 Rov. 8 Res. P.S. 100 10.99  10.52

22-25 Nov, 11-12 'Gandor Island 23 Nov. 11 Res. MWT 150 9.53 5.67

Cape Fogo 24 Nov. 9 Comm. P.S. 50 34.17 327.86

BB~-TB 26-27 Nov. 13-14 Drake Island 27 Nov. 14 Comm. P.S. 100 31.0 251.0

28 Nov. 14-16 Lockers Reach 28 Nov. 14 Res. MWT 50 30.7 245.0

Hare Island 28 Nov. 15 Res. P.S. 100 28.2 185.0

29 Nov. 16~19 Morris Island 29 Nov. 15  Comm. P.S. 100 33.0 303.0

30-35 Rov. 19-21 Drake Island 27 Nov. 14 Comm. P.S. 100 : 31.0 251.0

Lockers Reach 28 Nov. 14 Res. MWT 50 30.7 245.0

Hare Island 28 Nov. 15 Res. P.S. 100 28.2 185.0

Morris Island 29 Nov. 15 Comm. P.S. 100 33.0 - 303.0

36-46 Nov. 22-29 sSmith Sound 38 Nov. 23 Res. MWT & P.S. 42 25.2 146.0
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Table 3. Number of fish schools edited as non-herring prior to analysis of 1990 herring
acoustic survey, White Bay-Notre Dame Bay and Bonavista Bay-Trinity Bay.

Herring Schools edited
Stock schools
area Stratum analyzed Capelin Mackerel Cod Sticklebacks Unidentified
WB-NDB 1 0 0 1 0 0 0
2 0 1 1 ] 0 1
3 3 1 2 0 0 4
4 1 0 2 0 0 4
5 2 0 0 2 0 2
6 0 0 0 0 1] 0
7 3 0 0 0 0 2
8 0 0 0 1 0 1
9 1 0 0 1 0 3
10 2 0 0 0 0 0
11 0 (1] 0 0 0 0
12 9 0 0 0 0 0
13 0 0 0 0 0 0
14 6 0 0 0 0 2
15 0 0 0 0 0 1
16 0 [ 0 0 2 2
17 3 0 0 0 1 1
18 1 0 0 1 7 1
19 1 0 0 0 1 0
20 0 0 0 0 0 1
21 0 0 0 0 0 (1]
22 1 0 0 0 0 1]
23 9 0 0 0 0 1
24 - - - - - -
25 - - - - - -
BB-~-TB 26 . 0 0 0 0 0 0
27 10 0 0 0 0 1
28 12 0 0 0 0 0
29 6 0 0 0 0 1
30 2 0 ] 0 0 0
31 (] 0 0 0 0 0
32 0 0 0 0 0 0
33 0 0 0 0 0 0
34 0 0 0 0 0 0
35 - - - - - -
36 1 0 0 0 0 0
37 0 0 0 0 0 [1]
38 6 0 0 0 0 1
39 1 0 0 0 0 0
40 0 0 0 0 0 0
41 2 0 0 1 0 1
42 2 0 0 0 0 3
43 0 0 0 1 1 0
44 0 0 0 0 0 1
45 0 0 0 0 0 1
46 1 (1] 0 0 0 0
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Table 4. Average target strength estimates, day and night, measured at 120 kHz and 38 kHz, from net enclosed
herring, Smith Sound, Trinity Bay, May 1990: (* October 1989)
kHz 38 kHz

Fish Day Night Day Night Foote
length _ _ _ 38 kHz night

(cm) Avg. T.S. Avg. T.S. N Avg. T.S. Avg. T.S. Pred. T.S.
25.80 -37.10* ~39.20* - - - - ~43.67
26.68 -35.77 570 -37.37 4243 -39.16 535 ~40.63 2145 -43.38
31.83 -34.50 5087 - - -38.18 1530 - - -41.84
33.67 -28.50 4550 -31.65 13934 -32.62 6279 -34.14 1859 -41.36
36.16 -30.37 4805 - - -33.57 1835 - - -40.76
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Table 5. Biomass and backscatter estimates, for Bonavista Bay-Trinity Bay,

from the 1990 acoustic survey.

TARGET TRANSECT TRANSECY TRANSECT

ST0CK STRENGTH TRANSECT LENGTE  ARBA BIONASS
AREA STRATUM (dB/kg) NUMBBR (n.mi.)  (m2) (t)
BB-1B 21 -26.93 15 4,23 1.254R406 0
160 4.67 8.009R+06 0
161 2,75 47168406 143
162 1.26 2.161B+06 0
165 1.90 3.258R+06 111
160 2.88 4.939B406 13
165 0.70 1.2008406 0
1 4,5058+06
3. 1548407
28 -21.50 166 2.99 5.1288406 2609
167 1,10 2.915B+06 {
168 2.89 4.956R+06° 3697
169 2,93 5.025R+06 155
170 3.20 5.488+06 192
171 1.58 2.710R+06 0
192 2,20 3.773R406 0
193 3.05 5.231R+06 0
1 3,70 6.3458+06 0
175 0,52 8.9188+05 0
176 0,03 5.659B+04 0
117 0.82 1.4068+06 0
118 0.68 1.1668+06 §7
1 " 3.469B+06
3 1.5008+07
|
| 29 -26.38 199 3.89 6.671B406 |
: 180 1.93 3.310B+06 0
| : 181 0.52 8.918B+05 0
i 182 1.49 2.555B+06 65
183 1.57 2.692B+06 0
186  1.18 2.024B406 T;
‘ A 185 2,73 4,6828+06 0
| 186 3.40 5.831B+06 0
% 187 4,27 7.323B+06 0
188 3.30 5.659R+06 79
188 1.23 2.1098+06 2
190 1,02 1,749B+06 0
191  0.92 1.235B+06 0

13 3.5958+06
4.6738+07

WEIGHTED

TRANSECT

DENSITY  TTL SCATTER

(kg/n2)

0.00000
0.00000
0.03167
0.00000
0.02455
0.00277
0.00000

0.00843

0.75216
0.00101
1.06575
0.04477
0.05547
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.01940

0.14812

0.00940
0.00000
0.00000
0.01800
0.00000
0.01251
0.00000
0.00000
0.00000
0.02184
0.00061
0.00000
0.00000

0.00480

{(a2/sr)

0

0
289
0
U
25
0

1631

6571
216
42

OO O DO O OO

WRIGHTRD
.SCAT, COEF.
(/8r)

0.0008+00
0.0008+00
6.4218-05
0.000B+00

NUNBER
SET  OF PISH
NUNBER SAMPLED

L] 0

{.9768-05 M6,M7,59 0

5.624B-06

0.000B400

1,7088-05

1,3378-03 11,812 50

1.7948-06

1.8948-03

7.9598-05
'9.8608-05
0.000E+00
0.0008+00
0.0008+00
0.0008+00
- 0,0008+00
0.0008+00
'0.000B+00
3.4498-05

2.651E-04

2.1628-05
0.0008+00
0.000B+00
4,1398-05
0.000B+00
2.891B-05
0.000E+00

L 100

0.000E+00 M11,N12 0

0.0008+00
5.0228-0%
1.407E-06
0.000B+00
0.000E+00

“1.1048-05

o 0



Table 5. Continued.

TARGET TRANSEC?
ST0CK STRENGTH TRANSECT LENGTE
ARBA STRATUK (dB/kg) NUNBER (n.si.)

0 -27.05 182 2.65
193 6.35
194 2.12
195 1.51
196 5.30
§
36 -28.10 218 7.40
219 4.60
2
8 -29.10 230 0.36
231 0.41
232 0.70
233 0.78
23 1.21
235 1.17
236 1.47
237 0.76
238 0.40
239 0.24
240 0.31
21 0.33
42 0.32
U3 0.69
U 0.57
245 0.50
246 0.35
U1 0.19
248 0.58
19
39 -25.10 256 1.2
251 1.51
258 N
3

TRANSBCT
ARBA
(n2)

45458406
1.0898+07
4.665EB+06
2.590B406
9.0898+06

6.356E+06
3. 1788407

1.2698407
7.8898+06

1,0298+07
2.058R+07

6.174B+05
7.031B405
1.2008406
1,3388+06
2.178B+06
2.0068+06
2.5218+06
1.3038+06
6.8608+05
4,116B405
5.,3168405
5.659B+05
5.4888405
1.183B+06
§,7758405
8.575B+05
6,002B+05
3.258B405
9,9478405

1,0298+06
1,9558+017

1 2.0758+06

2.5908+06

T 4.236B406

2.967E+06
8.901B+06

13

TRANSECT
BIOKASS

(t)

P
O OO

O OO O M OO OO OO OO0 OO OO

<

VRIGETRD
DENSIT
(kg/n2)

0.00000
0.00000
0.00000
0.00222
0.00087

- 0.00062

0.00000
0.00189

0.00094

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.02128
0.00000
0.00418
0.00000
0.00000
0.00000
0.00000
0.00000
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0.00134

0.00074
0.00000
0.00000

0.00025

TRANSECT
TTL SCATTER
(82/sr)

ol d
— D O O

<

VEIGHTRD
SCAT. COEF.

(/8r)

0.0008+00
0.0008+00
0.000B+00

4,3728-06

1.1058-06

1.2158-06

0.0008+00
2.319B-06

1.159E-06

0.000E+00
0.0008+00
0.000B+00
0.000B+00
0.000E+00
0.000B+00
0.0008+00
0.0008+00
0.0008+00
0.000B+00
2.6188-0%
0.0008+00
5.1408-06
0.0008+00
0.0008+00
0,0008+00
0.0008+00
0.0008+00
0.000B+00

1.648E-06

9.1208-07
0.000E+00

0.000B+00

3.0408-07
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NUMBER SANPLED
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Continued.

TARGET

TRANSECT

STRENGTH TRANSECT LENGTH
ARBA STRATUK (dB/kg) NUMBER

-29.10

-29.10

259
260
261
262
263
264

3

265
266
2617
280
281
282
283
284

285

294
295
296
297
298
299
300
301

(n.mi.)

2.8%
8.2
.8
1.49
3.61
2.12
.1
2.82
0.80

-3 -] - - DD WO O

CD et et Pt D e D s
e o o e = e -
0N O O Cd e — O O

TRANSRCT
AREA
(n2)

6.3458405
3.0878405
8.575B405
4,9738405
5.488B+05
1.321B406

6.946B+05
4. 1678406

4. 545B406
3.893E+06
3.996B+06
2.555B+06
6.191B+06
4.665B+06
6.397B+06
{.836B+06
1.3728406

4.2728+06
3.845R407

1.8698+06
1.6298406
2.075B+06
1.218B+06
1.9388406
2.915B+06
2.915E+06
7.203B+05

1,910B+06
1.528B+07

14

TRANSECT
BIOKASS

(t)

0
16
0
11
0
0

OO OO OO OO

I— B — I — BB — I Y —

VBIGHTED

TRANSECT

DBRSITY  TTL SCATTER

(kg/n2)

0.00000
002215

0.00000

0.01569
0.00000
0.00000

0.00641

0.00143
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00029

0.00000
0.00000

0.00000 .
- 0.00000

0.00000
0.00001
0.00000
0.00000

0.00000

(m2/sr)
0

OO DO O OO O oo

OO O O O O O O

WEIGETED
SCAT. COEF.

(/sr)

0.000B+00
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0.0008+00
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0.0008+00
0.000E+00

7.8808-06

. 1.7568-06
0.0008+00
0.0008+00
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0.0008+00
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0.0008+00
0.0008+00

1.9518-07
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0.0008+00
0.0008+00
1.2888-08
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0.000E400

1.6108-09
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SEY  OF PISH
NOMBER SAMPLED
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Table 6. Biomass and backscatter estimates, by stratum; for Bonavista Bay-Trinity Bay, from the 1990 herring
acoustic survey.

Stratum Total backscattering
Target Stratum biomass Total biomass (t) Stratum area (m? sr 1)
Stock strength area density scatt. coeff.
area Stratum (dB kg !) {m?) (kg m 3) Mean S.E. {sr"i) Mean S.E.
BB-TB 26 - 4.00 x 102 0.00000 0 - 0.000 -5 0 -
27 -26.93 2.77 x 108 0.00843 2335 1561 1.708 x 10_4 4733 3165
28’ -27.50 2.00 x 108 0.14912 29824 17961 2.651 x 10_5 53013 31922
29 -26.38 2.08 x 108 0.00480 999 458 1.104 x 10_6 2297 1054
30 -27.05 2:80 x-108 0.00062 173 145 1.215 x 10 340 286
31 - 1.20 x 107 0.00000 0 - 0.000 0 -
32 - 7.20 % 107 0.00000 (1] - 0.000 0 -
33 - 6.60 x 108 0.00000 0 - 0.000 0 -
34 - 1.34 x 108 -0.,00000 0 - 0.000 0 -
35 - 2.97 x 108 - - - - -6 - -
36 -29.10 7.71 % 10s 0.00094 727 896 1:159 x 10 894 1103
37 - 1.41 x 107 0.00000 0 - 0.000 _g 0 -
38 -29.10 9.20 x 107 0.00134 123 109 1.648 x 10_7 152 134
39 -29.10 9.20 x 10.7 0.00025 23 26 3.040 x 10 28 32
40 - 7.70 x 10.7 0.00000 0 - 0.000 -6 0 -
41 -29.10 5.40 x 108 0.00641 346 277 7.880 x 10_7 426 341
42 -29.10 1.81 x 108 0.00029 52 30 1.951 x 10 35 35
43 - 1.11 x 108 0.00000 0 - 0.000 0 -
44 - 1.64 x 107 0.00000 0 - 0.000 0 -
45 - 9.50 x 108 0.00000 0 - 0.000 0 -
46 - 1.86 x 10 0.00000 0 - 0.000 0 -
Combined 4.02 x 109 34601 18059 61918 32122




Table 7. Population numbers at age, projected to January 1991, as estimated from the 1990 fall acoustic survey for
Bonavista Bay-Trinity Bay and from the 1990 winter acoustic survey for Fortune Bay and St. Mary’s Bay-Placentia Bay.

Bonavista Bay-Trinity Bay Fortune Bay St. Mary’s Bay-Placentia Bay

Year-class AS (x106) Ss (xlos) aAS (x106) ss (x106) AS (x106) A ss (xlos)
1990 0.0 0.0 0.0 0.0 0.0 0.0
1989 0.0 7.6 0.0 0.0 0.0 0.7
1988 1.4 11.3 0.0 0.0 0.0 1.1
1987 2.9 99.6 0.1 10.7 0.9 6.7
1986 0.3 4.8 0.0 0.9 0.7 5.1
1985 0.0 2.1 0.0 0.1 0.1 1.0
1984 0.0 0.5 0.1 0.1 0.6 0.3
1983 0.0 0.8 0.2 3.0 0.3 1.7
1982 0.1 28.7 0.2 8.2 0.2 19.3
1981 0.0 0.1 0.1 0.3 0.7 1.8
<1980 1.6 3.2 0.4 1.2 5.0 4.4
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.
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[
.
w
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Fig. 1. Area map indicating the five herring stock complexes
within the Newfoundland region: White Bay — Notre Dame Bay,

Bonavista Bay — Trinity Bay, Conception Bay — Southern Shore,

St. Mary's Bay — Placentia Bay, and Fortune Bay.
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‘ 120 kHz hydroacoustic
. Calibration parameters for the BioSonics N
isgtzzixcilibrated on October 4, 1990 and used during the 1990 east coast
?
herring acoustic survey.

/05-87-025 é_?-/ 20-/025-02¢

Sounder

BioSonics
SYSTEM CALIBRATION

Customer Name: io] "f/‘?o

(Company or Agency )
SR- 2745
RST

! 2o
Eoo

DFo

Date;

Project #:

BioSonics Contact Person: Bol Delivsan

Serial # oS Frequency
dB Bandwidth ‘ kHz (a)

Calibrator:

—

Model & Yo S

Rec. Gain (RG)

>

.O

Transducer

Page 1 of 2

kH2

Blanking Distance NA ~

20

m Calibration Range, Reap)

Total TVG Range 2.0 t4 2Ad0 m  20/40 log R cross. dist.

026
Cable Type

Beamwidth /O °/9~5 i
Cable SIN_ 1 41- 83~ §25

Transducer S/N:

Joo?’

Cable Length
lov!

el

Totd
oz T

/Y3-29-05/
ype
dB pPa/’Vmms @ I meter Ss .

ER-0p8Y%
+ 195.88 dBv/uPa

Standard Transducer Serial #
Ts 148,58

Transducer separation, (R;) __ |, / X m, Water Temperature |3 ¢

CALIBRATION - SYSTEM RECEIVING SENSITIVITY

Transmission Loss, TL « 20 logR + OR = K

dB (R - R, meters)

TVG gain, Gygyq S21 04 dB (40 Log Rear +2 @Ry )

1193 ») v,
‘/26’,?

Voltage into Standard, Vg -
Acoustic Level, L = Ts + Vs-TL =
(at receiving transducer)

~/8, %Y

dBv (RMS)
dB pPa

.V °

Voltage out of Receiver, vy =

;v Vier

7.¢o

dBv

Receiving Sensitivity, Gx = Vdcl -L-

. G1=Gx-Grvgep-RG
iver .
Voltage out of Receiver, Vder =

119, |

dBv/uPa @ Ry meters

|31

dBv/yPa @ 1 m

Vel 7 oY dBv

Receiving Sensitivity, Gx = Véer-L -

Gy - Gx-Grvgao-RG =

2.4)

/2],0 dBv/pPa @ Ry meters

N dBv/uPa @ I m
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Appendix 1. Continued ...

105-87-0285 [ 27720 - ,, 2SS -02%

BioSonics

SYSTEM CALIBRATION Sounder /. Transducer
Page 2 of 2
. ol
Voltage out of Receiver, vg,, = 102 Vet 7. 60 dBv
Receiving Sensitivity, Gx = Vg, -L = | - /9.4 dBv/pPa @ Rcpy meters
Gy =G,-Grvgo-RG= | - /95, dBv/Pa @ I m
¢ log R . ,
Voltage out of Receiver, Vder™ 2.328 Vaer. 8,88 : dBv
Receiving Sensitivity, Gx = Vg, -L = | - /9.8 dBv/uPa @ Rcpy meters
G =Gx-Grvgap-RG= | - LZ20LE dBv/uPa @ 1 m
¢ * .
Voltage out of Receiver, vy, = 224 Ve 200 dBv
Receiving Sensitivity, Gx = V,-L= |- /2, 7 dBv/jiPa @ Rgpy meters
G} = G;-Grvgwo=~ | - 97 # dBv/uPa @ 1m
40 Log R gain difference G (CH1)-G;(CH2)=_ Q. 7 _dB
' CALIBRATION SOURCE LEVEL
Transmission Loss, TL = 20 log R; + R, = . 4% _ dB
Source Level, SL = Vio-Ss+TL Pulse Width oy ms
" Vio=20Log (vrms out of standard)
TRANSMITTER Yout v .Ss + TL SL
SETTING STANDARD XDUCER so SOURCE LEVEL
dB Vpp Vrms dBv dBv dBuPa@1m.
N A /650 | 5,83 | /532 /97,4 |+ 2,2,=
’ +
+
+
+

Comments S¢ * G, = .6 e{g
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‘ kHz hydroacoustic
: libration parameters for the BioSonics 120
:gg:::ixcilibS:ted Februagy 6, 1991, after the 1990 east cost acoustic survey.
1 4

105-23-025 [22-120- 1025~ oz¢

Sounder / Transducer
BioSoniecs ’
SYSTEM CALIBRATION ,
. . : Page ) of 2
Customer Name: DF0 (wheelen) Date: 2-06-9|
(Company or Agency .
Project #: SR -836
BioSonics Contact Person: Bobo Nohumson : Calibrator: RST
n
" Mode) # 0o 5§ Serial # ozZ2s Frequency 120 kH:z
Rec. Gain (RG) (&) dB Bandwidth LY KHz (o) &
Blanking Distance — m Calibration Range, (RecaD po o) m
Tota) TVG Range 2,0 4o 230 m  20/40 log R cross. dist. /6 m
3 : Transducer S/N: 0206 Beam width /0 '/25 ’
Cable Length loo! 7o Cable Type_ S/2 Cable SN -P9- 051
100! Dlck /91-8F5-520
ndar s Senial ¢ /02 Type__EDo-LEY (¢

Ts /48,88 B pPa’Vims @ ) meter  Ss -~ /95,6% dBv/pPa .

Transducer separation, R;) Zg 2 m, Water Temperature /3 °C

CALIBRATION - SYSTEM RECEIVING SENSITIVITY

Transmission Loss, TL = 20 logR+0R = /.58 dB (R = R; meters)

TVGgain.GTVG,,O S Z,Qz dB(4OIDgRCAL+2uRCAL)
Grvcao_2¢,02 dB (20Log Reay +2aRepy)

Voltage into Standard, v; = (0. F mV V= -/2.9Y dBv (RMS)

Acoustic Level, L « Ts + Vs - TL = /23.2 dB pPa
(at receiving transducer)

Receiver #1 40 jop R*

Voltage out of Receiver, vy = ___ 2,975 Véer 7.8% dBv

Receiving Sensitivity, Gx = Vger-Le= |- /19,5 dBv/uPa @ Ry meters
G)=Gx-Grvoso-RG= |- /218 . dBwpP2 @1m

'v L .

Volage out of Receiver, vy, = /: 935 vdc[ 5/ ?G dBv

Receiving Sensitivity, Gx = Vaer-L= |- 121 4 dBv/yPa @ Reap meters

G, = Gx°GTVGZO' RG = - / 6/?1 i dBv/yPa @1m
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QS'- 37;025".'/33—/20 /0285 -0z,

svsm'is'giﬁé%non Sounder / Transducer
Page 2 of 2
¢
Voliage out of Receiver, Vi = 2:5/0 Ve 4,99 __dBv
Receiving Sensitivity, Gx = Vg, -L= | - 1/9,3 dBv/jPa @ Rpy meters
G, = G,-Gyvgao- RG = - 1454 dBv/pPa @1 m
b 4 [ ]
Voliage out of Receiver, vy, = Z 370 A\ 3?.5%2 : __dBy
Receiving Sensitivity, Gx = Vger-L= | - 119.8 dBv/pPa @ Real meters
Gl'Gx'GTVG“)fRG' - 131:8 dBv/pPa @ I m
~rpl * '
Voltage out of Receiver, Vet = 1725 Ve 5, 69 dBv
Receiving Sensitivity, Gx = VoL« |- /21, ¢ dBv/Pa @ Rea) meters
G)=GGrveo~ |- /Y477 dBv/pP2 @ I'm
40 Log R gain difference Gy (CH1)-G, (CH2)=  ,3  dp
CALIBRATION SOURCE LEVEL
Transmission Loss, TL = 20 logR; + GR; = /58 dB

Source Leve), SL.= V,_ -Ss+ TL

V5o = 20 Log (vims out of standard)

Pulse Width o9 ms

TRANSMITTER Yout v Ss+TL SL
SETTING STANDARD XDUCER 50 SOURCE LEVEL
ds Vpp Vm15 dBv dBv dBuPa@im.
- /6.5 5.92 /5,45 /19773 v 2/2,¢
A +
+
+
o +
Comments : SL + G‘n - 7]1 2
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Appendix 3. Formulas for calculating estimates of mean densities, variances,
and total biomass for herring acoustic survey.

Given the following:

L - number of strata

1hi ~ length (n mi) of Eransect i in stratum h

n, - number of blocks sampled in stratum h

Ah - surface area (m?) of stratum h

Yhi - biomass (kg) of fish estimated in block i of stratum h
Then:

1) the area (m?) sampled for transect i in stratum h
Lhi = (lhi* 1852 m) * 926 m

vhere due to navigational precision, the minimum distance between transects
was predetermined to be 0.5 n mi (926 m)

2) the mean area (m?) for blocks sampled in sfratum h

3) the weighting factor for sampled block i in stratum h

Kns = ’li_
L,

to account for differences in the areas of each block sampled, i.e. due to '
different transect lengths
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Appendix 3. Continued...

4) the density (kg/m?) for block i in stratum h

*hi = Yhi

Lpi

5) the mean density (kg/m?) per unit area for stratum h

n n n

B h
Xh = ‘ }‘h (K'hi * xhi) = th Lﬁi o y!‘l_i; =1z (yhi)
L=1 L=1 Lh Lhi L=1 Lh

M Th T

6) the total fish biomass (t) for stratum h

Y, = (4, * xh)/1000
7) the variance estimate for stratum h
. "™

= I Ko 2 (X, - X )2
Yh L=1 hi hi h
n, (nh - 1)

02

8) the total fish biomass (t) for all strata

(-
"

I g
d

9) the variance estimate for all strata
L

0Y = L A?* o0
h =1t h
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