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The feeding ecology of juventle (< 140 dm TL) and adult (>140 mm

TL) capelin (Mallotus villosus) in the St. Lawrence River estuary and

western Gulf of St. Lawrence was studied between October 1974 and

) . ;
Octobef‘§l975. Both juvenile and adult capelin fed almost exclusively on ¥
zooplankton. Three prey totally dominated the food of capelin.

Copepods were the most numerous pfey {tems in the diet (except in May -

.
- by

June when euphausiids were dominant)-but euphausiids were the dominant .

a pi‘ey in terms of biomass of food consumed. Appendicularians ranked \ ]
third in their contribution to the diet both in terms of number and
biomass. This ‘pattern differs significantl; from that repbrtbd for
capelin from the Canadian Atlantic only to the extent that : >
b . : mphi;_;oda replace appendicul.;rians in the diet. The relative importance

of the thr rey groups is, however, very similar. A clean shift in

/
diet occdrred during fish growth. Pre-metamorphic capelin consumed

small prey exclysively; invertebrate eggs, cyclopoid copepods and

diatoms forming|the bulk of the diet. The diets of juvenile and adult

capelin overiap considerably but a pronounced uﬁift in the {1e

small copepods to adult euphausiids occurred at approximately /140 mm TL.

‘ 2200 h in the evening. A single midday feeding peak prevailed in
October-November. Feeding of adult capelin was active fo the spring
prior to spawning but virtually ceased during spawning. Juvenile

capelin fed actively throughout spring and summer. The ration of
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zooplmkton by capelin was e;gimnted to be 5% of wet body wigh: in
summer May = Sepﬁalbcr md approxintely 2,52 in October - !lovabdt -
The diets of capelin from the estuary and Gulf were d-ilar, llthomh'
large copepods v;re'-u;h less abundant in"the diet of fish collected :ln‘
th; Gulf. The l\;ﬂet cins\nption of zooplankton by capeliii in the
Cam;dinn Atlantic has declined fr‘on‘334,000 to 83,000 metric tons per
day between 1972 and 1978, Year-to-xur changes in average dauy&
consumption of greater than 100,000 metric tong have occurred during
this 1nterva1. It is -uggested that this significant year-to—year and
long—-téerm r\eleue of zooplankton from predation by capelin may be an

important regulator of changin”in year class strength, growth and ”

species composition of the area.
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D'octobre 1974 & octobre 1975, nous avons &tudi& 1l'écologie

alimentaire du Capelan (Mallotus villosus) de 1'estuaire et du golfe

’
du Saint-Laurent. .Juvéniles (< 140 mm LT) et'adultes (> 140 mm LT) se

nourrissent presque ;xclusivement d'organisdgs zooplanctoniques.
Trois groupes d; proies parmi ceux-ci ont é;é trouvés essentiellement
dominants dans le régime alimentaire des capelans. Les copépodes
constituent les proies du régime les blyn nombreuses (sauf en mai-juin
ol les euphausiacés sont les plus 1mpor;anteq), mais du point de wvue
des biomasses de nourriture ingérées,/les euphausiacés'en sont les

proies dominantes. Les appendiculaires enfin se classent troisidme

&

/
en importance, tant d cause de leut nombre que de 17ur biomasse. Ces
,risqltafa sont comparables & ceux qul ont &té& ttouy%s chez le capelan

de 1'Atlantique canadien, et 116 ne s'en distinguent de fagon signifi-
{
cative que par le fait que, chez ce dernier, les amphipodes remplaceit

les appendiculaires dans le régime. L'importance relative de ces trois

o

groupes de proies demeure cependant trés semblable dans les deux cas.

Un changement progressif marqué se produit dans l'alimentation des
capelans au fur et 2 mepure de leur croissance. Avant leur métn-orphone
les cgpeIAnn se noutriésent exclusivement de petites proies, oeutu
d'invertébrés, copépodes Cyclopoldes et diatomées constituant 1'essentiel

de leur régime. Les régimes %:s capelans adultes et juvéniles sont 2
bien des &gards semblables 1'un & 1'autre, mais nous notons un changement
trés net chez les poissons dont les tailles vont en s'accroissant &

partir de 140 om LT*envifon. Les copépodes de petite taille sont alors
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remplacés progressivement par des euphausiacés uh;ltu dans les contenus
stomscaux. Entre les mols de mai et d'aofit, 1'activité nycthémérale d;l
cqpclan; e‘stﬁmrqué«; par deux périodes d'alimentation maximum, la.
pruil;:e e'nttc le levée du soleil et le milieu de 1a matinde, 1a
seconde entre 16h00 et 22h00 dans la soirée. En octobre et novembre,

' ' nous n'avons observé qu'une seule période d'alimentation intensive, vers

le milieu de la journée. Les capelans adultes se nourrissent de facon

prononcée au cours du printemps, avant la période du frai, mais 1ils
cessent de s'alim;znter pendant le frai lui-mBme. Les juvéniles par -
contre se nourrissent tout au long du printemps et de 1'été. La ration
de zooplancton consommée quotidiennement par le capelan a Eté estimfe l .
5% du poids mouillé du corps du poisson, de mai 3} up'tnbre. et 3 emviron
2.5 Z en octobre-novembre. Nous avons trouvé que les régimes des capelans :
) de 1'estuaire et du golfe &taient semblables, bien que les gros coplpodes
soient besucoup moins abondants dans la nourriture des poissons provenant .
du golfe. Nous considérons qu'entr;a 1972 et 1978 11 s'est produit chez
les capelans de 1l'Atlantique canadien une diminution de leur consommation
estivale de zooplancton allant de 334,000 3 83,000 tonnes métriques par
Jour. Des différences annuelles de plus de 100,000 tonnes métriques dans
la consommition journalidre moyenne de zooplancton sont apparues au cours

de cette période. Cette baisse significati.ve, observée d'une annfe 3

1'autre et & long terme, dans la consommation de zooplancton par Te

capelan a entrafné dans le milieu une mise en libert& d'organismes zoo—

planctoniques qui, autrement, auraient &té soumis i la prédation du poisson.
I1 est suggéré que c/ei:te 1ibération puisse 8tre un fxctéur important de
régulation de 1'abondance des classes d'dge, de la croissance et de la
composition en elplces} dans cette région.
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PREFACE )

in keepinf with the tégulations for thesis style authorized by the
Graduate Committee of( the Biology Departlen\t nt‘HcGﬂl, this thesis has
beén writt:en in a form suitable for publication, ﬁce was made of the
style recommended by the Journal of the Fisheries Reasearch Board of
Canada and a manuscript embodying the results of the thesis has bsen

forwarded ‘to that Journal for publication.’
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IX?TRODUCTION

i

The ca;}elm, Mallotus villosus (0.F. Miller), is a key element in

the marine food web of the North Atlantic Ocean. Bailey et al. (1977b)
reported Ee anqml consumption lof capelin by minke whales, fin dmlu,.
'harp seals and cod in the Northwest Atlantic to be in excess of 30 x 107
metric .tons, and listed an additional 23 species of figh, birds and
mamnals, l:noun to be major predators of capelin, for which no estimates
of conm’npt’ion :‘a/tf_i; are available._‘ Minet an:ls Perodow (1978) have
similarly demonstrated the importance of capelin in the diet of cod in
the Gulf of St. lawrence. Winters and Carscadden (1978) consider
capelin to be "the most important fish fodde'; resource in Canadian
waters of the Northwest Atlamntic”. The dramatic increase in commercisl
exploitatic;n of capelin which begarn in 1971 (Winters 1975; Winters and
Carscadden 1978), has led to concern for the continued viability of.
capelin stocks and, e'qzmlly iu;portantly, for the fossible impact of a
reduction in capelin abundance on their predators (Winters 1975; p -
Carscadden 1976; Mc”Cracken and:‘ MacDonald 1976).
Central to a complete understanding of the productive cap“acity of
capelin is a knowledge of its feeding ecology. While the diet of . '
capelin ‘has been studied p}‘eviously, a clear understanding of their
feeding has been hampered by the fact that samples of fish used in these
studies have been collecbe‘d over relatively short time intervals, and
have differed greatly both in t;rms of geographical area and size of

capelin examined. For example, Jeffers (1931) examined the food types

of a non-specified number of adult capelin sampled from the Strait of
- P

vk,
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Belle Isle during the spawning perivd; Templeman (1948) has briefly
documented the feedi/ng of a few offshore, immature and maturing- capelin
found in salmon stomachs, and of a small mnbc;r of coastal adult capelin
sanpled immediately prior to, ?uring, and after spawning; and Wintefs ya
(1970) reported on th; }ntensity“ of feeding and fat content of juvenile

and adult capeli.n aamJled in Trinity Bay from the over%rintering to the
spawning period. Kovalyov and Kudrin (1973) described the feeding

intensity and the main components of the digt of Grand Banks capelin in
spring and early summer. Rec:gntly, Chan and Eatscadden (1976) gave a

brief account of the feueding of Labradoru ‘capelibn in the fall.

This paper reports the results of the first comprehensive study of

" the food and feeding habBits of juvenile and adult capelin over a full

year.” The study was conducted in the St. lLawrence estuary and the

vy

~

western Gulf of St. Lawx;ence.

4

N

——

e -




' MATERIALS AND METHODS
p

Juvenile and adult capelin used for stomach content analyses in

"this study were sampled in October and November 1974 and April through'

October 1975 during research cruises conducted between Ile aux Coudres
in the St. Lawrence estuary and Natashquan on the north shore of the
Gulf of St. lawrence, and southward to the entrance of Baie des Chaleurs
in the southern Gulf (Fig. 1). Juvenile capelin caught in July 1974 at
the entrance of the Saguenay River were also included in the feeding
analysis. This ‘study forms part of a larger investigagtion of the
ecology oé larval, juvenile and adult capelit; from this tegit;n (Batiley

et al, 1977a,b; Jacquaz et al. 1977). The location of sampling sites

3.

for food analyses are given in Fig. 2. All eampling was conducted with .

a modified Boris midwater trawl (Bergeron 1973) equipped with a headline
transducer (Boudreau 1973). The length of tows was generally restricted
to less than 30 min to ensure the sampling of discrete groups of fish.
A random sample of 50 fish from each catch was preserved in 10%
formaldehyde immediately after capture. This number was found to be
sufficient to provide adequate representa‘tion of different size classes
and/or fish of different stages of maturity. When the sanple was

composed of fish of uniform sizes and maturity, 15 adult or 10 juvenile

fish were analyzed for stomach contents. The number of new prey

categories identified in any sample when more than 10 juveniles or 15

.adult capelin were examined was small, and never influenced estimates of

the composition of the diet either 'by nuuber or by weight (Hé. ). In

mixed schools of different size classes or maturity stages a semple of
M~

each category was analyied. ' !
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Fig. 1. St. Lawrence estuary and western Gulf with
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Fig. 2.

~

Llocations of sampling sites for analyses of
feeding {ntensity ancf composition of the diet of
juvenile (A) and adult ( + ) capelin in the
estuary and westenll Gulf of St. lawrence, ‘
1974=75. B juvenile and adult capelin sampled
from the same sct.xool were analyzed. A capelin in

these samples were analyzed only for feeding

intensity and not the composition of the diet.
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[ Cruise 75001 (Apr.29- Mayi4, IS7S)ein. 1-18
Crulse 75007 (June 5 - IS, 1975)s#. 19-40

49°
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S Cruise T4019 (July 4, 1974)sin. T2

43

/
Cruise 74051 (Oct.1-18,1974) stn. 101415
™ Cruise 74056 (Nov.20-Dec.2 1874 )stn. 119129
Cruise 75031 (Sept.29-0ct 12,1975) oin.51- 6
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Fig. 3. Relationship between the number of stomachs
examined and the number of new prey items found

! for each fish added to the sample.
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Total length (TL mm), wet wefght (g), sex, and maturity were
recorded for each fish. No correction was made/ for shrinkage due to
preservation, which we estimated to be 3~47%.

Food was temovedkcn the stomach, placed on filter paper to
remove excess moisture, and weighed to an accuracy of 0.1 mg. We then
computed an index of fulln:ess (IF) for each fish as follows: IF = (wet
weight of food/wet weight of fish) ‘x 1000. A mean value was; calculated
for each station, or if the sample contained capelin differing in

—

maturity or in size, for each group. .

To dog.;nent the daily feeding chronolegy of capelin we perfommed
an angular tranaﬁomation on the ratio of wet ueigl:t of food to wet
weight of fish to stabilize the variance of the samples (Sokal and Rohlf
1969; Foltz and Norden 1977). Means and 952 confidence limits of the
ratios were then calculated for each station and back transformed to the
original scale.' Data from all stations at which capelin were spawning
at the time of ca.pt:ure or had recently spawned were excluded from this
analysis because the feeding behaviour of capelin is strongly depressed
during spawning (Winters 1970).

The most abundant food 1tgms in the diet were identified to
specieg, The larval stages of the most abundant copepod species were
recorded separately. Counts were made of all prey items in each stomach
except for appendicularians (Larvacea) which were impossible to separate

s -
when they occurred in tangled masses. An index of importanée (IN =

i

Y(2 composition by number) x (2 occurrence) ) was calculated for esch

prey category (Windell 1971; Grabe#1977).

I LRI P S




Dry weights of the more abundant prey (euphausiids, copepods and

appendicularians) were summed for each station. An index of importance

by weight (IW = /(T composition by weight) x (% occurrence); Windell
1971) was calculated for each prey category and a mean value of the’
index was derived. :

We defined juveniles as post-metamorphic fish . in the length

category 75-139 mm (TL) and adulte as fish > 140 mm. This separation

- was based on length ranges for the two categories reported in Bailey et

“al, (1977 a,b).

\
For the purposes of this study we defined the boundary between the

estuary and the western Gulf as a line running from Baie-Comeau to Les
Michins (Fig. 1). Thig line delimited the presence or absencd of Temora -
longicornis, a copepod common in the Gulf (Steven 1974) but absent from

»

the estuary {(C3té 1972), in the stomachs of caéblin._ .
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- ) RESULTS

Diet:( énn;position R
\\_/ s P

Both juvenile and adult capelin fed almost exclusively on

zooplankton (Table 1, Pig. 4). Copepods were the dominant prey

category. Calanus finmarchicus, Temora longicornis, and Pseudocalanus
s
minytus were the principal species consumed. Euphausiids occurred at

moderate fréquency in the diet but their numerical abundance was low

relative to that of the.copepods. Thysanoéssa raschii dominated the

euphausiid group (Table 1),

Dry weight analysis ¢f stomach contents revealed that, in gpite of
their smaller numerical abundance in the diet, the biomass of
euphausiid crust;;ceans consumed was greater than that of the copepod
crustaceans (IW 4731 and 37.36 respectively). Appendicularia‘ns
(Larvacea) ranked third in terms of their contribution to the biomass of
food consumed (IW = 7.7). Other prey categories; made a minor

contribution to the diet both in terms of numbers and biomass (Fig. 4).

Size Related Differences in Diet ’

Considerable overla? occurred in the diets of juvenile and adult
capelin (Figs. 4, 5). There v;as, however, a definite sghift from a
predominance of smaller prey to larger prey wichJ increasing fish size
(Fig. 5).

Copepods were the dominant prey of juvehile capelin both in

numbers and biomass. Euphausiids/and appendicularians, while common in

the diet, were less important (Fig. 4 A,B). Among the residual food

»3".73;‘; wlan s - -
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Table 1. Diet composition of capelf; om the estuary and the western Gulf of
St. lawrence, mn-nfs. (Juvenile and adult capelin cowbined: N = 683).
Trequency of Percent Index of
Food item occurrance composiqion importance®
(percent) (by numbaer)
EUPRAUSIACEA 7 354 2 8.8
Thysgnofssa ranchyl (M. Sars) 17.0 1.2 5.5
Thysanoéssa s (Krdyer) 6.0 0.1 0.8
/ Thysanoéssa sp. 5.3 0.3 1.3
P Meganyctiphanes vegica (M. Sars) 0.9 < 0.1 0.1
Unidentifiable Bp.\K 5.0 0.1 0.8
Euphausiacea juven}*e 6.9 0.5 1.9
COPEPODA /- /| 53.2 92.1 70.0
Calanus fimrchlq/us (Gunnerus)! 40.3 S 33.3
. Calanus hyperboreys Krg¢yer 13.6 3.0 6.4
Euchaeta norvegica Boeck 23,1 2.0 6.8
Metridia longa (Lubbock)?2 22,1 3.0 B.1
» Unidentt ge Cilanoida 5.9 1.7 3.2
Temora longicornis (0,F. Miller) 22.3 46.1 32.0
< Pseudocalanus minutus (Krpyeés) 16.4 6.8 10.6
. Other saall Calanoidal 13.9 0.4 2.3
Oithona sp. 10,0 1.5 3.8
OTHER CRUSTACEANS 17.7 3.9 8.3
OSTRACODA v 3.4 0.1 0.5
COPEPODA Harpacticoida 2.2 < 0.1 0.3
AMPHIPODA Hyperiidea S.1 0.1 0.7
Naupl {1 (Copepoda, Cirripedia, Fuphausiaces) 7.2 0.4 1.6
' Fuphausiacea larvae (calyptopis, furcilis) 1.5 < 0.1 0.2
Euphausiiacea eggs 3.2 3.2 . 3.2
OTHER FOOD TYPES 19..0 1.7, 5.7
4
Inver tebrate eggs 7.2 0.9 2.6
GASTROPODA and PELECYPODA l,prvae 6.4 0.2 1.2
' CHAETOGNATHA (Sagitta sp.)\ 4.0 < 0.1 0.5 -
LARVACEA (Dikopleura sp., Fritillaria sp.) 25.0° - —_—
PISCES eggs® 2.9 0,4 1.1
PISCES larvaed 1.8 0.1 0.4

(N
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Table 1 (Cont'd)

l % attempt was made to separate the closely related species C. glacialis Yaschnow from
C. fiomarchicus . C. glaciilis did, however, occur. ‘

2 M. lucens Boeck was found in 2 stomachs.

3 Includes Microcalanus sp.,‘ Eurytemora spp., Acartia spp., Centropages hmt:u
~———————€Li11jeborg) and unidentifiable spp.

4 Almost exclusively capelin.
qS Almost exclusively capelini Your redfish larvae (Sebastes sp.) were fourd iIn one

stomach. a

®

>
8 Since they were not counted, appendicularians {Larvacea) were not included in the
summarizing vduu.of the "Other Pood Types™ category.

NI
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Fig. 4. Index of importance by number (A) and weéight (B)
of components of the diet of juvenile and \adult
capelin sa“nnx;led in the estuary (oxﬁin bars) and
western Gulf (solid bars) of St. Lawrence. QO

'Y ®

and @ indicate an index value of 1 for estuary

and Gulf respectively.
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Fig. 5. Index of importance (by number) of prey of ‘/

— . varying sizes 1in the diets of fish of varying

slzes.

{ - ® adult euphausiids
A large copepods (1)
A small copepods (2)
Sother small crustaceans (nauplii, Jmphipoda
Hyperiidea, Ostract;da, Copepods Harpacticoida)
Oeuphausiid eggs
O other food types (invertebrate eggs,
) . Pelecypoda and Gastropoda larvae,

Chaetognatha, fish eggs and larvae)

1) Large copepods include principally Calanus

finmarchicus, C. hyﬁerboreus, Euchaeta '

norvegica, Metridia longa.

2) Small copepods include princii;nlly Temora/

longicornis, Pseudocalanus minutus, Oithona

8p.
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items eaten, smaller prey such as‘ invertebrate eggs, nauplil, euphausiid
eggs and larval, gasn:opod and pelecypod larvae were more abundant in
the stomachs of juveniles than of adults (Fig. 4). Euphausiid eggs
f‘o;ned a major portion of the diet of juvenile capelin in May (Fig. 8).
The copepod prey of juvenile capelin was dominated by small species,
principaivly th; calanofd species T. longicornis and P. minutus, andlto a
lesser extent by cyclopolds of “the genus Oithona.

In contrast, adult euphausiids were significantly more abundant in
the dfet of adult capelin, both in terms of mnbe\rs and biomass, and the
inm ance .of small copepods wa; depresgsged (Fig. 4, 5).

e diet of pre-metamorphic capelin (Bailey et al. 1977a) differed
greatly from that of juvet;iles and adults, being dominated by smaller
prey items th&;l that fed on by the larger fish., Invertebrate eggs,
cyclopoid copepods; and diatoms were major components of the diet and
generally increased in impottanc;e as the fish incret:sed in length.

Nauplii, copepodites and adults of small copepod species formed the

balance of the diet (Fig. 6).

Spatial and Temporal Variation in 'Diet
a) Diel Periodicity
Two distinct diel Patterns of feeding were evident. These

patterns were similar for both juveniles and adults. From May to August

two feedirg periods occurred (Fig. 7). The quantity of food in the

> .
stomachs was high from .sunrise to mid-morning; the proportion of empty

stomachs between 0600 and 1000 h averaged 34X and the mean index of
fullness (IF) was 10.3. In contrast, capelin sampled between 1000 and

‘ 1 ) .
1600 h did not appear to be feeding heavily. The mean proportion of

1
]
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Fig. 6. Index of importance (by number) of components of .
the diet of pre-metamorphic capelin.
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Diel febding acltivity of juvenile O and adult @
capelin from the estuary and western Gulf of St.
Lawrédce. Mean weights (g) of stomach contents
per kg of fish per station. J Vertical lines above
and belo; means, 952 confidence intervals. Sglid

bare, hours of . darkness.
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empty stomachs during this interval was 54X and the mean index of
fullness (IF) declined to 6.2. A second feeding peak occurred in the
early evening (1600-2200 h). During this interval the proportion of
empty sl:omac‘hs corresponded closely to the early morning level (32Z%) and
the wean index of fullness increased sharply to 13.1. Additional
evidence of diel periodicity in feeding during these months is given by
our observation that prey items in the stomachs of fish sémpled rin the
1000-1600 period were in a much more advanced state of digestion than
were prey items in stomachs of fish sampled during the morning and
evening peaks.

A di}stinctly different feedwing chronology appears to prevail in
October and November. The intensity of feeding at this time was much
more variable, with some samples containing fish having an index of
fullness equal to or greater the maximum db;erved in the May-August

period. Numerous other samples, collected during the same time

v
¢

-

interval, contained fish whose index of fullness was very low (Fig. 7).
A precise interpretation of the daily periodicity of feeding during
these months is made difficult by the smaller number of samples
available from the darkiperiod. Nonetheless the average index of
fullness for 9 night samples was significantly (p = 0.001) lower (IF =
5.05; SD 8.42) than the average index for the 18 samples from the light
period (IF 11.3; SD 15.79). Similarly, the proportion of empty stomachs
in tt;e nighttime samples was higher (night 77.3%; day 59.2%).

This data suggests the presence of a single feeding peak in late
fall - early winter. The appareni: longer period of feeding at this time
m&l be the result of slower evacuation rates due to the lower average

temperatures at this time of the year (Bailey et al. 1977b, Table 1).
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b) Seasonal Variation

Capelin exhibited a seasonal variation in feeding irtensity which
differed between ';!uveniles and adults and was strongly related to
spawning activity. Adult capelin captured prior to spawning in the
spring were feeding heavily. For example, in the western Gulf where
spawning had not yet commenced at the time of the May cruise the
frequency of empty stomachs in” the samples was 36X and the index of
fullness (IF) was 17.7. In contrast, in the estuary where spawning had
already begun (Bailey et al. 1977b) 83X of the stomachs sampled were
empty and \the feeding intensity was low (iF = 2.7). Many of the
stomachs of these spent capelin in these estuary samples contained smand
in variable quantities together with small numbers of capelin eggs.

The intensity of feeding by adult capelin sampled in the western
Gulf one month later, in June, had declined sharply (X empty stomachs
89%; IF = 2,82). Spawning was occurring or had recently terminated
throughout the western Gulf at this time. The only exception to this
general cessation of feeding by adults during the period of spawing
occurred at Baie Ste-Marguerite. There, recently spent females were
feeding actively (IF = 14.4). A similar pattern was observed in the

southern Gulf at Grande~Rividre.

1

\

Very few post—spawning capelin were sampled anywhere throughout
the study area during the summer. This was largely attributed to the
heavy mortality known to occur after spawning (Templeman 1948; Bailey et
al, 1977b). Where adult capelin were‘collected (Stations 43-50, Fig.

2B) they were feeding actively (% empty stomachs 14.3%; If' = 21.1).
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As previously noted (Fig. 7) the feeding intensity of both
Juvenile and‘ adult capelin in October and November was highly variable.
In general, however, feeding intensity w5 lower at this time. In 1975,
69% of the stomachs of capelin > 140 mm TL which would spawn the ' /
following spring were empty and the mean index of fullness was low (IF =
7.80). Similar sized capelin sampled in the western Gulf in,1974 had
virtually ceased feeding (IF = 1,9%, empty stomachs 852).
In contrast to adult capelin, which virtually ceased feeding
during the spawning period (estuary April-May; Gulf May-June; Parent and
Brunel 1976), jwenile capelin fed actively throughout the spring and
summer. The only juveflile capelin sanpled in May of 1975 were collected
at midday when feeding intensity is at its daily low (Fig. 7).
Nonetheless, only 12X of these fish had completely empty stomachs |
indicating that feeding had been active earlier. Juveniles collected in .
ear]:y June, simultaneously with spent females, at several stations in
the estuary and Gulf, were feeding actively (IF = 10.9 - 23.9). During
the remainder of the summer and fall the feeding intensity of juvenile
capelin was similar to that of the adults (Fig. 7).
In addition to these changes in feeding intensity, some seasonal
changes were also observed in t‘he composition of the diet of juvenile .
and adult capelin. The most significant change was a ;lramatic shift
from euphausiids, which dominated the diet of juveniles and adults both
in numbers (Fig. 8)’and, biomass (Fig. 9) in May and of adults in June. '
In the sumer and fall the importance of euphausiids declined and they

were replaced by copepods, principally, Temora longicornis, which had

previously heen absent from the diet (Figs. 7, 8). From August through

~
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20.

Seasonal and géographical variation iIn the diet

of juvenile and adult capelin from the estuary

(open bars) and Gulf of St. Lawrence (solid

bars). O and @ indicate an inflex value of 1

for estuary and Gulf respectively. For each area

the number of stations aée indicated outside the r
parentheses wvhile the numbers inside the

parenthedys represent stomachs analyged.

Food items: 1. Thysanoéssa spp., 2. M. norvegica,

3. unidentifiable Euphausiacea, 4. Euphau-

siacea juveniles, 5. Calanus finmarchicus, 6.

Calanus hyperboreus, 7. Euchaeta norvegica, 8.

"Metridia longa,9. unidentified large Calan-

oida, 10. Temora longicornis, 11. Pgeudo-

calanus minutus, 12. other small-Calanoida,

13. Oithona sp., 14. Copepoda Harpacticoida,

15. Ostracoda, 16. Mphipoda Hyperiidea, 17.
Invefteb:ate eggs, 18. Nauplii (copepodg,\
Cirripedia, Euphausiacea), l9¢‘Euphﬁixsiacea
larvae, 20. Gastropoda and Pelecypoda larvae,
21. Chaetognatha, 22. larvacea (no value indi—
cated since they were m;t counted), 23. Pisces

eggs, 24. Pisces larvae.
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Seasonal changes in tﬁe ;occurrence of the
dominant prey of juvenile (J) and adult (A)
capelin in the estuary and v;est:ern Gulf of St.
Lawrence during the fall of 1974 and the summer

and fall of 1975, ~
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November appendiqdiarians also contributed significantly to the diet of
jﬁveni}e, and t6 a lesser extent adult, capelin from the Culf (Fig. 9).
Fuphausiid eggs comprised an unusually large proportion of the diet of
juvenile capelin sampled in the Gulf in May (Fig. Q).
c) Geographiﬁgl Variation

Although, in general, the diet of juvenile and adult capelin wugs
similar in the estuary and the Gulf, large copepods were much less
sbundant in the diets of capelin from the Gulf. In contrast to the l 3
general situation in the estuary vhere juvenile and adult capelin
occurred in small numbers from July through October, large &
concentrations of juvenile capelin were present near the mouth of the
Saguenay River throuéhout this period (Bafley et al. 1977b). When ' !
sampled for diet analyéis in July and October these fish We;e found to
be feeding at some of the highest intensities (IF = 33.3 r 40.9) ‘

observed during the study.

o




DISCUSSION

Diet éonposition .

The limited data available frém previous studies indicated that
copepods, amphipods, and euphausiids, were the principal components of
the diet of juvenile and adult capelin in the Northwest Atlantic. For
example, Chan and Carscadden (1976) reported copepods comprised 50.7%,
amphipods 35:91,‘and euphausiids 11.1% by weight of the diet of adult
capelin sampled ‘from August through Januvary 1973-74. Kovalyov and ~
Kudrin (1973) reported the percent frequency of occurrence (by number)
of copepods, euphausiids, and axynphipods sampled’ from March to June 1972
to be 55.4%, 44.1%, and 31.5%. Copepods and euphausiids were also
dominant in the diet of capelin from the estuary and western Gulf of St.
Lawrence where they occurred in 53.2% and 33,47 of the stomachs examined
and comp;'ised 47% and 38% of the diet (by weight) respectively. \‘The
major difference between the diets of capelin from the estuary-Gulf and
from the Northwest Atlantic was the very low abundance of amphipods
{which ranked 20th on the list of 27 prey items) in the diet of capelin
from the former area. |
] In the Nortt;western Gulf, appendicularians replaced amphipods as
one of éhe three'm{jor prey items, occurting‘ in 25% of the stomachs
examined and constituting approximately 7.7% of the diet by weight.

The reasons for thg poor representation »of amphipods in the
stomachs of capelin sampled in the estuary is unclear. In contrast to
their infrequent occurrence in the diet of capelin, amphipods ranked 5th

in abundance in 1970 and 4th in 19717out of 11 holoplankton groups

-
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reported for thé estuary, occurring in 13.5% and 8.5% of the zooplankton
( samples taken (COté 1972). Also conspicuous by their absence from the
diet of capelin were fish larvae which r;nked 3rd and 2nd in frequency
k\ of occurrence in 1970 and 1971 respectively. Copepods, which were the
dominant food item of capelin in the estuary, were also the dominant

. form of zooplankton in 1971 and 1972, occurring in 97% and 952 of the

gamples respectively. Knowledge of the composition and relative
abundance of zooplankton in the western Gulf is inadequate to allow

meaningful comparisons of diet and prey availability.. TN

-

Size Related Differences in Diet 4

The principal difference in the diet of juvenile and adult capelin
was the shift from small copepods to adult euphausiids as fish 1length
increased beyond approximately 140 mm (Fig. 5). The apparent preference
by juvenile capelin for small copepods OV?I‘ euphausiids“may explain the —
limited contribution by euphausiids to the diet of capelin during the

summer and fall., During this time the preponderance of capelin are 1

and 2 year old fish which in general are < 140 om TL, larger fish having

been greatly reduced in numbers by high post-spawning mortality (Bailey

et al. 1977a,b). It is con;zi.dered unlikely that seasonal changes {n the
occurrence of euphausiids was a major factor contributing to their
virtual disappearance from the diet of capelin during the summer and
fall since they are known to be present in the estuary and western Gulf
at that time (Berkes 1976; Sameoto 1976). The apparent absence of small
copepods from the diet of j}:venile capelin sampled in the estuary may be
fan artifact resulting from the limited number of juvenile samples from

( ‘ that area since C8té (1972) reported that 5 of the 9 abundant copepods

in the estuary were small species.
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Diel Periodic?.ty o

Two daj.lg%'s peaks of feeding activity were ;vident frlom May to
August. The morning peak, which occurred between 0600 and 1000 h,
coincided with the movement of capelin to deeper waters. During midday,
vhen feeding wag/ at a minimum, both juvenile and adult capelin were
concentrated into compact schools and were found at their maximun depth
(Bailey et al. 1977b). The evening peak, occurring between 1600 and
2200 h, corre;ponded with the evening vertical migration. This pat:terrf
of vertical migration in capelin is, essentially the same as that known
to occur in many planktonic crustacea (Cushi;xg‘l951) and has been
documented for euphausiids which are one of the dominant prey groups of
capelin in the estuary and Gulf (Berkes 1976). The correspondence
between the periods of ngaximun vertical migration and ma;imum feeding
intensity suggest that feeding 1is moét active during the transition
periods. Similar i)atternp of intensivé feeding during periods of
vertical ‘nigtation were reported by Narver (1970) for 4juvenile sockeye
salmon.

The reasons for the apparent shift to a single feeding peak
corresponding with midday in October and November are unknown. One
possibility is that the combination of colder (1 ~ 2°C) near -1sothermal
waters, which would tend to retard evacuation rates, and the shorFened
day length act to merge the summer peaks and re.duce the period of active

feeding. *

Seasonal Variation
' The cessation of feeding bx spawning capelin, with the exception
of capelin eggs which may have been consumed incidental to respiratory

movements during spawning, was consistent with the findings of previous
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studies (Templeman 1948; Prokhorov 1965; Winters 1970). Similarly, the
decline in intensity of feeding from August throuéh November was similar

in magnitude to that reported by Chan and Carscadden (1976).

Geographical Variation

Bailey et al. (1977b) reported the?gqcurrence of large
concentrations of juvenile capelin near the mouth of the Sague:nqay River
in summer, fall, and early winter when few juveniles occurred in other
areas of the estuary. They hypothesized that the year round occurrence
of juveniles in this area was made possible by the stable concentrations
of zooplankton that occur in and near the mouth of the Saguenay. This
situation is contrastgd with the situation in the estuary where the
zooplankton densities decline rapidly to near zero in August and -
September (Rainville 1979; Jacquaz et al. 1977). Our observation that
Jjuvenile capelin sampled from stations near the mouth of the Saguenay
were feeding. at high levels throughout the summer and fall provide

support for this hypothesis.

. ('

Estimates of Zooplankton Consumption By Capelin |

We estimated daily ration of capelin during May-August by summing
the values of food consumed at the two peaks of feeding activity. |
Nakashima and Leggett (1978) have shown that this method provides
realistic estimates of daily ration provided the feeding peaks are
discrete and the range of temperatures over the ‘mpling period are
snall. The former restriction appears to be adequately met. The range
of maximum daily temperatures experienced by capelin during their

vertical migration increased approximately 13°C between May and August

B AN, o T
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but theseahigher temperatures were expgrienced only during their stay
near the surface at night. The range of daytime temperatures
experienced was approximately 7°C. Errors introduced into estimates of
daily ;;tion by the effect of these temperature ch;nges on assinilation
rates gpuld be smoothed to some degree by our use of a single
representation of feeding peaks for the entire interval.

Daily ration was estimated to be 5% of the wet body weight per
day. This represents a minimum estimate since the method used normally
includes the weight of intestinal contents when determining the weight
of food consumed. It nonetheless falls at the midpoint of the range of
in situ estimates of daily ration fgr’eeveral specles of marine (flarke

1978) and freshwater (Nakashima and Leggett 1978) fishes. Estimates of

the total daily consumption of zooplankton by capelin in the Canadian

“Atlantic (Table 2) were derived by applying this estimate of daily

ration to estimates of total capelin biomass for the region reported in
Carscadden and Miller (1979) and Miller and Carscadden (1979). Ne
estimate the daily consumption has declined from 334,000 metric tonshto
83,000 metric tons over the period 1972 - 1978, This has resulted in a
surplus production of approximately 250,000 metric tons of zooplankton
daily which is potentially availab;e to other zooplanktivores. Year to
year changes'in‘the,daily consumption of zooplankton by capelin in the
two such areas for which estimates of capelin biomass are available have
also been siénificant (Table 2). Annual changes in the quantity of
zooplankton released from predation ;e a result of these changes could
potentially influence year class strength and/or growth of capelin or
other species. Winters and Carscadden (1978) used a similar rationale

to assess the surplus production of capelin as a result of reductions in

the abundance of major predators by commercial exploitationm.

AP
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Table 2. Daily consumption of zooplankton by capelin in ICNAP areu
3LNO, 27 + 3K (metric tons x 10™3)

s

1972 1973 1974 1975 1976 1977 1978

Grand &nb
( ICNAF 3LNO)#®) 160 115 56 47 41 25 10
NE Nfld. -

" Labrador 174 132 | 116 209 217 116 73

+

(ICNAF 2J43K)b)
Total . 33 247 172 256 258 141 83

2) Capelin biomass (total minus age 2) estimates from Carscadden and
a Mller (1979) Table 9.

b) Capelin biomass (total) estimates from Miller and Carscadden (1979)
Table 9.
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