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ABSTRACT 

'nie feedlI18 ~cology of juvenile « 140 im TL) and adult (.!HO _ 

TL) capelln (Mallotu. vlll08US) ln the St. Lawrence River e8tuary and 

• _tern Gulf of, St. Lawrence was studled between October 1974 .and 

Octobei$1975. Both juvenHe and adult capelln fed almost exclusively on 

zooplankton. Three prey totally dominated the food of capel in. 

Copepods were the most nUllerous prey Items ln the dlet (except in May -

June when e~phausiids were domlnant}-but euphauslids were the doœlnant 

prey ln terMS of blomass of food cons~ed. Appendlcularians ranked 

thlrd ln the1r contrlbut,on to the diet both ln terms of ntaber and 

biomus. This pattern dUfera 81gn1ficantIy trom that teported for 

cape11n trom the Canadian Atlantic only to the extent that 

. ..... 

amphipode re~ace appendicul:rlans ln the dlet. The relative bDportance 

of the thr~rey groups is, however, very simHar. A clean shift in 
,,/""---

diet occûrred durlng fish growth. Pre-metal'llorphic cape lin' consumed 

.. aIl prey exel eively; Invertebrate e888, eyel~pold copepods and 

diatoms foralng diet. 111e dlets of Juvenile and adult 

capeUn overlap conslderably but a pronouneed 

.. a11 copepocls to adult euphaus1ids 

Two dhtinct dally feedlI18 peaks oecurred between May and 

flrat between sunrlse and mid-mornlng and the second betwee~ and 

2200 h ln the evenlng. A single midday feediI18 peak prevailed ln 

October-November. Feedlng of adult capelln' ws active {n the spring, 

prior to spawnlng but virtually ceased durlng' spawning. Juvenile 

capel1n red &CUvely throughout 8pring and sUllUlJer. The ratIon of 
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lOoplanktoÏl by caP,8Un" .. s .. ~1aat.d to be 5% of wt bod, wilht-,u 
(, ~""'" ._~ .. • ,1 t'" 

• 0 , 

.u.aer May • S.pb"ber and approxtaatel, 2.5% ln Octob.r - ~eâbèr. , ...' 
-

'lb. dletl of capeUn frOll the •• tuary and Q,lf wre liaUar, altboUlh , , 

large COpepodl were aueh le .. ahundant ln -the diet of filh c:ollect" ln 

the C:;Ulf. ,'lbe 1\II1let' eons\lllpUon of zooplanktott by eapeUit in the 

Canadien Atlantic: has deel:l~~ frOli' 334,000 to 83,000 "triC> tona per 

day between }972 and 1978. Year-tô-~ar chang •• ln avera._ daU,.;

consumption of greater than 100 ,pOO •• tric ton. have occurred dur! .. 

~ 

thi. interval. lt il IUlg.sted that tbis lignifieant ,..ar-to-year and 

long-tel'll releaM of zooplankton ftCJI predation b, cape11ri '" he an 
\ 

important relutator of chang~s~n ,esr cl ... strèngtb. growth and 

• pecies cOIIposit1on of the area • 
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llESUME ./ 

D'octobre 1974 i oetobre 1975, noJs ~vona 'tud16' l'6co1oaie 

ai1Jaenta1:re du Capelan (Mallotua villo.us) de l'estuaire et du soIfe 
1 

du ~.int-Laurértt. ·Juvêni1es « 140 mm LT) et'adu~tes (~140 mm LT) •• 

nourrissent pr~sque ~xc1u8ivem.ent d 'oraanis.s zooplanctoniques • . 
'trois ,roupes de proies parmi ceUx-ci ont ,'tê trouvb essentiell-.ent 

doainanta dana le r'gime altaentaire de. tape1ans. Les cop6podes 

constituent les proies du rlgime les plue nombreuses (sauf en mal-juin , 
/' 

oa les euphausiacl. sont les plus impo'tante~), mais du point de vue 

de. bioma.~e8 de nourriture ingiries,' les euphausiac's en sont le. 

proie. dominantes. Lea appendiculaires enfin se cla.sent troisi~ 
1 

en importance, tant l cause de 1eu1- nombre que de lfr biomasse. Ces 

!rls~tate sont comparables 1 ceux qui ont 6t6 trouyl. chez le capelan 
, 

de l'Atlantique canadien, et il. ne s'en distinguent de façon signifi
{ 

cative que par le fait que, chez ce dernier, les amphipodéS remplaceAt 

les appendiculaires dan. le régime. L'importance relative de ces troia 

araupes de proies demeure cependa~t tr~s semblable dans les deux css. 

Un changement progressif marqul ~e produit dans l'alimentat~on dea 

capelane au fur et 1 a.,ure de leur croissance. Avant leur uta.arphoae 
1. 

les e'l'elana se nourri'asent exclusivement de petites proies, oeuf. 
1 

d'invert'br'B, cop'podeB Cyclopotdes et diatom~es ~onstituant l'e •• entiel 

de leur rfaime. Les r'gimes i:& capelans adultes et juvéniles sont i 

bien des igard. semblables 1'un à l'autre, mais nous notons un chansement . 
tr~s net chez les poissons dont les tailles vont en s'accroissant a 

1 

partir de 140 .. LT'envlron. Les copêpodes de petite taJlle sont alors 
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re.plac'. progre •• ivement par d •• euphau.1acia adulte. daDa ,1 •• CODteDUI 

atOllAcaux. Intre l~a lIOis de .. 1 et d'aoGt, l'activid nycthWrale d. •• 

c~pel8D. eiat marquH par deux pEriode. d" alimentation "XDua, la, 
)t 

prea1lre entre le lev'e du soleil et 1 •• 111eu de la .. tin'., la 

,econde entre 16h00 et 22h00 dans la solr6e. In octobre et oove.br •• 

:. nous n'avons obsen' qu'une aedle pEriode d'aUmentation intensift~ v~. 

le ailieu de la JournEe. ies cap.1aoa adultes se nourri.sent da fA90D 

prononcEe au cours d~ printemps, avant la p'riode du frai, .. 1. 111 

ce .. ~nt de s' slimenter pendant le frai lui...... Les juvlniles par 

contre se nourrissent tout au Ions du printeap8 et de l 'lt'. La ratiDD 

de zooplancton consommie quotidiennement par le capelan a 't' e.tt.6. 1 

, 

5% du pOid8"moui11' du corps du pol.son, de .. 1 l aepteabre, et 1 *aviron 

2.5 % en oc tobre-nove1lbre • Nous avon, trouvl que les dliM. du tapelaDa 

de l'estua~re et du lolfe 'taient s .. blabl~s, bien que les Iras oopipode • 

- \ soient beaucoup moins abondant. datt8 la nourriture de. POi8S008 proveaant . 

du lolf~. Nous éonsid6rons qu'entr~ 1972 et 1978 il s'est produit chez 

le. capelans de l'Atlantique canadien une dt.inution de leur conàa..ation 

estivale de zooplancton allant de 334.000 1 83,000 tonne~ _triquas par 

jour. Des diffErences annuelles de plu8 de 100,000 tonnes -'triques dans 

la consOlllllUition jout'tlalilre moyenne ae zooplancton sont apparue. au eoura 

de cette p6rlode. Cette baisse sisnificative, observle d'une a~ 1 
/ 

l'autre et à long terme, dans la consaa.ation de zooplancton par "lé 

capelan a 'entrarn6 dans le milieu une mise en libert' d'organisme. zoo-

planctoniques qui, autrement, auraient 'té lOuais 1 ;a pr'dation du poi.son. 

Il est sugslrl que ~tte libêration pui8.e @tre un f.ct~T important d. 

dp1ation de l'abondance dei classes cl ',age, cle la croissance et .. la 
, 

eoapoait{oo en e.p~ce8· dan8 cette r'iion. 

"1 
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PREFACE 

" ln keeplng vith the regulations for thesie .t,le authoriud.'" the 

Graduate Co_Htee of the Biology Departltent at MeGHl, thb the.1a ha. 
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style, rec01Dended by the Journal of the '1s~erle_ " .. arch 1Io.rd of 

canada and a manuacript 4!llbodyipg the re.utts of the thuls ha. been 

forwarded 'to ~hat Journal for publication.' 
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INTRODUCTION 
1 

. 
The capelln, Mallotus Vll108u8 '(O.F. Müller) 1 18 a key el __ \ in 

the marine food web of the Nortb Atlantic Océan. 8&l1ey et al. (l9nb) 

reported dœ ~nual consumption ~f capeUn bi mlnlte "le8, fin .... 1 ••• 

harp seals and cod in the Northwest Atlantic to be in aces. of 30 lt 105 

aetric ,tOns" and l1ated an additional 23 spedes of Uflb 1 blrds ead 

IRammala-.. known to be major predators of capelin. for wb1ch no esttutes 

ôf consœptton rates are avallsble. Minet and Perodolt> (1978) hav • 
,~ 1 

simllarly demonstrated the importance of capdln in the diet of cod in 

the Gulf of St. Lawrence. Winters and Carscadden (1978) conslder 
,. 

cape1in to' be "the Olost 1IIlpbrtant f1sh foddèr resource in Canadian 

waters of tbe Northuest Atlantic". The dramatic inerease in conerclal 

exploitation of capelin whlch DegsD ln 1971 (Wlnters 1975; Wlntera and 

Carscadden 1978), has led' to concern for the èontinued v'lability of. 
u 

eapel1n stocks and, equally importantly, for the posslble impact of a 

reduction ln capelln abundance on their predators (Wintere 1975; 

Carscadden 1976; HcCracken àI1llf'l MacDonald 1976). 
h 

< " 

Central to a eoanplete understandlng of tbe productive capacity of' 

èapel1n ls a knowledge of lts feedlI18 ecology. Wblle the diet of ' 

c.peUn 'has been studied previously, a c1ear understandlng of thelr 

feedlng has been ,hampered by the fact tbat sam~les o, Hab used 10 thelle 

etudies have been collected aver relativelJ" short t1me intervals, and 

bave differed greatly botb ln terma o~ geograpblc;ù area and Bize, of 

capelin examined. For ex8lllple, Jeffera (1931) examlned the food types 

of a non-specif1ed nunber of adult c~~pelin sam pied from the, Strait of 

~h -:-rl ~~I~' 
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Belle Isle durlng the spawnlng peribd; Telllpleman (1948) bas brlefly 

doclDented the feedi118 of 8 fev Offshore t imature and maturlng~ capel1n 

found in salmon stomachs t and of a BIlall nUlllber of coast8l adolt eapel1d 

_pl'" t .... tately ,:tor to, ,lIurtng, .od after ... wn1ng; .od V1.~' / 

(1"970) reported on the intensity' of feedlng and fat content of Juvenile 
') 

and adult capelin 8811Jled ln Trinit y Bay fram the over-wintering to the 

spawning periode Ko?lyov Md Kudrln (1973) descrihed the feeding 

1"tensity and the 1I8io cOIIIponents o.f the di-;t of Grand Banks capelin in 

spring and eac1~ 8ummer. ReC"ently, Chan and Carscadden (I976) gave a 
, ~ , 

brief account of the feedlng of Labrador 'capeliit ln the fall. 

This paper reports the resu! ts of' the first comprehensive stody of 
Q 

the food and feeding ha))!ts of Juvenile and adult capel1n over a full 

year: The study .s conductted in the St. lAwrertce estuary and the 

western Gulf of St. Lawrence. 
" ., ~ 
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MATER.IALS AND METRODS 
p 

Juv@nile and adult capelin used for stoaach content analy.e. in 

this study vere sampled ln Oc:tober and Roveraber 1974 and April throuah\ 

October 1975 durlng research cruises conducted between Ile aux eoûÎlre. 

ln the St. Lawrence ~stuary and Natashquan on the north shore of the 

Gulf of St. Iawrence, and southward to the, entrance" of Jlale de. OIaleur. 

ln the southern Gulf (Fig. I). Juvenile capelin caught ln July 1974 st 

the entrance of the Saguenay River _rt! a1ao inc1uded la the feedlng 

analysis. This study forma part of a larger invesUsaUon of the 

ecology of larval, juvenUe and &dult capelln from thia tegion (BaUey 

et al. 1\971a ,b; Jacquaz et al. 1977). The location of s8llpllng I1te. 

for food analyses are given 10 Fig. 2. All 88Ilpl1~g va. coq,ducted v.lth 

a modlfied Boris mldwater trawl (Bergeron 1973) equlpped vith a headUne 

transducer (Boudreau 1973). The length of ton __ generally restrlcted 

to 1e8s than 30 min to ensure the sampllng of discrete groups of fi.h. 

A random saaple of 50 Hsh from each 'catch _, preserved ln loi 

formaldehyde lllDediately after capture. This nldber was found to be 

sufUc1ent to provide adequate representatlon of different size cl ... es 
.. 

and/or fish o~different stages of maturlty. When the • .aple wal 

couaposed of fish of uniform slzes and ... turlty, 1.5 aduIt or 10 juvealle 

Hsh vere analyzed for stOlllac:h contents. 1be nldber of new prey 

• 
categoriés identified ln any sample When .or~ than 10 juvenl1es or 15 

,adult capelin vere examineel vas small, and never Influenced estfllates of 

the compositibn of the dlet elther'by number or by welght (Fig. 3). In 

mixed schools of diffèrent S1;8 classes_or .. turity stages a ... ple of . 
~ 

each category _Sa analyzed. 

, . 

3. 
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F1g.1. St. Lawrence e&tuary and western Gulf with 

ialportant localitles mentloned ln thé text. 
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Fig. 2. 
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Locations of sampllng sites for analyae. of 
, 

feedlng lntensity and cOIIposlt1on of the dlet of 

juvenpe (Â) and adul t ( • ,. capel1n l.n the 

estuary and western Culf of St. Lawrence, 
1 

1974-75. • jwenjle and adult capeUn 88l1lpled 

fraa the 88l11e 8chool were analyzed. A capelin in 

these allples wére analyzed only' for feeding 

inteneity and not the cOIIIposlt1on of the diet. 
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ex_inad .and thë nUlber of new prey 1 tau found 

for uch fhh adde<l to the ample • 

. ' 

() / 

, . 1. 



....... m -~..,._ ..... , ......... , ........ q ..... it_ .... , ... r_ •• ~ -._. __ ............. ,_._ ......... '. ______ • ___ 1~-~~1' ....... '" ... 

... r" . . . 



r. 
\ 

Total length (TL mm), wet weight (g), sex, and maturity were 

recorded for each fish. No correction was madjffor Shrin~ge due to 

preservation, which we est1mated to he 3-4%. ~ 

Food ftS temoved ~ the s~omach, pl~ced on f11ter paper to 

rnove exces8 moisture, and weighed to an accl1racy of 0.1 mg. Ile then 
\ 

~ 

computed an index of fullnes8 (IF) for each flsh as follows: IF· (wet 

• 
w,ight of food/wet weight of fish) x 1000. A mean value was calculated 

for each station, or if the sample contalned capelln differing in 

'----" 
.aturlty or ln .1ze, for each group. .. 

Ta d~ent the dany ftteding chronolpgy of capelin we perforaed 
\ 

an &ngular trans~ormation on the ratio of 'wet welght of food to wet 

weight of fish t0 stabillze the variance of the samples (Sokal and Rohlf 

1969; Foltz and Norden 1977). Heans and 95% confidence limits of the 

ratios were then calculated for each station and back transformed to the 

original scale. Data from aIl stations st which capella Wi!re apawning 

at the Ume of capture or had reeently spawned were excluded frŒII thl. 

ana1ysls beeauee the feeding behaviour of capelin is strongly depressed 

during apawning (Wlnters 1970). 

lbe aOlt abundant food itells ln the diet were identified to 

speei.s. The larval stages of the most abundant copepod specles were 

recorded separately. Counts were made of aU prey items in each stolllsch 

except for append1cularians (Larvacea) wh1ch were impossible ta separete 
,r 

when they occurred in tangled, masses. An index of Importanée (IN • , 
I(x c01lposItion by nUllber) x (% occurrence) ) was calculated for e4Ch 

prey ca te~ory (Windell 1971; Grabel 1977). 

_, • ;; -4 .(..t .... ,1'-' ~_ ... 
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8. 

Dry _lghu of the more abundant pny (euphaual1d., eopepod. and 

appendicularians) _ri! allllDed for each atation. An index of importance 

by wight (Iv - 1(% eOlaposlt1on br wiaht) x (% occurrence); Wia4ell 

1971) vas calculated for eaeh prey category and a a.aa val. of the· 

index was derived. 

we defined juvenl1es al polt-mi!taBorphlc fiahrin the length 

category 75-139 _ (TL) and adulta as f1sh > 140... Thil separation 

. wa .,..ed on lel18th ranges for the t101O categori!'_ reported in Bail., et 

al. (1971 8 t b). 

For the purposes of this 8tudy we defined the bound.ry betVUll the 

estuery and the weatern Gulf a8 a 1ine runnlng fr01l Ba1e-~au to té. 

Mlchins (Fig. J). This Une deUlIIited the presence or ab8enc~f Taon 

longieornis t a copepod common in the Gulf (Steven 1974) but absellt trOll 

the ast.uary (c&ti 1972) t ln the 8tOlllacha of ca~lin •. 

. , 

, 

( 

- __ - .......... ~,.. ... "''' :;,.u.. ~ ... 
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RESULTS 

~ 
D1etr Q)tçosition 

" J " 80th Juvenile and adult capél1n fed almost exclusively on 

zooplankton (Table l, Plg. 4). Q)pepods were the dominant prey 

category. CalanuB finmarchicus. Temor.a longlcornis, and Pseudocalanu8 
~ ~ 

~,:;r 

.inutus ~re the principal species consUllled. Euphausiids occurred at 

aoderate frequency in the dlet but their nœerlcal abundance WBS lov 

relative to that of the copepods. Thysanoëssa raschii dominated the 

euphausiid group (Table 1). 

Dry weight ana1ysls ~f stomach contents revealed that. ln ,pite of 

their 8IIIallf!r numeriea! abundance ln the diet, the biomass of 
, 

eu~hau8ild crustaceans consumed was greater than that of the copepod 
. 

crustaceans (IW 47.1 and 37.36 respectively). Appendicularians 

(Larvacea) ranked third in ~erms of their contribution to the bio.ass ot 

food cons\lDed (IW - 7.7). Other prey categOrierade a minor 

contributIon to the diet both in terms of numbers and biomas~ (Fig. 4). 

SiEe Related Differences in Diet 

Q)nsiderable overlaf OCCJ1rr~ ln the dlets of Juvenile and adult 

capelln (Figs. 4, 5). There 1MS, howe\l'er, a definl te sh1tt froll a 

predominance of 8IIIaiier prey to larger prey vith Increasing f1sh aize 

(Fig. 5). 

Copepoda vere the domlna~rey of Juvenile capel1n both ln 

nUlbers and biOlllass. EUPhaUSl~dtand appendicularians. whlle cOIIIIIon ln 

the diet, vere les8 important (Fig. 4 A,H). Among the residual food 

9. 
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~ble 1. Di.t c~polidOn of Ca~OII the •• tury acl the .aten Cdf of 

St. lAvr.llce. 1974-19 • (Jw..al1e aad -.lult c:apeUn COIIblllech ":. 68l). 

B11PRAUSIACEA 

San) 

C:OPEPODA 

Callnu. 
Cailnui foh==:=~::'::' 

OTHER caUSTACEANS 

OSTRACODA " 
COPEPODA Harpactlcolda 
AMPRIPODA Hyperlldea 
llaupl 11 (COpepoda, C1rrlpedl., Euphau.14cea) 
!uphauallcea larvae (calyptop18. furcl1la) 
!uPMu8\lacea eggl 

OTHER FOOD TYPES 
.., 

Inv.rtebr.te egga 
GASTIOPODA and PELECYPODA larv .. 
CHA!TOCRAntA CSasitta sp.) ; 
LARVACEA (Oikopleura 'P" Fritl1laria .p.) 
PtsCES ell.4 
PISCES larvl.5 

. 
,~ I~ 

hequency of 
occurrence 

(percent) 

17.0 
6.0 
5.3 
0.9 
'.0 
6.9 

53.2 

40.3 
13.6 
23.1 
22.1 

5.9 
22.3 
16.4 
13.9 
10.0 

17 .1 

1.4 
2.2 
5.1 
7.2 
1.5 
3.2 

19,.0 

7.2 
6.4 
4.0 

25.0-
2.9 
1.8 

Pere~t 
cOIIpo'd,'loll 
Cby n_ber) 

1.2 
0.1 
0.3 

< 0.1 
0.1 
0.5 

92.1 

{i:e-
3.0 
2.0 
3.0 
1.7 

46.1 
6.8 
0.4 
1.5 

3.9 

0.1 
.( 0.1 

0.1 
0.4 

< 0.1 
1.2 

0.9 
0.2 

< 0.1 

0.4 
0.1 

COntlllued ••••• /2 ( 

Index of 
faportance· 

, 

4.5 
0.8 
1.3 
0.1 
0.8 
1.9 

70.0 

33.3 
6.4" 
6.8 
8.1 
3.2 

32.0 
10.6 
2.3 
1.8 

8.1 

0.5 
0.3 
0.7 
1.6 
0.2 
3.2 

5.7 

2.6 
1.2 
0.5 

1.1 
0.4 

.- ... _ ..... ___ ~_ ... ." ..... _._,_ ..... ~_. _JII ___ ~ ..... _______________ ... ,~, __ ..... _____ ._ ..... , ___ .~, ...... _.d 
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1 Mo att_pt we • ..t. to .. ~rate the elolely related .pedel f. al!lclal1. Yuchnow frma 
f. Uaaareb.1eu. • ~. 8lac1àlb dieS, howe'll'et, accur. ' 

2 M. lue.1I8 Joeelt wei found ln 2 .tœaebs. - ----- . 
~ 3 Inelud •• Mierocalanui sp.,' !uryteaora 11'1'" Acartia .pp., Centropases h ... t~. 

-----f(t,111jebor') anti unidentlfiable Ipp. 

\ 

4 Al.olt exc:lualYely capelin. 

5 AJ.o.t exelulively eapelinlo 
a toaac b. .. 

Four redfhb larvae (Se):14lltes sp.) vere found ln one 

a Sine. they veTe not counted, .ppendieularlan. (Larvaeea) were not Inelude;!f ln the 
..... r1zin'· values, of the -Other Food Types- category. 

11 

<, 
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Fig. 4. Index of importance by nunber (A) and ~lgh't (B) 

of components of the diet of Juvenile am -adult 

G ' ~ 
capelin sampled in tlie estuary (open bars) and 

western Gulf (soUd bars) of St. La~ence. 0 

and • indicate an index value of 1 for estuary 

and Gulf respectively. 
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Fig. 5. 

( 

Index of lIlportance (by nlDber) of prey of 

varying dns in the diets of fish of varylng 

aizea. 

\ 
• adult euphauaUda 

A large copepoda (l) 

A aaU copepods (2) 

.other _al1 crustaceana (nauplU, Mphipoda 

Hyperiide" o.tracoda, Cbpépods Barpacti~olda) 

o euphausl1d 88.s 

a otber food type 8 (invertebrate eggs, 

Pelec:vypoda and Gastropoda larvae, 

Cbaetognatha, Hsh eggs aM lat:Vae) 

1) Large copepods include principally Calanu. 

finmarchicus, f.. hyperboreus, Euchaeta 

norvesica, Metridia lonaa. 

2) Salali copepods include principaUy Tellorai 

longicomls, Pseudocalanus .lnutue, Oithona 

8p. 
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items eaten. smaller prey such as invertebrate egg., nauplil, euphauaiid 

ega and lainl, gutropod and pelecypocl larvae were aore abundant in 

the stomachs of juvenl1u than of adults (Fig. 4). Euphaual1d esse 

f10raed a aajor portion of the diet of juvenlle capelin ln Hay (FiS. 8). 

The copepod prey of juvenile capeHn ... doainated by amaU a})édea, 

principaHy the calanold .pedea 1. longicorllis and ! .• inutus, aDCI CO • 

lasser extent by cyclopoids ,of 'the genus Oithona. 

In contra st , adult euphaual1ds were IigniUeantly .ore abundant in 
\ 

the dlet of adult capeUn, 1 both in teras of nUlllbers and biOUlass, and the 

iIa~nce of BIIaIl copepods vas depressed ("'8. 4, 5). 

~e diet of pre-metamorphic capelln (Bailey et al~ 1977a) differad 

greatly ftom that of Juveniles and adults, being doainated by lIIlaller 

prey items than that fed on by tbe larger f1sh. lnvertebr.te esg8, 

eyclopoid copepods, and diatolllls vere _ajor coaponenta of the dlet and 

generally increased in importance as the fish increased in length. 

NauplU, copepodites and adults of emaU copepod speciel foms the 

balance of the diet (Flg. 6). 

, 
Spatial and Temporal Variation in blet 

a) Dld Periodic1ty 

Tvo distinct diel Patterns of feeding were evident. 'lbese 

patterns vere s1mllar for both Juveniles and adults. From Haly to Aus'ult 

two fee~ periods occurred (Fig. 7). The quantity of fOod) in the 

stOUlal- vas hlgh from ,sunrise to mltf:-'alorninSi the proportion of .-pty 

stomachs between 0600 and 1000 h averaged 34% and the mean index of 

fullness (IF) vas 10.3. In contrast, capelln s .. pied between 1000 and 

i 
1600 b did not .. ppear to be feeding heavily. lbe ~an proportion of 

,', 

14. 
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Index of 1IIlportance (by nllllber) of companents of . 

the diet of pre-metamorphic capel in. 
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SIZE CLASSES in mm (SAMPLE SIZE) 

9-19 20-49 50-65 65-14 .. 
• PREY (21) (107) (22) (4) 

INVERTEBRATE EGGS 

NAUPLII 

UNIDENTIFIED 

10 30 50 10 30- 50 

INDEX OF IMPORTANCE «by RUmb.r) 
,-1 .. 

1 
1\ (1) Copepodite stages and adulte of amell species. 
1 
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Plg_ 7. 

l , 

Diel feMing activlty of juvenlle 0 and adult. 

eapelin frCD the estuary and western Gulf of St. 

"'Wl'~ce. Maan weights (g) of stomach contents 
, 

per kg of Hah per station. Vertical lin'es abOV'e 
~ / 

and be10w 1Dèans, 9S% confidence intervals. SoUd 
, , 

bars, hours of.darkne8s • 
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eapty atomacha during this interval vas 54% and the mean index of 

fullnus (IF) decl1ned to 6.2. A pecond feeding peak occurred in the 

~ 
early evening 0600-2200 h). During this interval the proportion of 

empty stomachs cortesponded closely to the esr1y morning level (32%) and 

the mean index of fullness increased sbarply to 13.1. Additional 

evldenee of die! periodlc1ty in feeding ·during these months 1& given by 

our observation that prey items in the stomachs of fish sampled in the 

1000-1600 period were in a much more advanced state of digestion than 

vere prey items in stomachs of fish Bampled during the morning and 

evening peaks. 

A d !sUnetly different feeding chronology appears to prevail in 
1 

October and November. The tntensity of feeding at this time was much 

more variable. with some &amples contalning fish havlng an index of 

fu1lness equal to or greater the maximtlll dbserved ln the May-August 

periode Numerous other samples, collected during the same Ume 

interval, contained f18h whose index of fullnes8 was very low (Fig. 7). 

A precise Interpretation of the dal~y periodiclty of feeding during 

theee mooths is made difficult by the smaller number of samples 

av.Hable from the dark\ period. Nonethe1ess the average index of 

fullnes8 for 9 nlght samp1es was signlf1cant1y (p • 0.001) lower (IF • 

5.05; sn 8.42) than the average index for the 18 samples from the light 

period (I~ Il.3; sn 15.79). Simllarly, the proportion of empty stomachs 

in the nlghttime samples was higher (night 77.3%; day 59.2%). 

This data suggests the presence of a single feeding peak in late 

fa11 - early 'winter. The apparent longer per10d of feeding at this time 

may be 'the result of slower evacu'ation rates due to the lower average 
( 

" , 
temper.tures et this time of the year (Bailey et al. 1977b, Table 1). 

17 • 
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b) Se8sonal Variation 

CapeUn exhibited a seasonal variation in feedi~ irltensity which 

differed between -Juveniles and adults and ws strongly re1ated ta 

spawnlng activity. Adult capel1n captured prior to spawnlng in the 

spring were' fee.ding heavlly. For example, in the western Gulf litere 

spawning had not yet comenced at the Ume of the Hay crulse the 

frequency of empty stomachs in~ the salllples wa8 36% and the index of 

fullness (IF) was 17.7. In con~rast, ln the estuary where spawnlng had 

already begun (Bailey et al. 1977b) 83% of the stomachs sampled .re 

emptyand the feeding intensity WBS low (h - 2.7). Many of the 
\ 

stomachs of these spent capelin ln theee estuary sample, contained sand 

in variable quantities together with small numbers of capelln e88 •• 

The Intensity of feedlng by adul t capelin sampled in the western 

Gulf one manth later. ln June, had declined sharply (% empty stOiach. 

89%; IF - 2.S'2-). Spawnlng ws occurring or had recently terminated 

throughout the western Gulf at this Ume. The only exception to this 

general cessatIon of feedlng by adults during the perlod of spa~lng 

occurred et BaIe Ste-Marguer~te. There, recently spent f~ale. were 

feedlng actively (IF - 14.4). A 8ill\llar pattern wa8 observed ln the 

southern Gulf at Grande-RivUre. 

Very few post-spawning capel1n were sampled anywhere througbout 

the study area duriog the sUIIIIler. This was largely attrlbuted to the 

heavy 1Il0rtailty known to oécur after spawning (Templeman 1948; Balley et 

al. 1977b). Where adult capelin were<collected (Stations 43-50, Fig. 

" 2B) they were fee~lng acUvely (% elllpty stomachs 14.3%; IF - 21.1). 

II. 

18. 
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As pre'liously noted (Fig. 7) the feeding intensity of both 

Juvenile and adult capelin in October and November was highly variable. 

In general, however, feeding intensity ~s !ower at this time. In 1975, 

69% of the stomachs of capelin ~ 140 mm TL which wnuld spawn the 

fol!owing sprlng were empty and the mean index of fullness was low (IF • 

7.80). Simllar shed capelin sampled in the western Gulf in ,1974 had 

virtually ceased feeding (IF .. 1.9%, empty stomachs 85%). 

In contrast to âdoIt cape!ln, which virtua!!y ceased feedlng 

during the spawning periad (estuary April-May; Gulf Hay-June; Parent and 

Brune! 1976), Juvenile capelln fed active!y throughout the spring and 

summer. The on!y Juvenile capelin sampled in May ~f 1975 were collee ted 

at midday when feeding intensity is at Hs dany low (Fig. 7). 

Nonetheless, only 12% of these fish had completely empty stomachs 

indlc.atlng that feeding had been active earl1er. Juvenile-s callected ln 

early June, simultaneously with spent females. at severa! stations in 

the estuary and Gulf, were feeding actively (IF • 10.9 - 23.9). During 

the remalnder of the summer and faU the feeding intensi ty of Juvenile 

capel1n ws similar to that of ftle adults (Fig. 7). 

In addition to these changes in feeding intensity, some season.al 

changes were also observee! in the campos! tion of the diet of Juvenile 

and adult capeline The most significant change was a dralllatic shift 

from euphausiids, whieh dominated the diet of Juveniles and adults bath 

ln nunbers (Fig. 8) and, bioma:s8 (F1.g. 9) in May and of adults in June. 

In the slIIIIler and faU the importance of euphausiids declined and they 

vere rep!aced by copepods~ principally, Temora longicornis, which had 

previously qeen absent from the dlet (tigs. 7,8). From August tbrough 

! 



( Fig. 8. 

ft • • 

Seasonal and geographical variation ln the diet 

of juvenlle and adult capel1n frall the eatuary 

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

bars). 0 and • indicate an inlex value of 1 

for estuary and Gulf respecttvely. For each area 

the number of stations are indicated outside the r 

parentheaes while the nUlllbers inside \h~ 
parenthe_s represent stoalachs analy.ed. 

Food items: 1. Thysanoiasa spp., 2. !. norvegica. 

3. unidentiflable Euphau.iacè~, 4. Euphau-

siacea juvenlles, S. Calanus finmarchlcus, 6. 

Calanus hyperboreus, 7. Euchaeta norveglca, 8. 

Hetridia lon8a,9. uni~entified large Calan-

oida, 10. Temora longicornis, Il. Pseudo-

calanus minutu8, 12. other small"Calanoida, 

13. Oithona sp., 14. Oopepoda Rarpacticoida, , 

15. Ostracoda, 16. AMphipoda Ryperiidea, 17. 
1 

Invertebt:ate eggs, 18. Naupl1i (Q)pep04~" 

Cirripedia, Euphausiacea), 19. EuphaUsiacea 

larvae, 20. Gastropoda and Pelecypocla larvae. 

21. Cltaetognatha, 22. larvacea (no value indi-

cated slnce they were not counted), 23. Pisces 

eggs, 24. Places larvae. 

20. 
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Fig. 9. Seasonal changes in the ~'OCcurrence of the 

dominant prey of Juvenile (J) and adult CA) 

capel1n in the estuary and western Gulf of St. 110 

• Lawrence during the faU of 1974 and the 8U1111ler 

and faU of 1975 • 
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NovE!lllber appendlcufarlans aUo contributed signifieantly to tbe dlet of . . 

jÛgenlle, and tO a lesser extent 4dult: capelin frOID the GulL (Fig- 9). 

Euphaus1id eggs compriE!ed an unusually large proportion of the diet of 

juvenUe' capeUn s_pIed in the Gulf in May (FIg. 8). 

c) GeOgraPhi~l Variation 

Al tho ugh , in general, the dlet of juvenile and adult capeUA.JIIl8 

slmlbr 10 the estuaty and the Gulf. large copepods were much less 

abundant in the dlets of capel1n frOID the Gulf. In contrast to the .. 

general situation 10 the estuary where Juvenile and adult capel1n 

occurréd in smal! n\IDbers froll JuIy through October, large 

concentrations of juvenile capel1n were present near the mouth of the 

Saguenay River throughout this period (Bailey et al. I977b). When 

sampled for diet analysig in July and October these flsh Were fouad ta 

be feedfng at soma of the hlghest intensltlea (IF - 33.3 r 40.9) 

observed durlng the study. 

.' 
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DISCUSSION , 
-.1 

Diet CO.position 

The l~lted data ava~làble frem previous studies indicated that 

copepods, amphipods, and euphaU8~lds, were the principal components of 

the diet of juvenile and adult capel1n in the Northwest Atlantic. For 

exemple, Chan and carscadden (1976) reported copepods comprised 50.7%. 

amphipods 35'.9%, and euphausiids 11.1% by weight of the diet of adult 

capel1n sampled from August through January 1973-74. Kovalyov and . 

Kudtin (I973) reported the percent frequency of occurrence (by number). 

of eopepods, euphaus11ds, and 81Ilphipods sampled from March ta June 1972 
1 

to be ~5.4%, 44.1%, and 31.5%. Copepods and euphausiids were also 

dominant in the diet of capell~ from the·estuary and western Gulf of St • 

. Lawrence where they occurred .in 53.2% and 33.4% of the stomachs examined . 
and comprised 47% and 38% of the diet (by weight) respectively. œhe 

major difference between the diets of capelin from the estuary-Gulf and 

trom 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 

trom the f~rmer area. 

, In the Northwestern Gulf, appendicularians replaced amphipods as 
t , 

one of the three'major prey items, occurring in 25% of the st~machs , 

examined and constitutlng approximately 7.7% of the diet by weight. 

The reasons for the poor representation IIOf ampl).lpods ln the 

stomachs of capelin sampled ln the estuary 18 uncle4r. In contrast to 

their infrequent occurrence in the diet of capelln, amphlpods ranked 5th 

in abundance in 1970 and 4th in 1971 r out of II holoplankton groups 

• 
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reported for the estuary, occurring in 13.5% and 8.5% of the zooplantton 

samples ta ken (Côté 1972). Also conspicuous by theit absence frOi the 

dlet of capel1n were Hsh larvae whlch ranked 3rd and 2nd in frequency 

~ of occurrence in 1970 and 1971 respectively. Oopepods, which were the 

dominant food item of capelin in the estuary, were also the dominant 

form of zooplankton in 1911 and 1912, occurring in 91% and 95% of the 

samples respectively. Knowledge of the composition and relative 

abundance of zooplankton ln the weste;n Gulf ls Inadequate to allow 

meaningful c6mparlsons of dlet and prey availabllity.· 

51ze Related Differences ln Dtet 

The principal difference in the diet of JnvenUe aOO adult capelln 

was the shift from small copepods ta &duIt euphausUds as, f1sh .length 

Increased beyond approximately 140 mm (Fig. 5). The apparent preference 

\ 

by juvenile capeUn for BIIIal1 copepods over euphausiids may explain the -, ~ 

( 

limited contribution by euphausl1ds to the dlet of capelln during the 

summer and fall. Durlng thls time the preponderance of capel1n are l 

and 2 year old fish whlch in genera! are ,< 140 mm TL, larger flsh bavlng 

been greatly reduced in nuubers by' hlgh post-8pa~lng mortal1ty (Dailey 

et al. 1977a,b). lt Is considered unlikely that seasonal changes in t~~ 

occurrence of euphauslids was a major factor contrlbuting ta thelr 

virtual disappearance from the diet of capelin during the summer an4 

fall since th~y are known to be present ln the estuary and western Gulf 

st that time (Berkes 1976; S~eoto 1976). The apparent absence of small 

copepods from the c;liet of juvenlle c:apel1n sa.pled in the estuary .. y be 

an artlfact resulting from the .11mited number of juvenile sampi es tram 

that ares slnee Côté (1972) reported that 5 of the 9 abundant C:Opepod8 

ln the estuary were amail specles. 

• ; L 

• ··-------~~_~."_ ••••• i.n_.I.I.( •• ~\1_1 •• _r _______ l~ __ •• ~~~9_' _____ ----.~ •• ~-- ~ 
..... _ ..... t......o ___ • ____ ~_~ - -~- --



) 

Diel Periodicity 

Two dail~ peaka of feedlng activity were evldent from Hay to 

August. The ,morning peak, which occurred between 0600 and 1000 h. 

coincided with tt movement of capeUn to deeper waters. During aidday, 

when feeding 7 at a minimum, both juve~Jle and adlÙ;t capelin 101E!re 

concentrâted into compact schools and were found at their maximun depth 

(Balleyet al. 1977b). The evening peak, occurring betl.leen 1600 and 

2200 h, corresponded with the evening vertical migration. This pattern 

of vert~cal migration in capelln Is, essentially the same as that 1cnown 

to occur in many planktonic crustacea (Cushi~g 1951) and has been 

docmented for euphausiids lIhlch are one of the dominant prey groups of 

capel1n ln the estuary and Gul f (Berkes 1976). The correspondence 
.. 

between the perIode of maximum vertical migration and maximum feedlng 

inten.lty suggest that f~eding ls most active durlng the transition 

periods. Si.Har pattern, of intensivé feedlng dut;lng periods of 

vertical migration were reported by Narver (1970) for juvenlle sockeye 

salmon. 

The reaaons for the apparent ahift to a single feeding peak 

correaponding with midday in October and November are unknown. One 

po881billty Is thàt the combinatlon of colder (1 - 2°e) near isothermal 

waters, wb1ch \IOuld tend to retard ev ac ua tion rates t and the shortened 
\ 

da,. length act ~o merge the eUIIIDer peaks and reduce the perlod of active 

feedlng. 

Seasoul Variation 

The cessation of feeding b~ s~wning capelln, with the exception 

of capelln esss wlch uy have been eonsœed ineldental to respiratory 

.aveaaents durlng apawn1ns, was consistent with the fipdlngs. of previou. 

25. 
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atudiea (Templeman 1948; Prokhorov 1965; Winten 1970). Silllllady. the 
1 

decUne in intendty of feecl1ng from August through Nov_ber was .1.Uar 

ln magnitude ta that reported by Olan and Carscadden (J 976). 

Geographical Variation 
,,~ 

Bailey et al. (1977b) repotted the J~currence of large 

" 
concentrations of Juvenile c~pelin near the mouth of thé Saguenay River 

in sUIIIIler, faU, and early vintel" vhen fev Juveniles occurl"ed in other 

areas of the estuary. They hypothesized that the year round occurrence 

of Juveniles in this area WBS made po.sible' by the stable concentration. 

of zooplankton that accur in and neal" the mouth of the Saguenay. Thil 

situation is contrasted with the situation in the estuary where 'the 

zooplankton dendties decl1ne rapidly to near zero in Augus, and ' 

September (Rainville 1979; Jacquaz et al. 1977). Our observation t"-t 
/ 

Juvenile capelln sampled from stations near the' mouth of the Saguenay 
ft 

were feeding at high leveh throughout the s\llllDer and fall provlde 

support for this hypothesis. 

E8Umates of Zooplankton Consumption By Capelln 
( 
1 

We e8tilllated daily ration of 'leapelin during May-Augu8t by 8U111111ng 

the values of food, consumed at the two peaks of feeding actlvity. 

Nakashima and Leggett (1978) have shawn that th1. method providee 

realistic estillates of daily ration provided the feed1ng peaks are 

discrete and the range ôf telllperatures over the 84IIIpl1ng period are 

S\lall. The fomer restriction appeau ta he adequately Illet. 'lbe range 

of maltll1UD daily temperatures e~per1enced by capelin during their 

vertical .1gration increa.ed approx1aately 13·C between May an~ AugUit 

\ 
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'* but these higher temperatures wre experienced only during their stay 

near the surface at night. 1be range of daytime temperatures 

experienced W8S approximately 7°C. Errors introduced into estiaates of 
1. 

daily ration by the effect of these temperature changes on aS8lailation 

rates lIOuld be SlDoothed to some degree by our' use of a single 

representatlon of feedlng peaks for the entlre interval. 

Dal1y ration was estimated to be 5% of the wet body wight per 

day. This represents a mlnlmUll estimate slnce the method used normally 

lncludes the wight of intestinal content's when determlnlng the weight 

of food eonsumed. It nonetheles6 falls at the midpolnt of the range of 

in situ estimates of dally ration for' several species of marine (>larke 
~ 

1978) and freshwater (Nakashtma and Leggett 1978) flshes. Estlmates of 

the total daily con8~ption of zooplankton by capelin in the Canadian 

'Atlantic (Table 2) were derlved by applyl~ this estimate of daily 

ration to estimates of tota~ capelln biomass for the, region reported in 

Carscadden and Miller (1979) and Miller and Cat:scadden (979) • \le 

estimate the dally consomption bas declined from 334,000 metrie tons to 
, 

83.0~ metric tons over the period 1972 - 1978. This bas resulted in a 

.urplus production of approximately 250,000 metric tons of zooplankton 

daiIy which 18 potentially available to other zooplanktivores. Year to 

year changes ln the,dally consumption of zooplankton by cape!in in the 

two 8uch areas for which estimates of capel1n biomas8 are available have 

a1&o been significant (Table 2). ADnua! changes in the quantityof 

zooplankton released fram. predation as a ~t of these changéS cou-ld 

potenttally influence year clus 8tren~th and/or g'rowth of capel1n or 

other specles. Winters and Carscadden (1978) used a simllar rationale 

to a.se •• the surplus production of capelin as a result of reductions 1n 

the abundance of major predators by c01llllercla1 pploitation. 
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Table 2. Daily eonaumption of zooplankton by capelin in ICNAF areas 
3LNO, 2J + 3K (metrie tons x 10-3) 

/' 

1972 1973 1974 1975 1916 1977 1978 

Grand manks 
(ICNAF 3LOO)a) 

NE Nfld. -
Labrador 
(IC,NAF 2J+3K)b) 

Total 

160 

174 

334 

11-6 S6 

132 116 

247 172 

47 41 25 10 

209 217 116 73 

256 258 141 83 

a) Olpelin biamass (~tal minus age 2) esulI.tes from Carscadden and 
\ Miller (1979) Tabte 9 • 

b) Capelin bioma88 (total) estimates from Miller and Carseadden (1979) 
Table 9. 
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