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pDescription and Objectives of the Experiment

At the 1971 ICNAF Annual Meeting it was agreed to mount a joint survey
of larvae herring in the Georges Bank-Gulf of Maine areas to delimit the
major spawning grounds in these areas, to obtain relative estimates of
spawning stock size and to obtain infermation about larval drift and dis-
persal. Offshore cruises were made sequentially on a standardized grid
pattern, and using standardfzed gear and methods, during the period 5 Septem-
ber to 17 December 1971 by the following research vessels:

Cryos (France) 9 - 24 September

Delaware 11 (USA) 21 September — 4 October

Viandra (USSR) 9 - 25 Octoberx

Walther Herwig (Fed. Rep. of Ger.) 31 Octoher - 12 November
Albatross IV iUSA) 2 = 17 December

During the period 9 September to 8 November four alongshore cruisea
in the Gulf of Maine were made, using the same stendard procedures, from
Massachusetts Bay to Machias Bay on beoard the small US research vessel
Rorqual. An alongshore cruise in the Bay of Fundy and southwest Nova
Scotia was also made in October by the Canadian research vessel Prince but
different gear and zampling procedures were used, and bv the time of the
Workshop the Canadian samples had not been sorted.

Methods

In order to provide for comparability of data collected by the various
nations, the United States was asked to lay out proposed cruise tracks and
provide a set of atandard procedures., The United States also agreed to
supply the sampling gear to be used by all participating countries, At each
designated station a tow was made at 3,5 knots using paired 60 cm bongo-
type ichthyoplankton samplers. The sampling was from 200 maters, or at
shallower stations, as close to the bottom as practical. Durimg each tow
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the nets were deploved at as close to 50 m/min as was practical. During
retrieval oa each tew the opper 0 meters were sampled in 20 stepas, separated
by 2-meter intervals, with one minute at each step. The rate of retrieval
was continuous at 20 m/min in the deeper tows up to the 40 m level where

the tow was changed to step—-oblique as in shoal water. Samples were pre—
gerved in 5% buffered formalin, All herring larvae were to be sorted and
counted, “amnles of up to 100 were measured (total length},

. Historical Data Base

To provide an historical data base, the Working Group reviewed the fol-
lowing documents:

Joseph J. Graham, Stanlev B, Chenoweth and Clarence W. Davis
Abundance, Distribution, Hovements and Lengths of Larval Herring
Along the Western Coast of the Gulf of Maine, (In Press).

H. C. Boyar, Rohert R, Marak, Frank E. Perkins and Roger A. Clifford
Seasonal Distribution of Larval Herring (Clupesa harengus harengus L.)
in the Georges Bank-Gulf of Maine Area from 1962-1971, ICNAF Res,
Doc. 71/100

Iles, T. .
The Retention Inside the Bay of Fundy of Herring Larvae Spawned
off the Southwest Coast of Nova Scotia. ICNAF Res. Doc. 71/98.

Messgieh, $, N.,5. N, Tibbc and L. M. Lauzier,
pistribution, Abundance and Growth of Larval Herring (Clupea
harengus L.} in the Bay of Fundy Gulf of Maine Area. Fisheries
Research Board of Canada Technical Report No. 277.

Reports by Participating Nations

Reports, some of them preliminary, on the cruises made by participating
nations or tabulations of data were available for examination by the Working
Group. Material available is listed below:

R. L'Herrou and D, Briand
ICNAF Res. Doc. T72/62

K. A. Honey and S. B. Chenoweth
ICNAF Res. Doc. 77/8

J. 1, Graham, C. W, Davis, 5. B, Chenoweth and B. C, Bickford
ICNAF Res. Doc. T2/

J., B. Colton
ICNAF Res. Doc. T2/9

D. Schnack
Tabulations of data from the Walther Herwig cruise

A. 5. Noskov
Tabulations of data from the Viandra cruise

Data not available in ICKAF documents are presented in the Appendix.

Results

a, Qualitative Results; The signlificant sites of larval production
detected in the survey were as follows,

Georges Bank: Spawning is concentrated on the northern edge; significant
numbers of larvae were first detected during the second half of September
and small larvae were found until the middle of November. prift and dis-
persal is in a southwesterly direction in the clockwise gyre, An additional
spavning aite apparently occurs in the westexrn part of the Bank just east of
the channel. Spawning occurs here later than on the northern edge. Very
few iarvae were found outside the 100-m iscbath. By Necember, larvae were
widely dispersed over the Bank,
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Nantucket Shoals: Larvae were detected in significant numbers in this
area (west of the Great South Channel) first in early November. Dispersal
is apparently southwestward but may also be in part northeastward across
the channel on to Georges Bank, This area has been included with Georges
Bank when making quantitative estimates,

Nova Scotia: The Trinity Ledge-Lurcher Shoal area was readily detectable
in the survevs with larvae in eignificant numbers obtained in the second
half of September, These larvae were larger than those taken on Georges
Bank at the same time, Major drift is northward along the eastern side of
the Bay of Fundy. '

Southwestern Gulf of Maine: The first concentration of larvae detected
in this area was off Cape Elizabeth, Maine, during the latter part of Septem-
ber. Dispersal of this group of larvae was mainly shoreward into Saco Bay
and perhaps Casco Bav. Concentrations of larvae in the Jeffreys Ledge-
Stellwagen Bank areas were detected about the middle of October with dis-
persal shoreward. Virtually no larvae were found on the oceanic side of
Jeffreys Ledge.

Eastern Sector of the Maine Coast: A group of larvae, centered off
Frenchman's Bay, was found in the first half of September. Thia larval
group and larvae from subsequent spawnings persisted into early November
with dispersal inshore and southwestward along the coast. The origin of
these larvae is unknown but they may result from spawning on Grand Manan
Bank and areas north of Grand Manan Channel.

b. Quantitative results: In order to obtain a measure of abundance
of larvae in & given area, one must calculate the mean number of larvae
caught per unit volume of water in the area and multiply by the total volume
in the area, or calculate the mean number of larvae under a unit of area
and multiply by the total area under consideration. BEecause the tow profile
used in these surveys did not sample all layers of the water column equally,
it was necessarv to make the simplifying assumption that all larvae caught
were in the upper 40 meters (the catch data obtained support the reasoanable-
ness of this assumption). In this segment of the tows the various layers
were sampled equally within the limits of reproducibility of the methods,
A theoretical calculation of the volume of water sampled in the upper 40
meter section of the tow was made and checked against the mean of values
for volumes of water filtered in actual 40 meter tows. These values
checked quite closely and were used to convert larvae per tow values to
larvae per square meter values., The conversion factor for the imshore
Gulf of Maine cruises was 0.05, the offshore eruises 0.057 because the
inshore vessel operated at 4 rather than 3.5 knots. In the case of the
Albatross IV cruise, a single oblique rather than a stepped oblique haul
was made and a different but appropriate method was used for calculation
once again assuming that a negligible fraction of the larvae were caught
below 40 meters,

Using the methods outlined above, preliminary calculations of total
larval abundance were made at the Rome meeting. These indicated a ratio
of about & between the peak abundance of larvae in the Georges Bank and
Gulf of Maine areas, At the present workshop meeting, size composition
data were available for all cruises and larval abundance was calculated
as numbers of larvae under a square meter of water for three size categories.
The abundance of larvae less than 10 mm leng was summed for the various
crulses in the Coastal Gulf of Maine and Georges Bank-Nantucket Shoals areas
to obtain estimates of larval production, These summations are presented
in Table 1 and plotted in Figure 1, & rough estimate of the relative numbers
of larvae produced in the two arcas was obtained by comparing the areas under
the larval production curves in Figure 1. According tc this egbimate, in 1971
10 times ag many larvae were produced on Georges Bank - Nantucket shoals as in
Coastal Gulf of Maine. The figure for the coastal Gulf of Maine is undoubtably
an underestimate since the onset of larval production in the eastern gection
was missed.
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¢. Drift and Dispersal of Herring Larvae: In the limited time avail-
abi: to the Working Group, it was not possible to make a derailed study of
the information on drift and dispersal inherent in the results of the
cruises, Some limited conclusions are presented in the section on quali-
tative results. As a start on the detalled considerations of drift and
dispersal that are possible, the Working Group calculated and plotted catch
rates for each size category for the offshore crulses. Theae are presented
in figures 2 through 18, The Working Group felt that a more detailed con-
sideration of dispersal was possihble and desirable but would require the
conserted effort of one or more interested scientists from participating
countries for a period of several weeks.,

d, Oceanography: The oceanographic data collected on most of the
cruises were available to the working party hut no detailed consideration
was possible, <Charts for the Cryos cruise are available in ICNAF Res. Doc.
72/62; data from the Albatross IV cruise are presented in ICNAF Res. Doc,
72/9. Plots from the Delaware 1I eruise are presented in the appendix.
Bottom temperatures seem tc he the most gignificant feature in relation to
iarval production. The oceancgraphic data should be considered in detail
in connection with any further analysis of drift and dispersal.

Recoumendations

The Working Group agreed that larval surveys of the type carried out in
1971 have special value in the asseasment of spawning stock gize; therefore,

the Working Group recommended thatl such surveye be continued for several years
in order to obtain measures of year to year fluctuation in the abundance of the

spawning stocks.

The Working Group dlscussed ways of improving future joint surveys and
made the following recommendations.

1, Significant improvement would be made if a tow profile were
used that samples all layers of the water column equally. The
Working Group agreed that sampling should be conducted to a
maximum depth of 200 meters or as close to the bottom as practical,
A single oblique haul with wire payed out at 50 meters per minute
ia suggested with the vessel underway at 3,5 knots, If time of
tow is leas than 15 minutes, two seguential tows should be made
with gear payed out again as soon as it surfaces, Vessel speed
ahould be maintained at 3.5 knots throughout the tow,

2., 1Identical gear should be used on all cruises during the survey.
Paired 60 cm Bongo nets of 505 microns and 333 wicrons mesh size
should be used, A four-foot V-fin depressor shall be uged, Cali-
brated flow meters should be mounted inside each net, Wire 6 mm

in diameter shall be used. The United States will provide identical

gear for each cruise, Bathykymographs will be attached during each
tow.

3, The Working Group agreed that the cruise track used im 1971 with
gome exceptions deliniated the major concentration of larval herring
in the area. Lack of coverage by Canadian vessels in the Bay of
Pundy was the major limitation., Stations need to be added on
Stellwagen Bank and east of Cape Cod, Stations on Nantucket Shoals
and westward can be omitted during September but more coverage in
thase areas is needed in November and December,

A atation should be added between stations 94 and 95. Stations
38, 39, 42, 43 and 83 can be omitted. Time saved by omitting
these atationa should be applied to increasing the density of
coverage on Georges Bank,
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4. The cruises made in 1971 covered the period of larvae production
reasonably well although the time of onset of hatching was not
established i{n Nova Scotiz or on Georges Bank, Short cruises to
these areas in early September would thus be advantageous. In
order to ohtain accurate larval production curves more closely
spaced cruises would be reguired.

5. The Working Group made the following suggestions in regard to
standardization of reporting. Larval abundance should be teported
as numbers of larvae per tow, numbers of larvae per square meter,
and numbers of larvae per cubic meter, These measures of abundance
should he reported by smize grouns. Size distributions ghould be
given by size groups of less than 10 mm, 10-15 mm, and greater than
15 mm. If possible, a randomly selected sample of 100 larvse from
each tow and each net should be measured and the length frequency
reported for each tow and net. Yolk sac larvae should be separately
tabulated.

6. Oceanographic observationa should consist of at least BT's.

Ancillary information on non-tidal drift obtained from releases
of sea~bed drifters and drift bottles would be useful.

Table 1. Total number (billions) of larvae <10 mm for time and

area,
Ship Date Georges Bank Coastal Gulf of Maine
Usa
RORQUAL 9 Sept. - 16 Sept. 9.4
France
CRYOS 10 Sept. - 24 Sept, 260
USA
RORQUAL 22 Sept. = 1 Oct, 15.2
usa
DELAWARE 21 Sept. - 3 OQOect, 470
USSR g Oct. = 25 Oct. 200
USA
RORQUAL 13 Qct. - 25 Oct. 130
USA
RORQUAL 27 Oct, - 8 Nov, 1.7
Germany
W. HERWLG 31 Oct. = 12 Nov, 420
USA
ALBATROSS 2 Dec. - 17 Dec. 17
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Appendix Teble 1, Size composition of larval herring.

DETAWARE 71-4, 21 September - 4 October

Less Lean

than 10~ 15 than 10- 15
Station 10 m 14,9 up Station 10 m 14,9 up

2 -— — -t 51 209 108 4
3 - - - 52 - - -
5 - - —-— 53 - - -
5 9 107 27 54 - - —
6 3652 29 2 55 - -— —_—
7 1 o 0 56 - - -
8 —— - - 57 - —-— -—
9 - —-— -— 58 — - -
10 -— — — 59 47 99 23
11 — — — 60 0 2 7
12 867 408 115 6l 1 3 6
13 13 14 8 62 - -— -_—
14 — —_— — 63 -— - —-—
15 —-— — —— 64 - - -
16 - - - 65 - - —_—
17 — - —_— 66 - — -
18 -— - -— 67 -— — -_—
19 1 0 0 68 ] 0 1
20 — -— - 69 -— - -
21 - - - 70 -8 a2 162
22 —— - - 71 ) 11 25
23 2 3 o 72 -— -— —
24 576 17 0 73 — —_— -—
25 51 2 0 74 — - —
26 1 1 0 75 - - —_—
27 - — -_— 76 -— —-— -—
28 —-— — — 77 0 0 2
29 — - -~ 78 - -— -
30 — — — 79 - - -
J - —-— - 80 - - -—
a2 —-— —-— - 8l - —_— -—
33 ‘242 589 64 B2 - —-— -
34 — - —-— 83 _— - ——
as 1 i 1l 4 84 -— —-—— -
36 (1} 8 8 85 - -— -—
37 27 74 34 N 86 — — ——
ki) - - — 87 - — —_—
19 - - - 88 -— -— -
40 - —— — 89 —-— —-— -—
41 -_ - - 90 - - -—
42 - - - 91 -— - -
43 —_— —_— - 92 —-— — —
&4 -— - a= 93 - - —_—
45 - —_— —-— 94 -_— - -
46 -— - — 95 - —_— -—
47 —-— - —-— 96 -— - —
48 — -— - 97 - - -
49 2797 22 10 93 — — -
50 335 98 41 99 - — —_
100 -— - -—

101=126 = no herring -- .10 herring
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- 33 - ICNAF Res.Doec. 72/123

Appendix Table 3.

Number .of herring larvae caught

in the 505 micron net by Walther Herwip

Humber of herring Kumber of herring

Date Station larvae caught Date Station larvae caught
collected number <10 mm  Total collected  number %10 tm  Total
6 Nov, 1971 5 3 140 6 Nov, 1971 63 5 475
5 Nov., 1971 6 2570 2888 " 64 0 11
31 Qct, 1971 8 0 0 " 65 0 3
31 Oct, 1971 9 0 5 7 Nov. 1971 66 ¢] 6
31 Oct, 1971 10 0 2 " 67 0 398
1 Nov, 1971 11 116 218 " 68 8 100
1 Nov. 1971 12 56 96 " 69 0 1
1 Nov. 1971 13 4 36 " 70 0 6
" 14 0 60 " 71 0 417
3 Nov, 1971 16 0 0 " 72 0 204
" 17 0 1 " 13 0 179
" 18 0 6 8 Nov. 1971 74 0 17
" 19 0 7 " 75 0 296
" 20 ¢ 0 " 76 0 197
4 Nov, 1971 21 0 3 " 77 4 50
" 22 0 0 " 78 42 145
" 23 2 5 " 79 0 8
" 24 23 35 " 80 0 9

" 25 57 70 " Bl
" 26 84 137 " 82 0 0
" 27 0 6 " a3 0 o
" - 28 0 0 9 Nov, 1971 84 0 0
" 29 0 1 " 85 ¢] 0
3 Nov, 1971 30 0 1 " 86 0 3
" 31 é 18 " 87 0 8
2 Nov. 1871 32 0 8 " 88 0 24
1 Nov, 1971 33 0 65 " 85 0 4
" 34 1 93 " 90 V) 16
" 35 )] 22 " 91 0 ¢]
2 Nov, 1971 36 0 14 10 Nov, 1971 92 0 8
" 37 0 0 " 93 0 4
" 38 0 0 " 94 0 22
" 39 0 0 " 95 0 0
2 Nov. 1971 40 0 0 " 96 0 1
" 41 0 1 ' b 97 0 12
" 42 0 0 10 Nov, 1971 §8 10 1033
3 Nov, 1971 43 0 0 11 Nov, 1971 99 1] 32
" 44 0 0 " 100 0 19
4 Rov, 1971 45 0 0 " 101 0 1
5 Nov, 1971 46 0 ] " 102 0 9
" 47 0 1 " 103 0 0
" 48 13 125 " 104 28 83
" 49 1180 1239 " 105 74 434
" 50 1000 1837 " 106 298 607
" 52 66 948 10 Nov. 1971 107 127 4272
" 53 12 97 " 108 128 596
" 54 0 13 " 109 0 3
" 55 0 0 " 110 41 410
6 Nov, 1971 56 0 0 11 Nov. 1971 113 25 132
" 57 ] 143 " 114 13 114
" 58 8 38 " 115 1 10
" 59 0 73 12 Nov, 1971 119 0 0
" 60 16 76 " 120 2 14
" 61 0 0 " in 1 3
" 62 2 145 " 122 0 0
" 123 0 0
" 124 0. 0
" 125 3 3
" 126 2 2
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Appendix Table_k.
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ICNAF Res.Doc. 72/123

Station locations, catch and eize composition

of larval herring,
December 2-17, 1971,

ALBATROSS IV Cruise 71-7

No, Herring Larvae

Station .505 + .333
No. Location 410 10-15 =>15 Total
1 43°00" 65°30' 2 2
2 42°45" 65°30"
3 42*30"' 65*30'
4 42°15' 65°29'
5 42°00" 65°30'
6 41*45' 65*30°
7 41°30" 65*30"
8 41°15' 65*30"
9 41°00' 65°30"
10 40"45' 66°00"
11 41°00' 66700
12 41°15" 66°00'
13 41°30' 66°00"
14 41*45' 66°00"' 2 2
15 42°00' 66°00' 4 &
16 42*15' 66°00°
17 42°30" 66°00°
18 42°45' 66°00"'
19 43*00' 66°00'
20 43°12' 66°00' 1 12 13
21 43°30' 66°12' 35
22 43%°45"' 66°16" 212
23 44°00' 66°30' 244
24 43%45' 66°30' 166
25 43%35' 66°30" 2
26 43°15' 66°30" 1
27 43°00" 66°30"
28 42°45' 66°30"
29 42°30" 66°30'
ki) 42°15' 66°30" 1
k)1 42%00' 66°30' 1
32 41°45" 66°30"' 5
13 41°30' 66°30' 22
34 41°15' 66°30' 4
35 41%00' 66°30'
36 40°45' 66°30'
37 40°30' 66°30'
38 40°15' 67°00" 1
39 40°30' 67°00"
40 40°45* 67°00°
41 41°00' 67°00' 3
42 41°15' 67°00' 15
43 41°30' 67°00° 77
44 41°45' 67°00' 59
45 42*°00* 67°00°' 183
46 42°15' 67°00°
47 42°30' 67°00'
48 42°45" 67°00°
49 43°00' 67°00"'
50 43°15' 67°00'
51 43°30' 67°00°'
52 43°45* 67°00°
53 44°00" 67°00° 1 1
54 44°15' 66°56'
55 44°15' 66°30° 1 1
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Appendix Table 4. (Continued)
No. Herring Larvae
Station +505 + ,333
No. Location <10 10-15 _ >»15 Total
56 44"30' 66°15'
57 44*30' 66°30°'
58 44°30' 67°00" 1 1
59 44°26° 67°30"
60 44°15' p7°30°
61 44°00' 67%30"*
62 —
63 43°30' 67°30'
64 ——
65 43*00' 67°30° 2 2
66 —
67 42°30' 67°30* 2 2
68 42*15' 67°30'
69 41°56' 67°30* 1 2 3
70 41°45" 67°30' 1 20 21
I 41°30" 67°30" 66 66
72 41°15' 67%25° 3 189 200
73 41°00* 67°30° 9 9
T4 40°45' 67*30" 1 1
75 40*30" 67°30"
76 40°15"' 67*30°
77 ——
78 40*15' 68°00°
79 40°30' £8°00°' 1 1
80 40*45' 68°00' 2 29 31
81 41°00' 68°00' 3 1 16 20
82 41°15' 68°00° 3 316 319
83 #1°30* 67°55°' 1 67 68
a4 41°45"' 68°00'
85 42°00' 68°00'
26 42°15* 68°00' 1 1
87 42°30" 68°00°
88 43°00' 68°00'
89 43*30" 68°00°
920 44°00" 68°00" 4 4
91 44°15" 68°00°' 5 5
92 44*00" 68°30" 1 10 11
93 43°30' 68°30' :
94 43°00* 68°30"
95 42°30' 68°30'
96 42°15" 68*3¢0"
97 42°00' 68°30"'
98 41°45' #8°30'
99 #1°30°' 68°30° 5 133 138
100 #1°15° 68°30° 2 38 40
101 41°00* 68°30°' 34
102 40°45"' 68°30" 309
103 40"30' 68°30° 4
104 40°15" 68°30'
105 40°00' 68°30°
106 40°15' 69°00'
107 40°30" 69°00" 5 5.
108 40*45' 69°00" 11 69 32 112
109 41°00* 69°00° 1 34 28 63
110 41°15' 69°00' 3 56 59
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Appendix Table 4. (Continued)

No. Herring Larvae

Station .505 + .333
No. Location <10 10=15 215 Total
111 41°30' 69°00' 6 6
112 41°45' 69°00°
113 42°00" 69°00°
114 42°30" 69°00"
115 43°00" 69°00"
1146 43°30" 69*00"
117 43°45' 69°00°' 1 1
118 43%45' 69°30' 11
119 43*30' 69°30"
120 43°15' 69°30'
121 43°00' 89*30°
122 4245 69*30°
123 42°30" 69°30" 1 1
124 42°15" 69*30"
125 42°30' 70°00°'
126 42°45' 70°00°
127 43*00' 70°*00'
128 43*°15' 70°00'
12¢ 43°30' 70*00" 2 2
130 43°15' 70°2s! 6 6
131 43°00' 70*20' 10 10
132 42°45* 70°30° 5 5
133 42°30' 70°30' 1 1
134 42°15' 70°30' 1 4 5
135 ——
136 42°15' 7000
137 42°00° 69°57' 1 1
138 42°00" 69%45°
139 42°00' 69°30’
140 . 41°45' 69°*30'
141 41°45" 69°45" 1 1
142 41°30' 69°35"*
143 41°15"' 69°25"
144 40754' 69°14" 60 55 115
145 40°30"' 69*30" 3 5 8
147 40°00' 69°30°
148 39°47' 69°35"'
151 40°11' 69°54" 13 11 24
152 40*05' 69°57° 17 9 26
153 4023 70°07° 6 18 24
154 40°37' 70°20' 7 133 140
155 40°48' 70°31° 2 49 51
156 40°58' 70°40° 1 42 43
157 41°12' 70°53° 7 7
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Appendix Figure 1.
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Appendlx Figure 2,
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Appendix Figure 3.
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