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Table 2. Proportion of feeding larval herring.

Larvae :

length,mms: Years © 21965 1966 1968 1969 1970 1971 1972 1973 1974 1975
5.0-7.9 Total number, sp. 521 307 72 101 200 42 28 162 226 164
Food containing,sp. 77 4 22 3 5 14 13 46 20
Froportion of feeding sp.,%% 15 1 0 22 2 12 60 3 20 12
8.0-12.9 Total number,sp. 77 60 154 &6 83 1% 68 116 336 297
Pood containing,sp. 25 6 35 18 25 48 50 50 a0 58
Proportion of feeding sp.,%% 30 10 23 27 27 35 7 43 24 20
13.0-17.9 1Lotal number, sp, T5 - 31 6% 17 21 32 219 112 57

Food containing,sp. 4 - 6 27 5 59 21 85 42
Proportion of feeding sp.,%% 27 - 19 42 29 28 66 39 38 4
5.0-17.9 MTotal number, 8p. 613 367 257 232 310 389 128 497 674 518
Pood contairing, sp. 104 10 41 67 33 112 t2)) 148 168 80
Proportion of feeding sp.,%% 17 3 1% 29 11 29 66 30 25 15
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I.Intr t1

4 herring stock inhabiting the Georges Bank area and cont-
iguous rgs:l.ona is one of the most numerous in the Northwest
Atlantic. The abundance of Georges Bank herring stocks is sub—
Jected to sharp fluctustions depending on the strength of the
Jear class recruitment, henoce, marked variations of the yieldas.
When r_egular :t.'q_.sh:l.ng commenced in 1967 the herring yields amount-
ed to 68 thous. tons, in 1968 they inoreased to about 373 thous.
tons snd in 1976 reduced to 43 thous. tons. Bo, the atudy of the
factors telling upon the strength of the herring year classes
was necessiated. To date feeding conditions at the earlier dev-
elopment stages are considered to be the primary factor determ-
ining the strength of the majority of fish species. Begilnning
from 1965, the annual studies on distribution, abundence, comp-
o8ition and feeding intensity of larval herring were initiated
in the Georges Bank area, as well as the studies on composition
and abundance of the food zooplankton. The surveys were conduct-
ed in October after the overall hatching of the larve on the main
spswning grounds of Georges Bank. Daring the 1965 to 1970 period
the surveys were carried out by the Soviet scientists (from
AtlantNIRO). From 1971 to 1975 the resesrch activities were
fulfilled under the International Program for the studies of the
Georges Bank herring breeding tmdertiken by the ICHAF.
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I, Mat an (4]

Ichthyoplankton surveys on abundance and distribution of
larval herring were conducted in the middle or by the end of
October after the overall hatching of larval herring occurred
on the main spawning grounds. The surveys covered the Georges
Bank exrea and adjacent regions of the Gulf of Maine. Prior to
1971 the surveys were made according to the pattern of standard
stations adopted in the AtlentNIRO (fig.1). Beginning from 1971
the internstional pattern o:t standard stations under the ICHNAP
Program was adopted (:rig;a). There are: no principel differences
between the two patterns The survey was usually completely made
at all the stations exept for 1970, when the ichthyoplankton
was collected on the spewning ground of the northern part of
Georges Bank. In the period of 1965-1970 the hanls were made by
the ichthyoplankton conical net (IES-80) with the opening diemet-
er of 800 ca and 0.570 mm mesh size. Vertical hauls in the horiz-
on of 0-50 m snd near the surface were made during the circulat-
ion of the vessel for about 10-15 minutes. From 1971 the plankt-
on sempler BONGO with the opening diameter of 61 om and 0,333
end 0.505 mm mesh size 1s wsed for hauling by depth level (each
haul of 15 minute duration at the vessel speed of 3.5 knots) from
the depths of 100 m or 10 m off the bottom in the shallow water.
The samples are fixed in 4% formalin. The collected and processed
data are given in table 1 by year.

The anslysis of the diurnal feeding habite indicated that
the larve do not feed at aight, therefore, in the laboratery the
larva from the hauls taken during the day were selected for the
feeding studies (fig.3).

The aethods for processing the data on feeding were adopted
from "The Manual of the Studies of the Pigh Foeding Habits in
Natural Conditions™ (E.N.Bokova, 1961). The larvs were mesasured
from the top of the snout to the chord end to within 1 mm. For det-
ermination of the mean weight indices the larva of the same body
length were grouped by 10 mpecimens or less, dried on the filter-
ing paper for about a minute and welghted on the analytical balance.
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Then the abdominel cavity was dissected. Feod orgsnisms werse collect
ed from the intestines, and their genera determined. Heavily digest-
od organiams were determined to within the order. Emaller erganisms
were‘oonbinsd into a single greup; for instance, the Copepods nau-
Plii. All food organisms wers measured, simultaneodisly, their dig-
estion degree was recorded ascordimg to the following scale:

1 - whole fresh organisms

2 - party digested organiams

3 -~ digested orgenimms exoept for carapace

4 ~ completely digested orgmnisas (some non-assimilated

parts of the body).

Based on the measurement of whole organisms snd from the
tables of dependance of organisms weight on the body length thg
weight of food orgsnisms was re-established (V.G.Bogorov and E.N.
Preohrashenskaya, 1934, I.P.Eanaeva, 1962, A.A.Shmeleva, 1963). The
wolght of heavily digested organisms was equalled to mean weight of
the given group of organisms. All the results were combined into
three groups of larva as followss

Te 5.0=7.9 ma ~ larva having yolk=sacs, but already consuming
food organisms;

2. 8.0-12.9 mm ~ larve feeding mainly on small organisms (the
Copepoda nauplii and copepodites);:

3¢ 13.0-17.9 pm ~ larva feeding mainly on copspodites.

Feeding intensity was estimated with regard for the proportion
of food containing lervas end consumption index is the ratio of the
mean weight of food organimms to the welght of food containing larva
of the given length group.

Po deterzine the fak condition of the larva the weight of the
larva of the same length by year was compared to mean welghts calc-
ulated for a series of observations (Xoskov, 1956). |

In addition te ischthyoplankton semples, the zooplankton was slso

collected by a Judey plankton net (1965-1970) and a plankton sampler
BONGO with smaller mesh size.
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111, Results gnd Discussion

The observation period in the Georges Bsnk area was characteris-
ed by low number of feeding larval herring and on the average it
amounted to 3 specimens in 1966 to about 66 apecimens in 1972, which
made up some 20% (table 2). Smaller larva ef 5 to & mm in length
were feeding less intensively thsn average-sized larva of 8 to 43am.
The proportion of larger food containing larva of 13 to 18 mm in
length was lower coqparod.to averago—-sized ones, but higher than
tﬁat of mmallar specimens. The faot thet the number of smaller
feeding larve was lower tham that of the average-sized apecimens
can be attributed to lower feeding intensity during the yolk-sac
resorption. The higher nmaber of average-sized food containing
larva is evidently due to more intensive consumption of food organ-
isms. The lower number of larger food containing larva may be rel-
ated to the fact that larger food organisms are less frequent in
the plankton than the smaller forms. Gemerally, only the insignif-
icant part of larval herring contains food in the intestines with
the exception of the larva from the spawming grounds in the gulfs
or bays, whqre the food zooplankton is gbundant. A_Lceo:.'d:lng to
M.Lebour (1921), Bhattacharyya (1957) snd Bohaek D. (1972), the
proportions of food containing larval herring from the North Sea
were respectively 30%, 45% and 50%. E.Shermasn and I.%noy (1968)
gtated that 47% of the exsmined intestines of larval herring from
the Gulf of Maine contalned the food. According to I.S8.Pokrovskaya
(1955) the food was found in 44% of the intestines of the Pacific
larvel herring. D.Bhnack found the food in ell the larva from the
wegtern part of the Baltlic (Schley Fiord), except for s small number
of the younger gpecimens.

As indicated by E.Z.Bemyshev snd L.G.Ptiteina (1976), the
transition of larval herring on Georges Bank to active feeding
begina on attaining the length of 5 mm. The basic food comp~
onents at first are small organismss eggs snd nauplii of
Copopoda and also the larva of the molluscs (table 3). In
the average-asized larva the food is mainly represented by the
copepodite stages of Copepods, Oithona spp. end Centropsges
spp. (teble 4). Larger larva feed mainly on older copepodite
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stages of Copepodss Calanus finmanrchicus, Paracalenus Spp.,
Pseudocalanus spp. (table 5). Although the food of larval
herring was represented by 28 taxonomic groups, only 9 groups
were preodominant (tables 3-5), the smaller the larva, the
smeller the consumed food forms.

The number of orgsnisms per feeding larvae 18 gensrally
inpignificant (table 6) and in the period of 195}1975 it
averaged to 1;5(1;0 - 2;6) in smaller larvae, to 2.4(1.5 - 4.0)
in averaged-sized larva, snd to 2.0(1.2 - 2,8) in larger spec-
imens (table 6); The consumption index in smaller, average—
sized and larger larva made up respectively 300 (94-834),

207 (101=440) and 72%cee (15-117). Thus, a tremd towards a
decrease of the feeding intensity with growth is svident.

The highest feeding intensity of smaller larva falls on 1965,
1969 and 1973, of average-sized larva on 19_68. 1969 and 1973
and of larger larva om 1969, 1970 and 1973. Judging by the
number of food organisms per feeding larvae, larvel herring
Teed more intensively on Georges Benk thsn in the North Seas,
where, accoerding to Schnack, a feeding larvae gets 4 organisms.
In Schley Pjord the larva of 14 and 19 mm get respectively 4.5
and 8.2 orgenisms each.

The estimation of the food zooplankton for larval herring
ghowed thet its total asbundance in October on Georges Bank
changed by year onﬂal:erage from 3.75 in 1965 to 15.64 thous.
8p./a° in 1969 (tedle 7). Oithobs spp., Centropages spp., Nauplii
Copepoda predominated in the food zooplankton.

The highest abundance of the food zooplankton recorded in
1969 gnd 1970 was attributed to a sharp inerease of the QOithona
8pp. nuxhers... 8o, 1969 and 1970 ware evidently charactherized
by better feeding conditions in October, than other years. The 1970
Joar clasa appeared to be relatively strong, which is likely to
result from a correlation between the high sbundance of the
food gooplankton and better survival of the larva. According to
Idsivnenko L.N. (1960, 1961) in the Riga Bay there exists a pos-
itive correlation between the gooplankton larvae sbundance sad
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the strength of the herring year classes. As estimsted by

D. Schaask (1972), the optimua abundance of food organimms for
the feeding of larval herring should be 200 specimens per liter.
On Georges Bank the average abundance per liter is much less,
Liuctmating from 4 to 16 specimens.

Condition factor of larval herring may be taken sz a summed
index of feedimg conditions, the availability amd quality of the
food being ite main components. In table 8 mean weights of the
larva are given and their divergence from the long-term mean
value. As 13 evident from the table, the highest condition facter
of the larva was observed in 1970 end 1971. In these years the
welght of the larva of 10 am was 28% higher than the mean weight
in the 1966 to 1975 period. Lower condition faetor was observed
in 1968, 1969 and 1975. The only rumerous year elgss was that of
1970, therefore, it msy be suggested that good condition fastor
of larval herring in October 1970 promoted higher survivel.

IV. Conclusjon

The harring astocks are subjected to considerable fluctuat~
ions on Georges Bank deponding on the strength of the recruit-
ment. The availability of the food gt the earlier development
stages 18 suggested to be one of the moat important factors
affecting the year class strength.

In ordaer to study the feeding habits of larval herring and
the availablility of the food, the lchthyo-and zooplankton sampl-
o8 were collected annually in October on Georges Bank during
the 1965 to 1975 period. Both the species composition and feed-
ing intensity of larval bherring of 5 to 18 mm in length were
studied on the main spawning grounds of Goorges Bank after over-
all hatching. The results show that the number of feeding larva
averasged to 20%. Smaller and larger larva feed less intensively
than the avearage-sized ones. The food of smaller larva of 5.0
to 8.0 mm inoluded the eggs and nauplii of Copepoda and soxe—
times larval molluscs. The bulk of the average-sised larvae
(8.0-13.0 mn) diet was represented by copepodite stages of Cop-
epoda. Lerger larva fed on older ccpepodite stages of Copepoda.
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The mean number of 'orsanim found in the intestines of
amaller, average—-sized and larger feeding larva was respectively
1.0 0 3.65 1.5 to 4.0; 1.2 %o 2.8, Nean consumption indices
for smeller, aversge-sized and larger larva were 300, 207 and
27%.e respectively. In the years of studies the feei'l.ng of larv-
al herring on Georges Bank was less intensive on the average
than in other regions, especially if compsred with the larva in
Bchley Fjord in the western part of the Baltic. The highest cond-
ition factor was recorded in 1970 and 1971. The 1970 year classes
ware relatively strong, therefore, in that year the feeding cond-
1tions were evidently more favourable, which promoted better
survival of the larva. In conolusion it should be noted that
the strength of the larva caunot be determined immediately after
hatching, but during the whole winter period right up to the
spring zooplenkton development.
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Table 1. The data on the feeding of larval herring in October 1965-1975.

[ ] [] ry
Year : Date : Gear : ﬂl“li:s depth, , Number of larva
i 3 examined

g $
1965  8~11/I IEK5-80 50-0 ' 483
surface 130

1966 7-14/X IES8-80 50-0 217
} surface 150
1968 6~9/X IES-80 50=0 195
surface 62

1969 11-16/% IKB=-80 50=0 122
surface 110

1970 14-28/I IEB-B0 50=-0 258
surface 52

1971 9-25/1 Bongo-61 4100-0 389
1972 13=28/X Bongo-61 100~0 128
1973 15/X=-1/X1 Bongo-61 1000 497
1974 18~30/X Bongo=61 100=0 ‘ 674
1975 17-30/X Bongo-61 100=0 518

NOTE: Table 2 not received with document - to be issued later as an addendum
to this paper.
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Table 3. Tood composition (weight,% ) and occurremce frequency of f0ood organisms
in larval herring of 5.0~7.9 m

z )

Groups : Length, mm i : T 7 ’Io:rs N 1 1 T
Cepepoda Ococur. fregquency o4 - 9 50 - - 15 22 25
oggs 0,10-0.13 Weight * - 2 50 - - 3 12 1
Copepoda 0.18-0.32 Occur. frequency &5 100 14 - 100 100 62 70 as
nauplii Welight 21 400 2 - 100 100 35 41 >4
Mollusk : Ocour. frequency 48 - 45 - - 8 2 5
larva 0,10~0,20 Weight 69 - 86 - - - 48 12 54
Calanus : Osour. frequency 1 - - - - - - - -
finmarchicus 1440 Weight 8 - - - - - - - -
Paracalanus 8pp. Occur. frequency - - - - - - - - -

Weight - - - - - - - -

Pgeuducalenus app. Oecour. frequency - - - - - - - - -

. Weight - - - - - - - -

Centropages spp. 0.4 Ocour. freqguensy - - - - - - - Y -

) Weight - - - - - - - 6 -

Oithona spp. : Qecur. frequsncy 8 - 14 - - 15 4 -

5.50=0.65 Weight 2 - & - - - & & -

Cther Copaepoda- : Qoeur. frequency 9 - 41 50 - - -] 4 10

and digested 0.40-0,75 Weight + - 6 50 - - 8 25 1

food

Table 4. Food compoasition (weight, %) sud occurrence frsquensy of food organisms

in larval herring of 8.0-12.9 mm

Groups : Langth,am :

Copepoda 0.15=0.25 Oecomr. frequensy 4 - - - - - 14 3
egga Weight 2 - - - - - - - 1 4
Copepods ' Oceur. frequenscy 83 &7 - 47 25 48 80 30 48 43
nauplii 0.20-0.33 Welght 2 37 - 1 5 16 42 5 10 17
Mollusc Occur. freguency 6 - 43 33 8 4 - 2 1 -
larva 0.15-0.22 Weight P23 - 46 35 29 7 - 2 2 -
Calanus Occur. frequency - - - - - - - - - -
Zinmarchieus 1.00 Weight X - - - - - - - - -
Parscalams Osour. frequency - - 3 - - - 40 1 3
DD, 0.70-0.90 Weight - - © - - 13 - 6 4 2
Paendocalanus - : Occur. frequency - - - - - 8 - 2 1 -
BpD. 0.80=1, Welght - - - - - 79 - 4 6 -
Centropages Occur. frequensy - - 11 - - 10 26 12 2 2
8PP. 0.450-0.70 TWelight - - 11 - - 10 30 14 2 2
Oithona spp. . : Occur. freguency 2 - 3 1M 25 12 8 3 20 50

0i50-0.70 Welght 6 - 2 '3 15 7 -6 1 9 32
Othar Copspoda Oscur. fragqusacy 9 &7 54 75 64 38 46 41 33
;ndddigolted 0.48-1.10 Weolght 1 63 35 50 53 38 2 54 66 44

00

b1



=1 -

Table 5. Food composition (weight,%) and ocsurrance frequency of food organimms
in larval herring of 13.0-17.9 mm

' 3
e (Twemwm e T IR T 1570 497 197 e T
Copepoda Occur. frequemgy '~ - ' - ~ - ' = - 5 "2 e -
oggs 0,10-0,20 Weight - - - - - + + + -
Copepoda Oconr. frequancy 25 - 7 - 17 28 1. 17 -
nauplii 0.21=0.40 Welght 22 - 1 - 2 3 + 2 -
Molluse Ooccur. frequency - - 15 - - - - - -
larva G.21 Weight - - 8 - - - - - -
Calanus Ocour. frequensy 75 - - - - 2 - - -
finmgrohicus 1.00-1,50 Weight 78 - - - - 42 - - -
Paracalanus spp. 0.84-0,92 Oceur. frequency - - 26 50 41 10 &1 19 -
Weight - - 43 50 46 4 39 38 -
Pagudocslams o 0.95+1.2 Ooccur. frequency - - - - 2 14 1% - -
il ? Wolght b - - - - 4 10 25 - -
Centropages app. Occur. frequency - 17 - - 3 10 13 - -
0057-0070 'd@t - 5 - - 1 4 9 - -
Olthona app. Ooour, frequensy - - 4 - 3 3 18 3% 100
0.60=0.78 Weighty - - * - e 5 3 15 100
Other Copepoda Ocour, frequenc ~ M7 74 50 39 57 33 45 -
and digested food 0.66~1.15  Weight ey - 95 28 50 % 32 28 45 -
Table 6. Peoding intensity (%.,) and the number of consumed organisms
per feeding learval herring
Length of Years
lerva, mm , 555 1 1966 § 1968 1 1969 3 1970 1 1977 3 1972 3 19731 1975811975 119651
5.0-7.9 Crganiams number 2.0 1.0 ° ] 1.5 ° 1.3 2.4 1.3 2.6 1.4 2.2 1.6
* . Aversge consunption
index o 8% 120 O 380 9% 1% 116 567 178 279 30
8.0-12.9 Crgenisms numbher 2.6 4.0 1.7 2.0 2.0 2.8 3.3 2.0 1.5 1.9 2.4
. . Average consumption
index 162 1™ 440 %67 153 145 166 222 172 138 207
13.0-17.9 Organisms nuaber 1.2 - 1.8 2.6 1.5 2.4 2.8 2.4 1.4 1.5 2.0
* * Average consumption
index 15 - 93 117 107 67 73 83 57 &2 72
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Fig. 3.

heurs

Diurnal pattern of the feeding of larval herring in October 1972.
a. number of feeding larvae, %; b.

consumption index, %
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