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Introduction

The importance of zooplankton as a principa1 source of food of marine fish
1arvae has been long recognized. Litt1e information is avai1ab1e on the com­
munity dynamics of larval fish with respect to inter-and intra-specific compe­
tition for zooplankton food. Reports by Marak (1960), Wyatt (1974), Oiestad et
a1. (1975), and Arthur (1976) describe the food ingested by severa1 species
during their respective studies hut provide no specifics with respect to com­
petition. Recent1y, attention has been focused on the inf1uence of food qua1ity
and avai1abi1ity on larval surviva1 in the water co1umn (Lasker, 1975) and under
contro11ed conditions (Lasker et a1., 1970 and Laurence, 1974). However, these
studies deal with single species. The present report describes the larval fish
community on Georges Bank in spring a10ng with the zooplankton populations.
Aspects of the predator-prey interactions are discussed .

Nethods

Co11ectionsiof ichthyop1ankton and zooplankton were made durin9 a MARMAP
GroundfishSurvey conducted by the Northeast Fisheries Center (NEFC) in spring
1975. Samp1es were co11ected using the standard MAR!-1AP gear, 61-cm bongos
fitted with 0.505-mm and 0.333-mm mesh nets. Co11ections were made at 200
samp1ing locations from Western Nova Scotia to Cape Hatteras, spaced at approxi­
mate1y 15 mi1e (24 km) interva1s. The present analysis was 1imited to 20
samples co11ected from Georges Bank (Figure 1). In the 1aboratory all fish
1arvae were identified and enumerated from the 0.505-mm mesh sample. For the
zooplankton analysis approximate1y 500 organisms were a1iquoted from each
0.333-mm mesh samp1e, identified and enumerated. The a1imentary tracts of
se1ected size groups of the dominant larval fish species were examined for food
organisms under microscope fields ranging from 25-100x. Relative abundance and
dominance indices were ca1cu1ated for both larval fish and zooplankton fo11owing
the method of Fager and McGowan (1963). Regression ana1yses were used to
examine maxi11ary development bet\'/een thetwo most abundant species.

iud
Thünen



2

Larval Fish Community

A total of 23 larval fish taxa were in the collections. Of this number
seven, Gadus morhua, Melanogrammus'aeglefinus, ~~oxoeephalus oetodecemspinosus,
Pollaehius virens, Sebastes marinus, Pholis gunnellus and Cottidae were dominant·
at one or more of the sampling loeations (Table 1). In addition to the dominants,
Ammodytes and Clupea, speeies important to the Georges Bank eeosystem, were
ineluded in the analysis. The appearanee of large eoneentrations of M. oeto­
deeemspinosus is of interest. Catch reeords from the Groundfish Survey of fJEFC
for the past five years suggest that commereially under-utilized speeies ineluding
seulpins and skates (Raja spp.) may be inereasing in abundanee. Whetherthese
speeies are exploiting a food-base formerly utilized by other demersal speeies
that have shown deelines in abundanee (e.g., haddoek, yellowtail flounder) or
the apparent inerease in abundanee is the result of other faetors, is not elear.
This is a problem area that is reeeiving inereasing attention. Studies of tIt
trophic interaetions of juvenile and adult fishes are now underway in NEFC.

Two size. groupings of larvae were in the samples. Gadus, Melanogrammus,
Myoxoeephalus, Pollaehius, Sebastes, Pholis, and Cottidae--were represented by
small spring-spawned larvae « 10mm). The largest speeimens--Ammodytes and
Clupea (> 20 mm long)--were the produets of winter spawning (Figure 2).

Relative densities of the larval fish speeies over the Georges Bank area
are shown in Table 2. The highest number of eo-oeeurrenees for any species pair
was eleven, between eod and haddoek. Redfish were distributed in deeper waters .
along the southeastern edge of the bank and eo-oeeurred the least number of
times with other speeies·. All of the larvae dominant in the eolleetions have
been previously reported as indigenous to the Georges Bank-Gulf of ~1aine .area.

Zooplankton Community

The zooplankton eommunity is represented by 33 taxonomie categories~ Of •
these only two, Calanus finmarehieus eopepodites and Pseudoealanus minutus
adults, were dominant (Table 1). It is likely that smaller forms ineluding
Oithona similis were undersampled in the 0.333-mm mesh nets (Colton et al.,
1976). The abundance of eopepodites of eaeh speeies found in the samples
suggest that the populations sampled were young and growing rather than seneseent.
This is eonsistent with other reports deseribing the zooplankton for Georges
Bank in spring (Bigelow, 1926; Pavshties and Gogoleva, 1964; Green et al.,
1977).

Data from 0.333-mm mesh bongo samples taken on Albatross IV 75-03 were used
to caleulate a preliminary estimate of the wet weight pereenta~ eomposition of .
33 taxa of zooplankton. Mean weight per individual was ealeulated from the mean
length of each taxon using the length-weight regressions derived by Gruzov and
Alekseyeva of the ATLANTNIRO Laboratory in Kaliningrad (personal eommunieation).
Based on these values, the zooplankters Calanus finmarehieus, and Pseudocalanus
minutus represented 74 pereent of the total biomass in spring, 1975 (Figure 3).
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Larval Feeding
!'" ': .' .. ' "," ~. .!". - .• ~·'.l ':!' • ~

The alimentary traets of 752 fish larvae were examined for the presenee of
food organisms. Several areas of feeding overlap were observed. Four kinds of
food were ingested most frequently (in> 10% of the alimentary traets}--Pseudo­
ealanus minutus, eopepod nauplii, invertebrate eggs and Theeosomata, among the
more numerous speeies--eod, haddoek, and seulpin (Table 3). Most of the nauplii
were in poor eondition making speeies identifieation diffieult. Although the
absolute numbers are not known the predominant formswere C. finmarehieus and P.
minutus. The proportion of oeeurrenee of C. finmarehieus to P. minutus was .­
approximately 4 to 1. Invertebrate eggs eomprised a major proportion of'the
diets of eod, seulpin, sand launee, and eottids.

Frequeney of feeding is greatest in the gadids, seulpin, redfish, roek­
gunnel, eottids, and lowest in herring and sand launee (Table 3). We speeulate
that this differenee is related to the morphology of the alimentary traet as
elassified by Duka (1967). It is highly probable that food is retained with
greater frequeney, under the stress of eapture and preservation, in speeies with
a looped gut (e.g., gadids and seulpin) rather than in those with straight
alimentary traets (herring and sand launee). Laboratory observations eonfirm
this tendeney (Laurenee, personal eommunieation).

Two speeies of larvae, eod and haddoek retained suffieient food organisms
in their alimentary traets and eo-oeeurred in suffieient numbers to allow for an
examination of possible inter-speeifie eompetition. The relative importanee of
similar items in the diet of eod and haddoek from 3 adjaeent stations appears in
Table 4. Food items were listed in order of importanee following a Ranking
Index (Hobson, 1974). This index is eomputed by multiplying the ratio of fish
eontaining the item to the number of fish sampled by the mean pereent of that
item in the larval diet. 80th speeies were feeding most heavily on the naupliar
stages of C. finmarehieus and P. minutus; eopepodites and adults of P. minutus
were seeond in importanee for both eod and haddoek. Size distribution of prey
between eod and haddoek was eompared within larval length intervals of 4 mm
(Table 5). The degree of overlap in prey size seleetion was highest in the
2-6-mrn size elass. 80th speeies were feeding most intensivelyon 0.30-0.45-mm
prey items. Some degree of overlap is evident in the larger size eategories
where both speeies were represented. The ability to feed on a wider range of
prey sizes inereases with fish length. Competition for food is potentially
greater among early first feeding larvae when prey size restrietion prevails. In
an effort to examine the possibility of a morphologieal eharaeter displaeement
that eould provide a eompetitive advantage, eomparisons were made of maxillary
lengths bet\'/een the two speeies. Regression equations of maxillary length
versus fish length are plotted in Figure 4. No signifieant differenees between
maxillary lengths were found at the 0.05% eonfidenee level. The divergenee in
mouth morphology whieh effeetively separates the trophie niehe oeeupied by adult
fish of these two speeies is not apparent at the early stages of larval develop­
menta It appears from our analysis within the size elasses examined, both
haddoek and eod larvae utilize the same zooplankton food base. Additional
studies eoneerned with the miero-distribution of larvae and their prey will be
required to further examine the influenee of this potential eompetition on
larval survival.
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Regardless of co-occurrences among various size groups of species, only a
few taxa are important in the food of larval fish on Georges Bank. Of the 33
zooplankton taxa in the samples, only 2, E. minutus and eopepod nauplii, were
important to eod and haddoek. Pol lock and redfish were feeding prineipally on
eopepod nauplii ~. finmarehieus and E. minutus) and seulpin prey were predomi­
nately invertebrate-eggs and small pteropods. Seulpin are apparently more
opportunistie feeders than the gadids. Approximately 5% of the seulpin examined
had ingested diatoms (Coseinodiseus). Although it was evident that we were
underestimating the ineidenee of food organisms in Ammodytes, the prey remnants
indicate that they, too, were feeding on only three principal zooplankters, P.
minutus, invertebrate eggs and eopepod nauplii. -

Reeently eompleted laboratory studies by Laurenee (1977) have defined the
quantity and quality of zooplankton ration required for growth and survival for
two of the dominant larval speeies, eod and haddoek, diseussed in this report tIt
80th speeies displayed remarkably similar metabolie and growth eharaeteristies
during the early stages of larval development. The only differenee deteeted was
a somewhat greater growth rate of haddock at 9°C over eod at 10°C. Whether this
eould lead to a eompetitive advantage remains to be examined more rigorously.
It is elear from this and other studies that mieroseale investigations are
required to investigate the relationship between in situ coneentrations of
larval fish and their prey. In addition to fine-mesh net sampling and in situ
large volume pumps, the use of meshed enelosures for studying the relationship
between larvae and food should not be overlooked. Reeent experiments at the
Narragansett Laboratory have been eompleted using in situ Controlled Environ-
mental Chambers (C.E.C.) enelosed by fine mesh.

To obtain a better understanding of interspeeifie growth and survival
interaction between eod and haddoek a large C.E.C. will be plaeed on their
Georges Bank spawning ground in the spring of 1979. Larvae will be introdueed
and monitored for growth and metabolie eondition under predator-free in situ
eonditions.

•
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.. Table l. Relative abundance and dominance indices (see Fager and McGowan 1963)
describing ichthyoplankton and zooplankton communities from 20 selected stations
on Georges Bank.

Albatross IV Cruise 75-03 Fish Larvae Statistical Su"""ary
Species Mean Rank Lcm. Range Median !':ean Disp. Std. Dev. Freq. % Cccur.

G:,.dlJ'5 ro.-ru3. 18.85 2/20 ,. 93 5 10.8 47.418 22.63 12/20 EO.O
~~ra--'üs eealefi"us 17 .63 2/20 1- 125 2 12.4 79.959 31.49 10/20 53.0
~·vo.oc€':hjlos octo.jec€:r""spinosus 16.00 4/20 1- 94 4 5.9 73.611 20.84 8/20 4J.0
holi S QJrre 11 uS 15.~0 1/20 1- 3 1 0.5 1.378 0.83 8/20 40.0
Follac~lus vireos 14.63 1/20 1- 11 2 1.4 6.776 3.03 6/20 30.0
Ä'r.cc·o'tes a"'eri C3r'lUS 14.55 0/20 1- 12 2 1.3 7.440 3.11 6/20 33.0
hlP~110ssojcJS p,atessoides 13.82 0/20 1- 15 2 1.4 10.8E4 3.90 5/20 25.0
Ch.:€"J narenc\JS 13.72 0/20 1- 6 1 0.6 4.1C8 1. 57 5/20 25.0
~e~s 13.30 3/20 1- 9 1 0.6 6.734 2.01 4/20 2::.0
~leurcncctfa"je- 13.20 0/20 1- 19 1 1.1 16.266 4.23 4/20 no
!Jiaris i"9ullinus 12.90 0/20 l- I 1 0.2 0.841 0.41 4/20 no
CottldJe 12.02 1/20 1- 10 * 0.5 10.035 2.24 2/20 10.0
Beothose~a glaciale 11.92 0/20 1- 5 * 0.3 4.256 1.13 2/20 10.0
A9Cnld.i~ 11.88 0/20 l- I * 0.1 0.961 0.31 2/20 10.0
Glvptocech31 us cyo09'ossus 11.38 0/20 l- I * 0.0 * 0.22 1/20 • 5.0
Pdralepididäe 11.38 0/20 l- I * 0.0 * 0.22 1/20 5.0
CeratoscoDelus tOl,nsendi 11.38 0/20 l- I * 0.0 * 0.22 1/20 5.0
An,odytid~ 11.33 0/20 l- I * 0.0 * 0.22 1/20 5.0
~SPidophoroiMs monopterygius 11.33 0/20 l- I * 0.0 * 0.22 1/20 5.0

ryptdcant"ooes II'dculatus 11.38 0/20 l- I * 0.0 * 0.22 1/20 5.0• Ar~Ji Ila rostrata 11.38 0/20 l- I * 0.0 0.22 1/20 5.0
No:olepi~ 11.35 0/20 l- I * 0.0 * 0.22 1/20 5.0
Nnoleosis rissoi 11.30 0/20 l- I * 0.0 0.22 1/20 5.0

Albatross IV Cruise 75-03 Zcoplankton Statistical Summary
Species Mean Rank Dom. Range Median Mean Disp. Std. Dev. Freq. :. Cccur.

Cal,nus fir,.,archicus b 32.25 6/20 1361- 206094 25573 33030.6 72373.188 52463.28 20/20 100.0
Pseudocalanus reinutu> a 30.47 1/20 143- 23930 9281 11405.2 7612.015 9317 .54 20/20 100.0
Pse'Jd:>calanus r,inutus b 30.22 0/20 224- 31473 9835 9872.0 7E88.640 8712.19 20/20 10~.0

CHhcoa s~p. 23.52 0/20 81- 4222 1544 1171. 5 1195.542 1183.46 16/20 83.0
~iacea 22.97 0/20 153- 8836 2360 2242.3 3764.568 2905.39 14/20 70.0
fo'etridia lucens b 22.77 0/20 162- 29162 734 2988.2 17108.077 7149.99 15/20 75.0
Calanus finn't1rchicus a 21.67 0/20 97- 4257 505 530.1 1591.222 969.01 15/20 75.0
Ealanidea 20.35 0/20 78- 27676 2815 3732.0 14453.550 7346.97 II/Z0 55.0

C~I2~ tvpicus 18.82 0/20 39- 2310 247 279.1 1004.352 529.45 13/20 65.0
;.gltta spp. 17 .45 0/20 78- 8705 292 572.3 6470.453 1924.33 10/20 50.0
~~parvusa 16.95 O/ZO 47- 7511 568 749.3 4559.354 1848.33 8/20 40.0

Cstracoda 16.35 0/20 32- 3235 1042 585.0 2155.277 1122.87 8/20 40.0
Sagitta~ 16.17 0/20 75- 2807 554 393.6 145Z.265 756.05 oizo 40.0
Cen t r"rol.ljes hama tus a 16.15 0/20 29- 2761 311 313.9 1790.109 749.61 0/20 40.0
(~n(rop-a"csh.in.Jtusb 15.90 O/ZO 85- 0520 1670 924.8 5362.620 2226.96 6/20 30.0
J-'etr"idid. lucensr- 15.42 0/20 105- 4639 163 311.9 3391. 907 1020.56 8/20 40.0
Lecapoda -- 14.75 0/20 97- 2773 367 Z51.7 1699.465 654.03 6/20 30.0
Pteropoda 14.72 0/20 29- 4312 1763 585.3 2895.098 1301.73 6/20 30.0
Paguridae 14.17 0/20 84- 221 134 55.1 123.286 82.42 7/20 35.0
Paracalanus parvus b 14.05 0/20 231- 1949 1386 292.4 1223.773 598.19 5/20 25.0
hyreria spp. 13.85 0/20 23- 816 319 103.6 448.889 215.65 6/20 30.0
Caridea 13.47 0/20 124- 624 227 87.0 393.603 185.05 5/20 Z5.0
Ai'pendicularia 13.47 0/20 699- 4825 1689 445.1 3042.876 1163.78 4/20 20.0

e Te-ora loncicornis 13.17 0/20 84- 462 387 77.6 329.402 159.88 5/20 25.0
~septe~spinosa 13.10 0/20 29- 458 134 51.5 294.532 123.16 5/20 25.0
Al teut"a depressa 12.72 0/20 32- 406 218 43.7 274.276 109.48 4/20 20.0 .
~ra clausi 12.67 0/20 117- 1046 283 86.4 712.139 248.05 4/20 20.0
l:rachyura 12.63 0/20 81- 452 169 44.0 285.091 112.00 4/20 20.0
Thvsan~essa 10ngicaudata 12.63 0/20 39- 5128 448 280.8 4671.258 1145.29 3/20 15.0
Gastropoda 12.50 0/20 221· 1873 1606 185.0 1550.982 535.66 3/20 15.0
Ga,....::aridea 12.50 0/20 32- 569 84 38.5 422.969 127.61 4/20 20.0
t;eo...vsis a"'er;cana 11.72 0/20 84- 162 134 19.0 121.972 48.14 3/20 15.0
~is bicelo""i 11.38 0/20 32· 168 * 10.0 143.414 37.87 2/20 10.0

N~TE: * Indicates not applicable.

aAdults.

bCopepodites.

Cescription of the Output Columns:

1. S?ECIES: Genus and species name.

2. MEAN RA~,K: Species were ranked within each sampIe on the basis of nurr,bers of individuals. Ranks for
each species were averaged over the sanpIes.

3. C:M: Dominance represent the numl:er of sal'1ples in which the species made up 50 percent or more of the
individuals.

4. RA~:GE: S:nallest and largest r.onzero values.

5. MEDIAN: Value for which there are an equal number of nonzero values above and below.

6. MEAN: Arith"etic Olean of all station values including zeros.

7. CISP: Clspersion. the ratio of the variance to the mean. The expected value for a random (Poisson) dis­
tribution is 1.0.

8. FREQ: Frequency of occurrence; proportion of sa",ples 1n which the species was found.

9. % OCCUR: Frequency of occurrence converted to percent.
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Table 2; Occurrence of larval fish taxa on Georges Bank, expressed as relative density, numbers per 100 m3.

Stations
Fish Species 139 143 162 164 172 173 176 177 178 183 188 191 196 197 198 200 202 203 204 205

Melanogrammus 1.7 0.4 - 24.8 1.8 9.3 0.3 2.5 70.8 - 33.6 0.6 - 0.5 0.6 . -
aeglefinus

Pollachius 0.5 2.2 - 10.6 - 9.0 1.5 - 2.9 -
virens

Gadus 0.3 - 6.3 93.0 11.6 31.8 3.6 1.2 40.8 - 22.1 0.6 - 0.8 1.2 0.5
morhua

Myoxocephalus 0.4 - 0.3 4.7 0.7 0.3 - 3.5 4.8 - 0.1 2.2 94.2 7.3 0.9
octodecemspinosus

Ammodytes 0.8 0.4 - 1.9 - 12.0 7.5 2.5 - 0.1 0.5 0.1
americanus

Clupea 1.0 0.7 1.1 6.0 4.2 0.2
harengus

Sebastes 0.7 - 0.7 - 9.1 0.5 -
marinus

Pholis 0.4 - 1.5 - 0.3 0.3 0.3 - 0.8 0.3 0.1
gunnell us

Cottidae 9.7 - 0.7 -

. .



Table 3. Summary afstamach cantents ,af larval fish cal1ected from Geo,rges Bank,
spring '1975

Ca~us Mel!nOS."'i!T\lS PolhcMus !'Y~~~l~ ~~~ Clup-!.! ~~~_a!!!l P...~lh
Nrt1ü" ae91ellr;üs- ~ octOCE CF':.p,nosus 'l"lErH;anUS hal'"f'nguS I'",H''''uS gu;:;""';:Tü, (otttdu

..,. Fh" huir:.N 216 158 54 134 80 42 31 16 21

ho. r~l"9 176 95 31 111 22 19 12 10

Je'e'd.l"'9 tnci~~@ (:) 81.5 60.1 57:. 82.8 27.5 2.4 61.3 76.0 47.6

Prof s: of Prry s: of Prey ~ or Pref S of Prey I or Prof I or Prof : of Prey S of Prey : cf Prey

P'~-rlC\C~l.wo:-.:s~ 25.2 7.7 11.2 1.1 11.4 66.7

(63)"
..'

!.~fr.;. (17) (6) (4)

~f;rr~"c"icvs 0.6 0.8

~. fif'r..H·'C"';~s frag. ' (I) (2)

Cr':~l""t":"~S h'ticus 0.1 1.3

.f..~f"9.
f..~ 0.6 2.8 0.8 100.0

~.~fr.~. (I)

Ce-~rt':-!:~s Sj:j). 0.9

T~r.!l l{''':~c::rnh 0.6

tiJ:p-;-acticoid 0.4

C!h~'.,;s s:-,_ 0.4

t.1an~id 2.1 29.9 2.1

Cahnoi::5 fr.~~ts (30) (2)

ta.lan:Ji~ ~;e;x)dites 0.4 1.5 6.3

talanoid co:>e;KXIites frag. (1)

tahnoid roi:.;;ll ius 4.2 14.6

(al.noid r~:.:;:1ius frag.

~ S=,";I. frag:""lents (I)

CCj:'ePOC!a 0.1 2.8 0.4 2.1

Co~?OCa fu~ts (27) (29) (I) (I) (15) (2) (I)

Co;>o:>O<. c<:,"~i tes 1.7 0.9 6.3

Co~~a c:;e;:ooeites frag. (12)

CC'~;>oca r..!;,;;::1ius 20.3 85.1 39.3 6.0 6.1 96.6 2.1 15.4

Co;>e?C::.t ro!:':Jl h:s frag. (4) " (31 ) (6)_c,,",ta«. 0.9

CrwSUct! fr,p"lU (10) (12) (I) (11)

(n,;sUCf'! r~:.o;J1ius 2.2 1.7

EIO~r.a;.,;si a:u 6.5 0.2

[u;:"~..sil;e. fra~r:ts

E..; ....aloiSh.::U caly';)tcpis 0.2

El,,;;~..a;J\\l:U nauplius 0.1 '2.1 4.7 3.6

Cla~oc!''', 0,,1

f:l,::'I'.tt:..! 0.2
~hnl~!~ 8.1
C"tTa~~l 0.4
T".etoso.-c~ 29.3
:~'I'erte:"!:e t;;5 41.6 2.6 35.8 79.5 3.4 2.1 &-1.6
C::Si",:-~'ii:_S s,_ 0.4 1.7 5.6

~s::. 0.2

l,;nide"':if:t~ zC'('::~!".kton 1.9 0.2

l.n;C=e",:~if~t':: ':;ato- 0.1

LntC:e":.H,f": N .. ;lil.lS 0.'
L.rnce .. :t#u:; frcr-r:-",u (5) (1)

'fN-:_f":1 cf OCCu""en<.4!' ..



Table 5. Prey s;ze select;on, expressed as the percentage of measurable prey
(length, mm) with;n larval f;sh s;ze groups of 4 mm.

Larval F;sh S;ze Groups •Prey S; ze 2 - 6 mm 6 - 10 mm 10 - 14 mm > 14 mm
Intervals, mm Cod Haddock Cod Haddock Cod Haddock Cod Haddock

1'.50-1.35 7.1

1.35-1.20 7.1 20.0 14.3 53.3

1.20-1.05 3.4 2.4 7.1 30.0 20.0

1,.05-0.90 4.8 14.3 10.0 28.6

0.90-0.75 11.9 7.1 28.6

0.75-0.60 3.4 3.9 7.1 14.3

0.60-0.45 6.9 20.6 4.8 7.1 14.3

0.45-0.30 69.0 67.6 19.0 50.0

0.30-0.15 17.2 7.8 38.1 40.0 26.7

0.15-0.0 11.9
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Figure 1. Samp1ing locations over the area of Georges Bank, bounded by the 200 m contour.
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Figure 2. Mean lengths and standard deviations of larval fish collected
from Georges Bank in spring 1975.
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Figure 3. Percentage composition of the zooplankton biomass on Georges Bank in
spring lQ75.
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Figure 4. Cor.:parison of maxillary development bet\'leen cod and haddock.
The F test for difference in regression slopes (Fs = 3.914) was not
significant at a = 0.05.


