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Capelin and seabirds in the
northwest Atlantic

1. Abstract

Capelin (Mallotus villosus) are central to the food webs.

of seabirds, marine mammals, and fish in Newfoundband
waters. The area of Witless Bay. southeast Newfoundland
(rr, 47° 14’ N 52°46"W) contains the kurgest breeding concens
tration of scabirds in Canada and includes e, 1.25 million
indivicluals whose principal diet is Hsh: these consume

ca. 1300 t of capelin during the major part ot the breeding
season, 1 June - 153 August. 'The annual capelin consump-
tion by all seabirds in Newloundhand waters is ca. 250000 ¢,
of the same order of magnitude as that by seads and whatles.
and one-tenth that of Atlantic cod (Gadus morfiuea), 'The
proportion of the total Newfoundland capelin bionass
consumed by these predators is not known, However the
hirds” requirement for prey at locally high densites tor
elficient foraging, and the limitations imposed by ther
inability to dive deeply and by their need to forage close to
their colonies, suggest that only part of this total biomass is
available to them.

Capelin were the principal prey brought to Atlantic
Puttin (Fratercula arctica) chicks oy Great Island, Witless
Bay, in 196869, but the voung birds were ted manly on
sinall gadids in 1981, In 1981, chicks receved anaverage ot
only 13.47 ¢ tood/day (against 41,64 g iy 1968-649), tledged
atan average body weight of 217.0 g Gigainst 261610, and
ledging success was only 45.0% (against 680.3%). [t is
concluded that capelin torm an essential part of the diet of
young puffing in eastern Newtoundland. and that there is
no alternative prey, of comparable size, abundance, and
nutritional vilue available to the birds within riange of
Witless Bay. T'he responses of pulting and other seabirds to
scarcities of key food species elsewhere are reviewed. In
most cases the morve specialized seabird species have no
acceptable alternative to their principal prey.

T'he fishery for capelin which has developed ott
Newfoundland since 1971 theretore places seabirdsand
people in potential competition tor a common resource. [t
not clear to what extent the scarcity of cpelin oft Witless
Bay in {981, and a failure in capelin stock recruitiment on
the Grand Banks in 1978, was an effect of the tishery and/or
hatural environmental factors. However, any serious decline
in the Newfoundlind capelin stocks would have adverse
effects on the principal predators, A program to montor
the populations of these predators would provide an indica-
tion of the condition of the capelin stocks and give ;ul}';u‘u'e
warning of population declines, The management of this
tishery should proceed cautiously until the relationships
between the capelin and its predators are better understond.

by Richard G.B. Brown and David N. Nettleship
Canadian Wildite Service, Bedford Institute of
Oceanography, P.O. Box 1006, |
Dartmouth, N.S. Canadii B2Y 4A2

2, Résumé

Le capelan (Mallotus villssus) occupe une place clé
dans la chaine trophique des oiseaux aquatigques, des
mamniuteres marins et des poissons des caux de ‘Terre-
Neuve, La région de Witless Bav, au sud-est de Terre-
Neuve (environ 177 14°N 529460, abrite ki plus grande
concentration d'oscaux aquatiques nidihcatears du Cana-
da, dont prés de 1,25 milhon de sujets qui se nouriiasent
principalement de poissons; ils consomment pres de 7300 ¢
de capelan durant la majeure parte de la pénode de
nicdification quo s'étend du 17 juin aw 15 g0t La consoms-
matton annuelle de capelan par tous les oiseaux aguanques
des eaux de Terre-Neuve se chitire aenviron 250000 1, soit
le méme ordre de grandeur que celle des phogues et des
bateines, et le dixieme de celle de Ty morue (Cadus mortiia),
La proportion de La biomasse totale de capelan de Terre-
Neuve absorbeée par ces prédateurs mrest pas connue,
Cependant. le fait que leurs proies doivent attemndre des
densités locilement élevées pour que les oiseaus péchent.
etticacement, gu'ils soient limites par leur icapiascie a
plonger en protondenr ou par la nécessite de pécher pres
de leurs colonies, laisse supposer que seule une partie de
cette biomasse totale leur estaccessible. N

Le capelana été la principale proje apportee i de
ienes Macareux arctiques (Fratercuda aretien), i@ Greist

Tsland, Widess Bav, en 1968 1964, alors quien 1981, les

jeunes oiseaus ont €€ nourtis principalement de petits

gadidés, En 1981, fes oisiflons n'ont regu en movenne (ue

13,47 g de nourritare par jour (comparativement b Lisd g
en 1968 - 196W); ils étaient e mesure de voler avee un powds
corporel moven de 217.0 ¢ (contre 261,06 g). aver unsucees
d'envol de 45,0 % (contre 60.3 T0). Ces observitions ont
amené i conclure que ie capelan forme un élément essentiel
cu régime des jeunes macareux, i Fest de Terre-Neuve, et
que ces otseitux e disposent d'aucune autre prowe de taille,
d'abondance et de quilité nutritive comparables, auxcaden-
tours de Witless Bav, Les auteurs revoient les réactions des
nricareux et dlautres ciseaus aquatiques i ka raret¢ d'es-
peces alientaires clés ailleurs. Dans ks plupart des cas, e
especes plus particulieres d'oiscaux aquatiques ne disposent
d'aucune autre nourriture aeceptable pour remplacer leuy
proie principale. | e |
La péche au capelan qui s'est développée au large de

Terre-Neuve depuis 1971 a créé une rivadite entre les

oiseaux aquatiques et 'homme pour le purtage de cetie
ressource. On n'a pu déterminer dans quelle mesure L
rareté du capelan au Large de Witless Bay en 1981 et le
recrutement insuffisant des stocks a Grand Banks en 1978
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résultent de la péche et/ou de facteurs écologiques naturels.
“Toutefois, toute baisse importante des stocks de capelan de
Terre-Neuve serait préjudiciable aux principaux preé-
dateurs. Un programme de surveillance des populations de
prédateurs donnerait une indication de I'état des stocks de
capelan et signalerait a 'avance toute baisse de population,
Cette péche devrait étre aménagée avec précaution jusqu'a
ce que les relations entre le capelan et ses prédateurs soient

~Imieux connues,

3. Introduction

‘There are several marine ecosystems in which certain
animal spectes stand out as being central to the food webs of
many higher predators. In the Canadian High Arctic, for

‘example, the principal trophic pathways in ice-edge habitats
pass from the phytoplankton on the underside of the ice via
the epontic and free-swimming copepods and amphipods,
to the arctic cod (Boreogadus saida), betore branching out
again to seabirds, whales, and seals (Dunbar 1981, Brad-
street and Cross 1982), In Newfoundland waters the capelin
(Mallotus villosus). a small smelt, occupies a comparable,
central position (Winters and Carscadden 1978, Carscadden
et al. 1982; Carscadden, this volume; see below), as does the
northern anchovy (Engraulis mordax) oft Oregon (Wiens and
Scott 18975). The chain may be even simpler than this, and
run from the phytoplankton directly to the central prey
species (anchovetas [Engraulis ringens] in Peru and eu-
phausiid keill {[Euphausia superbia) in the Antarctic), and then
to the predators (e.g. Murphy 1936, Mauchline and Fisher
1969, Schacfer 1970). Sometimes a small group of species
has this central vole: sprat (Sprattus sprattus), sandlance
(Ammodytes spp.), and voung Atantic herring (Clutea haren-
~gus) tor British seabirds (Pearson 1968, Harris and Hislop
1978), or pilchard (Sardinops ocellata) and anchovies (En-
graulis capensis) for those in South Africa (Crawtord and
Shelton 1978). |

~ Inrecent years most of these central prey species
have become the actual or proposed targets for intensive
fisheries. "This raises a number of questions about the fate of
the higher predators which depend on them. How much of
the stock of the prey do the predators require, and how
muct is harvested in the fishery? Can the two coexist? If
not, to what extent are the predators able to adjust their
feeding habits w alternative preyr In fact, are there any
acceptable alternative prey species available to them? The
object of this paper is to examine these questions with
reference to the interactions of capelin, seabirds and other
predators, and the fishery, off Newfoundland.

4. The distribution and habits of capelin

Capelin occur in the low arctic waters of both the

North Atlantic and the North Pacific (Jangaard 1974). In
the Atlantic the species is especially abundant off New-
foundland, southern Greenland, and Iceland, and in the
Barents Se¢a (Leim and Scott 1966, jangaard 1974). There
are several discrete populations oft eastern Canada (Cars-
“cadden, this volume; see also Fig. 1). Stock A occurs on the+
banks off southeast Labrador and northeast Newfoundland

(International Commission for the Northwest Atlantic

- Fishery/Northwest Atlantic Fisheries Organization [ICNAF/
NAFO] subareas 2] + 3K), and spawns on beaches along

“ those coasts. Stock B, on the northern Grand Banks (3L),
spawns on the beaches of eastern Newfoundland from Cape
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Freels to Cape Race. Stack C winters on the northern Grang
Banks and spawns on the shallow Southeast Shoal of the
Bank (3N0). Stock D, from the western Grand Banks and
Green Bank (3Ps), spawns on beaches from the southern
Avalon Peninsula to the Burin Peninsula. Stock E is con-
fined to the Gulf of St. Lawrence. We are concerned
primarily with stocks A-C in this p::f)er. %,
Spawning occurs in June and July, earlier in south-
ern Newfoundland than in Labrador (Templeman 1948;
Jangaard 1974; Carscadden, this volume). The spawning
schools consist mainly of 3-5 year-old fish, though younger
fish may also migrate inshore at this season. Most of the
adults cﬁe after they have spawned. The remainder, along

with the immature fish, withdraw offshore again from

August onwards, though part of stock A apparently winters

off northeast Newfoundland. A small population also win-
ters in deep water in Trinity Bay, southeast Newfoundland

(Winters 1970),

In Newfoundland waters capelin are important to
many higher predators (Jangaard 1974, Winters and Cars-
cadden 1978, Akenhead ef al. 1982). They are taken in large
numbers by Atlantic cod (Gadus morhua) (and thus are of
indirect importance to the many predators which feed on

U O
Figure 1

Distributions of Atlantic puffins (Fratercula arctica) and capelin in New.
foundland and Labrador (after Brown ef al. 1975 and Carscadden, this
valume, respectively). The letters (A, B, C, D, E) refer to capelin stocks.
The codes (2], 3K, 3L, 3N, 80, 3Ps) refer to ICNAF/NAFO subireas
(ICNAF/NAFO 1963-83). W identilies the major colonies of puffing and
ather seabirds in Witless Bay, Newfoundland (see Table | and the text)
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1 -_ cod), Greenland halibut (Reinhardtivs hippoglossoides), Amer- 5. The importance of capelin (o mﬁirds in .

 jcan %laice (Hippoglossoides platessoides), and other demersal Ne
: | ' ewfou
E fishs by Atlantic salmon (Salmo salar), and bluefin tuna ' ndland
;. (£ ’éugzu‘;éfy:::g%l:ﬁk:ﬁ :le:]sép ;’Igopiuhz.s groenlandicws), - Newfoundlmd and Labrador support a large pop-
1 z HJ)’ an'd (B. aculorost 'sl( a}:“’""f{"”"a f’hf’“"‘[{“)f (8. ulation of breeding seabirds. The largest concentration,
i ‘(?::bm;m)' am“') nf:;ﬂ:i muf)l;'jfis ort-tinned squid (/llex Caracivas well as Newloundland, breeds on Gall, Green,
! ! y y seabiras, and Great iskands in Witless Bav on the Avalon Peninsulda,

ra, 4771 N D206 W (Nettleship 1980, see Fig. 1), The

- Table 1 - - . ,
) 1t Tt ] ] ¥ TEY ar R M- ey I 3 e A ] ' . o .
I:’l’“!"““" sizes of the P il H *'“"“I spraes l!'“'“”k i Witless Ban were cale ubstedh b asimg prados ovrs Beores oo Mannder and bl
I‘wwlm.ul{uull{!. and estimiies of their CONSUmIn of t.upvlin et the WLty ';t-,”[t..ﬁ[.-”, { |”T;"r Pt 03070 oud sty vl iates Frosn € anlson
T ALY | N : rxbipryial e T IL - 3 . B ,l - - ? ' S * ! | ’
‘i-"[“'; pet '“td‘l .illl" N]" ‘l\"l?{l”'t' {"““”‘"” of _‘”“‘”E thie '"}'““”H dand Wine (1900 Coubson 01002, Kadleo and Frears (19005, B kbead
1S - pupalations are from Nettleship (19803, those for non-breeding subacduit andd Bhadson e197 7 and Hodson an pressy? B |
'l : Pe— _ Herring Gull Black-legged Kittiwake Common Murre Atlantic Puffin Totals
g | s, vt . . . iy - | - | . - N U - —— s
; No hted 'u_lg e ?lllﬂ.[fl}.r IETP? . 84 (0 156 000 450 Q00
NG, CHRS fatcd €N clanich mn'.} 17135 (.0 77 TONL] K =St | G ]y
No. chicks hatched (hatching, %) 12673 (714 IOLETY R PTHERY, IR 15730070
_ No, chicks fledged (Hedging, % ) ORRD (TR B2 ST TH O N IO 3T o )
re L Average ho. chicks presem () 11000 49 000 £3 600 12.;1 000
7 - No. non-breeding subadults T T T T e e
. [I’-wml-m \ 02 AR DEEs B RUTE
""-F{.i" (LN } ' ;i 'l”'-’ LJH :II”I” 13: _.!Til T '__' W}
d-yer-olds ‘_ UULIE [T
; jl?}'l’ill'-l] {18 - . | i )
. Total subaclults (€)) 6447 -~ b2 138 R7 308 145 K6
Total o, birds ca. 31000 ca. 195000 ca. 306 000 | ca. 721000 |
Food cunuumptiun | | i AR
il H{[“Itﬁ {(H 'l”“ v x Tr} {l ¥, ,1] it W) g o T 1] . 'll } Vit ‘HH g - b o e bl "u . T-m 1| S
———— | {‘}f capelin dHiv (3075 3150 (Y 20 vy AT ey
. clicks {{ﬁ 200 x 153d ~ h (et g o< 4hd © (e 2T o 20d - B e 1d - A
{{” ‘"]”1: x :““I‘I ., IH] Frig "1, L ‘.'_._.III ,_”'], )
{Ur rupcltn} [6H 1 (30 [ Jtht (U, | SUTENLL I 20,y
{ Htlfﬁlilllllllﬁi (e 100y x $3¢ < € (fer Dby - ¢l - ) T 1 RTRIRN S B et B g IR B ]
{&F capelin) . bt (30 | 101 ( HY TNTE | bty sty
d " TR m———— - — e e et s et 't A i
‘ Fotal tood consumption 2 1 LND o : 300 NN
Fotal capelin consumption )N IR MU AN TR |
*T'he adults of all four species are present o the Witless Bay colomies all Fove onhen seabnnd<species breee in tee Withess By colonmes eNertdobiy
Ihl'tzll'gh‘llllll' th wt'.”.ilﬁ froa | ‘lllh' - 13 August. These would I‘t‘:lilil'r AN [ORC e TRUION DS of ke pi.mkmnluuu Deaddvs Stores Potsel o we D
;ulthllunaﬂ 2h70t of h_mrl (Herving Gl PG Kitwake 206 murre: nvder TOOD papre cach ot the whotly o parth fdeeating Great -
':];ﬂl Lo pusbfin 13500 fonr this additiomal S0-day petissd, o 2152 t ot capelin B lack-Bracked Calb Thie k-tafled Miunre Razorbstl oned Bl ool
:ll the suggested ratios for percent capelin also apply to the heginnhing of fiese will ot e taken into conaatetatton i the prosent pag -
the season, - - -
Table 2 | ' | - -
Fhe occurrence of varous classes of food items (%00 i the dicts ol Hernng tor Fleveing Coatls, Ratts akes,atnl taurres refes worhe mamber of meads
Culls (HG), Biill‘k-tfgut‘tl Kittiwakes (BLK), Common and Fluck-niled OWVRYor stomachad FNELH D i winch the HEIT I UESHON Was Phies i o1
murres (CMTBM), and Greater Shearwaters (GSHin castern pronepeil constituent Greatet Shoedtwater gretventages ieler e everns
Newfoundlund. # = the number of saniples on which the percentages are stotc b it whinch the dem ocenrred, angd sethe s of the pereentages
based, Silll]plt‘s from Witless Bay (WB) reter to hreeding birveds; those ftom oxceets 1000 Data trom Rees (1060, Tack (B DL Maunder (1971
sasternt Newfoundland (ENFLD), castern Griand Batik (EGIY. Placenta Riown o af (1979, Mahonev 119700 Prerottes 10740 '
. Hay (PB), and Notre Dame Bay (NDB) to no-breeders. The percentages - o | o
l ¥ Areat WwB | | ENFLD EGH PH NDB
Species: HG* BLKY M CM  TBM | G5SH
| Season: June=july June-August June~july - Winter .~ June  June . Sceplember
Year! 1976 1977 1978 1970 1977 978 @ = . - 1961 . 14978 1975
Item | | o
Capelin 4.4 2.4 K 0.8 azy o Wh A1 il 200 nha o un
Other fish 57 6.2 R 204 2 20 50 i W .
Squid 0. 4.5 101 0.3 1.9 0 % ; ]
Crustaceatss 0 ) ) | .4 ! U , -0 InK i ‘1
Birds 6.9 8.9 20,4 (} i} () (1 i (1 {} N
Other 9.5 970 985 6.0 t 2.4 1.3 S oo
Offal-garbage } 2.5 6.4 7.4 0.6 { b o . - 1. o
No. 404 1200 89l 25 7 Ll +H i} s a1
*"Birds" refers to young Atlantic Puffing or adult Leach's Storm Petrels: 1809 ol the "other fish” in 1970 were sundlance: howeser capelin was the

able 8 for pringipal food bronght 1o the chicke i 1970 and alswo [ (Manrnides

“Other” consists mainly of littoral molluses and barnacles. See T _ |
o e : 1971, Maunder and Threlall 1972,

the foods brought to young Atlantic Puffins.
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Table 3

food.cd, g ) (o)

Comparison of breeding performance in Atlantic Puffins in Witless Bay, Newfoundland, in 196864 and 198,
Measure 1968-69" 1981 x?ort P
aedging success - 69039 (126/200) 45.0% (45/100) y%=940.87 <0.001
Ehick mortality ,
(a) found dead in burrow 15.7% (13/83) 44.4% (24/54)° x* = 13,75 <().001}
(2.0 starvation) o ‘ .
(b rlisuppv;n'w{ pr(*m:ltlll‘t:l}' 84.539 (T(/83) 55.6% (3{”54)‘ xl = }|3.75 <{),001
(i.c. gull predauon/
cathy departiire) _ -
. Th ' — AE
" Chick conditionr at fledging (n = 126) _('n = 45h) 1
() body weight, g 261.06+34.07 217.0%38.22 =691 ().}
- N (159-92%) (145-276) . |
(h) wing iength, mm 42,1 = 14,19 [40.0% (.36 =142 NS
| (127-1D4) __{_l?ﬁ-—li?}_ L
Chick diet ) .on | N
() e sie, g 155 2.0+ 5.33 101 H.80.£4.895 t= 10,02 <(LOO ]
(b} composition:’ | Q08 (14964 101 | | )
capehn 175 B4, 1347 13 12,04 X = 144,92 <{L001
nniture Geedre 7 3.36% 05 4. 35 x =M .51 -rlll.{]‘{ll
sandlince 20 12.50% 14 {3.9% ;(f'-t .11 NS
total fish 208 100.00% 92 9114 X‘= 1909 <0.001
wmvertebrate 1) 0.006% Y 8.9% x"= [49.04 <{LO0} |
(O X teeding radte 17 (14t 36208 2() $3+3.60 (= 2.0} =().()5
(miealsichiohddy” | o
() estinated Cohick , 1 44 20 13,47

. ' . "

same study plots and habitas (slope) used in TY81 as base vears THOR-GE.

PLOGR -6 was prior to international capelin fishery: TO8 ] was O vears after
heginning of Bshery, 1981 was 3rd consecutive year of apparent capelin
spawning fadures in SE Newfoundland waters,

“Statistica) tests used (From Sokal and Rohlf 19684 are cither chissquare (x7)

from € x 9 contingency tables testing the significance of the dillerence
between the proportions indicated, or Student’s fdistribution.

eee. 2.2 mithon mdividuals there include, in descending
order ol abundance, Leach’s Storm-petrels (Geeanodroma
fence ooy, Atdantic Putiins (Frateveuda arvctica), Common

OMurres (U via aalge). Black-legged Kittiwakes (Risse tridactyle)
Cannd Herring Gulls (Larus argentatinn). dong with smadler

ntanbers of Thick-billed Murves (U'via fomvia), Razorbills
(Alea torde), Black Guillemots (Cepilias givlle), Great Black-
backed Gulls (Larus marins), and Norvthern Fulmans (Ful-
meeris glacnli) CFable 1),

Of these species, Leach's Storm-petrel is plank-
tvorous fe.g. Palmer 1962), The rensunder are all, to some
extent, tish-caters, Tables € and 3 show that murres and
putiins, the dommant aletds. feed almost entively on fish
andd the two gudls, Kittiwake and Herving Guall, also take fish
to a lesser degree. Overall, the tables show that capelin are

~ the domnant fish in the diets of Witless Bav seabirds,

Table T attempts to quantity these diets during
the central part of the breedimg season, During | july -
15 August. adudt bivds, their growing chicks at the nest sites,
and subadult birds ave all present at the colony. The adults

are also there eartier, during the incubation period (roughty

| - 30 June), but subadul seabirds tend to arrive later in the
season (e.g. Salomonisen 1967) and for present purposces we
assumne that they are absent betore 1 Julv, The estimates of
food consumption in the table are necessarily speculative

but we believe that they are reasonably accurate — more so

“for the specialist murres and puftins than for the gulls,

generalist feeders — and consistent with estimates tor
murre colonies elsewhere (Table 4), We conclude that the

- Witless Bav seabird populit 1on consumes ca, 883  of food

)

during this 73-dav period, of which ca. 7300 tare capelin.
Birds are at the colonies tor at least 2 months before, and

187

TFate of ane chick uncertain though knows nof to have fledged.
“Chicks watched for 3 days and therefore 1969 = 51 chick-days, and

1981 = 60 chick-days,
NS, P05,

| month after this central period. However we hesitate o
extrapolate our estimates further, partly for lack ot in-
formation about the birds’ diets at these times, and partly
hecause the capelin arve farther offshore then, and may be
less accessible (Jangaard 1974),

Because the distributions of the principal colonies of
putfins and other seabirds coincide with those of spawning
capelin (Fig. 1; see also Netdeship 1973, 1977, 1980; Brown
el al. 1975), it is reasonahle to extrapolate our estinvates for
Witless Bay 1o cover the whole Newloundland seabird
poptlation fot the period | June — 15 August, There is not
cnough information to do this for Herring Gatlls, but we
estimate (able 4} that the murres, puftins, and Kittiwakes
combined take a total of ca. 25 600 t of capelin, of which
ca. 17 300 t comes from stock A (subareas 2] and 3K) and
ca. 7900 t from stock B (subarea 3L, including Witless Bav).
These estimates take partial account of consumption by the
stibadults of these species. However, they do not incude
consumption by the large numbers of non-breeding Greate
and Sooty shearwaters (uffins gravis and P, griseus), mi-
grants from the southern hemisphere, which are widely
distributed in subareas 2] + SKLNOPs during this period
(Brow ef al, 1975). T'oo little is known about the diets or
population sizes of either species to estithate then: consump-
tion of capelin with any accuracy, but we conclude from
the calculations in Table 4 that, as a first approximation, it
maty be of the order of 25 000 t. Finally, large numbers of

- seabirds feed on capelin while they are wintering off

Newfoundland; most notably ca. 4 million "Thick-billed
Murres from Greenland and the Canadian Arctic, and
many of the ca. | million Common Murres which breed in
Newfoundland and Labrador, both capelin-feeders m win-

=y -
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Table 4 - , _

A prelmminary estimate of tood consumptior, by breed ack-legue o teme .
T . Kiﬂiwukm (;:l!lllllﬂ;l Mutres, and AlI'-uiljilir];n:;;il::{}::t':t?lll:‘tl.:[r‘lhI.I;Hu: “?ml”' !HI[;IJH:HH'IIIHI et LT sttt ks
i, - " ' S i st Labrador ceulated from the adolt—sabaduls - hick sanie *Witless I3,
S and casterss Newfoundland in the season | .]HIIL* ~-{h i\ugll!l. NAF() colonies { Table 1 h‘““”;:l.l:-:': ?:I:lll :I: ::;lll 'f:;:f;:l. : :flir::i:::::::l'mn |
L | subareay 2} Hmliﬂl( = cupelin stock A, 3L = stock B, and 3% = stock D asotrom table | - l Ana PR
(Carscadden, this volume). Numbers of breeding adults from Nettleship |
Capelin stock: A A | s o
Subarea: 7 3K h 3L - - 3Py
— __No.birds _Food, No.birds  Food, t No.birds Food.t . No.birds Food.t  Totals
Kittiwake ()ad 0.74 | T ‘ ‘ | T
subadulty
(.58 chicks) | | |
Adtlts (7h d @ 50 w/d) 190) 0.4 N Y -, )5 i) WL - Gundd - NG
Subichults (45« ﬁ_l ) j.[f{” 7 .2 34140 TERE T 174 4 TTGUTR b 1
. Chicks (45 d @ 5O yid) h! 0. xELE “ N RIURY Kl R R R Dy 1
— ol . | 232 (17 13020 0. SERER 708 4 532200 1717
Common Murre (1 ad./0.506 ) ) ' T
suthitdulty/
0.40 chicks) . -
Adulty (7hd e 200 Hﬂ’l“ bR 200 10230 FUR 20N ] URR D STHRINE O 2 NARRLL, G0
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- 27 IR0} ) ot = an 2l it AR
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Total food. t | F¥all o3 o LTNCI. ‘ - ",T—Tl 2w R
Total capelin | | |
consnption 200 L1 TSnT 1IN Y

Noit: — Additional species: cotumiptean sosld e TS 1 ol the diet wascape s aioed
HEI‘ﬂI‘lg Gull; the size of the Newfoundlaned |}u|ntl.llinn s ot knos e b }unqu'*wnri'- RN IINT]Y n'.'ulln.: 21 tpmorinons oo u|twi Flomveser the Lk
Table | estithates the t‘il[}l‘ﬁll {‘UHHIHII[JHIJII lor this pl'l'lml i Witless Bas s el ddetinte nbormagion carshie v aten tranend e s, dhets, anld uu't.ihu!n fales
1, E“HL ”'I.”\l""”ll"ﬂ."“L"'IH[”’! “l'\l' .IIIIHH\”H:II“U“‘l'llll"r |
Shearwaters: 5- 10 million Greaer Shearwaters breed i the South Comparative data: \Wien~.ond Scom 1975 g at coergy Hhow model,
Atlantic and winter in the Novth Adantic in June -Oowober, along wath estinnate thar 5 - Panlheon Soote Shearwaters cotnane S0 750 of foral
barge intibers of Sooty Shearwaters - indtially of] castesn Nonth Nincrnva U Gl noathernanednnaes o FSkFeromea 23 Lpgogth pre1 ot oo |
{Rowan 1452: Phillipss 1963 Voous and Wattel 1963 Brown et ol 1975, Chrevan Oncthe satne modet they estimate that 288 hreedmg Comtion
__ 1981 Bousrne 1980, For present pus poses we will assune that 3 pmallien Mt res consunme 100 nnamdy o osress dotmg b oneaah beeedmge
o 3 shearwaters are present | fune - 15 Augustin 2] + 3SKENOPsaaud tha et and L cover the whole seanr Other extianates foi Corinnon,
euch bird, weighing 300 g, constmes 175 g thased op the 2000250 ¢ d o aied ot Flch-alled matres based vnrdasy constmptsmirates oser o
X QIN) i Conunon Mugres, Satford and Haeris U687 ), Swenoen and Duiven Fanonth bhyeeding scason, are FPECOW e and Seett {970 2o
WH ) HO77D halt squeid and hatt capelin by weight ¢ Fable . Potal food - (Uspensky 16 2 adhon Tadsoan Nowava Zetaho and 30008 1184 010
0400 ¢ 1otal capelin = 197000 Alterpativels we tollow Morejohy e of P 17000 hinds i the Beangd Sean o o
Vore generaliv, Wiens and Scott (1075 estimate that seabirds

(1978) in assuming that the citorific contentob the squid <5 1 kg twett,

andd tuat a shearwater cany assimilitte 8095 ot the calotific content ot s food ke oo 20 o the production o pelages by e e nentie sone coge )

X and regttives, resting, 271 keal’d (1135 k| ). With capelina 42 E5 K] g A7 Limotbshorerv ol Orvegon, Farness PO Xesmaes o 29 wofan o
' {jt'nkillnl 19741 Montevecchi and Porter j 1OR0E samples tron sunomer, Ey-hnasachus of Shetfondand e and Conpren 2ES 20 g o lagene of

e W waithue M ke of saddondha By, Sseuth .,"’L]'LI o S lacfer (1070

i castern Newfoundland) the birds consume 70 - 70000 1 of Loid
- ealingdtes cer NV tor the seatsrds of Ve

(3538000 ¢ of capeling ina 75-d period, With capelin e 178 K] g
(MLS. W, Bradstreet, in prep: summer, southeast Labrador), woal

18 - . : : . :
ter ('l'*uck 1961, Gaston IHHU). YWe SRSt {'l’ul‘ﬂt‘ D), ug;lill fish lett unconsrumed. l‘nf.mLitlnn estinutes hused on acinisti
ter 8« Fhrst :1p|n'¢minuttiml. that the breeding and non- surveys sugpest tha the peak bicanass of capelin in subareas
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i breeding seabirds tike i total of ca. 200000 tof capelin 2] + SKLNOPs in 1976 was ca, 10.3 million metric tons

e {rom Newfoundbiind waters in the course ol the vear. (using the higher estimate in Fable 5): the Bishery took only

q The seabirds’ annual consumption of capelin in cd. 3.;‘?%‘& ul‘.this. ARAINS! ¢t :i?:fii I::- all natural predators

% subuireas 2] + 3KL.NOPs is theretore of the same order of combined, includin K only ra. LA4% by ;hc m'nhui{h. (Mt u

magnitudé as consumbption in those areay in the 1970s by other hind the seabirds ulmwl‘x:'u:iltl ha{\'t* tﬂqmrrrl_ ‘. 234

the fishery at its peak, by harp seals, and by fin and minke and t_ht* natural prvdatprs ca. ..5.1‘0* c of the ca. 1.1 mithon
metric tons estitnated for 1979, The results of acoustic

whales; it is about a tenth the consumption calculated tor _ |
strvevs vary with the method used, and they are more
reliable as relatizve indices of annual changes in capeln

P-

Atlantic cod in the same period and subareas (Winters fmd

Carscadden 1978, see also Table 5 and Fig. 2). It is dllhclull bers than as absofute estimates of capelin biomass {Cars

to view igures in the wider perspective of the absolute nuinbers than as aosoiul s Of G ass-{Lars-
(hese fig. o cadden, this volume). Even so, the figures suggest that the

biomass of capelin in these subareas, since the estimates ot - . AT S0, LIE BTl S that the
consumption giver by Winters and Carscadden (1978) and present low level of capelin biomass may be imposing limits
Table 5 are minima which take no account of the biomass of on lht_f populations of the higher predators.
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However, it is important to emphasize that the murres and puffins can also reduce t:heir energet'ic costs by
significant index for the predators is probably not so much foraging on locally dgnse concentrations of caPelm,
the overall size of the capelin stock in a given subarea, as the Whether the index of qapelnn biomass 1s local or
lncl density of the fish within refatively small areas. It is this general, seabirds are further limited in their access to the
which determines the foraging efficiency of the predators. resource by restrictions that do not apply to the other

Brodie ef al. (1978) have calculated that a fin whale teeding ~ ~ natural predators. Seabirds breed only on land, and so the

on euphausiids on the Scotian Shelf cannot meet its (lail};
energetic requiremerts at a prey density of only 0.1 g/m”,
the average density of euphausiids in that area; it must
instead search for “patches” of euphausiids as dense as
17.5 @/m® or higher. The use which seabirds make of
fronts,” tidals upwellings and similar oceanographic sys-

Table b
Consumption, in metric tons, of capelin by seabirds, other predators and

people off eastern Newfoundland
Annual consumption by seabirds in subareas 2] + SKLNOPs

ems which concentrate their prey suggests that their forag- T
W ].b_“l}“ h {””r{{"".”ni 'ﬁ“ lllt L“ IPI*L} “15’5{““ 5t ather th: 5 4 million "Thick-bitled Murres, November-March @ 200 g/d
ng IS Hlbﬂ (It'le[ IIIIIlf.(i }} ”{fl (.U“Lf.““ dL10ns ldt_ 1€1 l_l‘dll - ((;Hﬁlﬂ'“ 198{}'} 108 000
overall abundance (Neuleship 1977, Brown 1980), Ot~ 1.6 million Commaon Murres, January-December @ 200 g/d
Novava Zemlva the Dovekie (Alle alle), a small, diving, (from Brown ef ¢l 1975 and Tables 1,4) ~ 105 000
T e ) ' ' . . : TIL \ L | g ! . e G5
planktivorons alcid, can in theory reduce the time 1t spends 0.8 million Atlantic Puffins, April-October @ 100 g/d
foraging nuderwater by two-thirds, if it hunts in areas ot ({rom Brown et al. 1975 and Tables 1,4) 15000
oraging niderwater by two=thizus, unt cds 3 million Greater and Sooty shearwaters, June-August
maximum rather than average prey density, and the feed- (Tabled) 95 (U1)
ing hirds do indeed concentrate in such areas (Zelickman ———
and Golovkin 1972, Brown 1981). It is not possible to say ['otal | ca. 250) ON)
precisely what such a reduction i1 foraging tine means i) Annual consumption in subareas 2] + 3IKLNPOs (hused on Winters and
CNETEELL LTS, but there can be littde doubt that it Carscadden 1978; Carscadden, this volume) ~
represents a signiticant saving. The energetic costs ot Exploitable
swimming transport in a Mallard (Anas platyrfiynchos) are Predator ca. 1955-57 early 19705 surplust
about six times greater than those of flying (Prange and Seabitds : 25() 000 250 000 —
Schmidt-Nielsen 1970). Iuis likely that fish-eating alcids like - Harp seals |
. | - (Pagophilus groenlandicies) 432000 300000 132000
Fin whales , 360 010 250000 HO000
___W I.\ﬁ“kt' Whﬂ]ﬂﬂ 35 U”U 2” (0 15 00
Figure 2 | o . Atlantic cod 3970000 3000000 970000
_ A Landines of caneting in eastern Newf ; x 0P, T ———eecnes ,
| .FIHHLH lluld!:!p n_[ capehn i e ~rm‘l '.]_\t‘f{flflllf,l! "“I‘{"“‘r‘.“ ton X 10 Totals = 047 000 3890000 1227 0(10
round. wet), The combined cutches from areas 2 and 3 (mainly — —— —n - > .
2F, + SKENOPs) are fisted under "ENFED. 3L Oftshore” and “Inshore” Peak capelin catch, 1975, arcas 2,3 J6h U711
indicate. respes tively, the caiches by foreign and by Newfoundland vessels Capelin catch, 1981, areas 2,3 36 6781
:'f_m_h::”l;t. -_‘_H"f'?f‘l :l[ S” "'“_IF":I?"JH';].'T _Ilh;.]w l‘:‘l"{l"I";:“m:];m“‘l" Estimated absolute biomass 19768 10 344 000
Ape St Franas and ©repassey Gandnaading A itiess ay). L catehes Estimated absolute biomass 19704 1 104 000

refor primarily to cu{u.:-lin stock 13, thnugh prart of the oftshore catch mav

include fish trom stock G (Garscadden, this volume), Data from ICNAF/ The requirement for capelin by seabirds breeding in Witless Buy

NAFO (196383 and Anon. (1982): the diata tor 1981 are provisional. (1 June - 15 August) in relation to the bioinass of mature, 3-5 year-old
Note than part of the “inshore” catchin 31, 10 1974 miay have been taken fish potentially available to them at increasing distances from the colony

by fatge Newfoundband vessels operating offshore: the offshore catchom 3L , Birds' requirement

Gind in E.NFEINY in 1975 may have been underestimated by ca. 25000 ¢ Foraging radius (= ca. 7300 1

(Carscadden, this volume). from Witless Bay, km  Local capelin biomass**  as % of local biomass)
Since 1979 the inshore fishery in 81, has concentrated on the harvesting B T B 4 45”_ 164 o

of mature female capelin for tieir roes (Anon, 182), As & consequence, () 17 800 . 41

- males and unripe or substandard {enxiles ave rejected and do not appear 50 44 500 S
s the Tandings statistics (Rowe and Colling 1982), The actual catch inshore 100 89 (00 8
i 197981 nuay theretore lave been double that shown here | B e ——————————— S e s

| ]t is assumed that the whole population winters off Newfoundland.
= . However Common Murres also occur in winter as far south as Georges

IGOE | | Bank, outside the range of capelin (e.g. Powers and Rumage 1978); if

these are Newfoundland birds, the actual capelin consumption from
November-March will, to an unknown degree, be less than that estimated

() - .
2o here.
o [ . - /" tBased on the estimated biomass of capelin left unconsumed by the decline
2 3L OFFSHORE /,_ -p | in predator populations between the fate 1950s and carly 1970s; no
g o | | estimates of changes in seabird populations available,
- E /\3L INSHORE ot $Probably toa low: see caption to Figure 2,
S r O\ / 81976 and 1979 are, respectively, the peak and minimum biomasses for
T N\ v 4 | 21 + 3KL, extrapolated to cover 3NOPs as well feillowing the calculations of
e i \ / - Winters and Carscadden (1978) for cod (Akenhead ef al. 1982). Another
' \ / . method of estimating bivsass gives 1 890 000 1 (1975, peak) and 4495 000 ¢
z ! ) S Sl SOUTHERN | (1979). Both methods are more reliable as relative indices of year-to-year
o ““egpseg SHORE changes than absolute values of population size (Carscadden, this volume).
e “ **The 10tal biomass of capelin projected for 3L in 1981 was ca. 300000 t
© k! KN (NAFO 1981), In the absence of a finer-scale analysis of distribution, we
‘l‘ o “ here assumne that this biomass was evenly distributed along the ca. 800 km l
% o? . - of shoreline in the subarea @ 445 vkm. However the caich statistics (Anon.

055 % 575 1573 1673 1975 976 197 1978 1979 1980 98| 1982) suggest that this was not 30 and that capelin densitics were lower
YEARS . than average in the Witiess Bay area. In Trinity and Conception bays

3 3 7i 269 288 366 360 227 85 24 23 I in 1981, 19682 t of fish were caught (44 vkm or 46 t per licensed
TOTAL €. NFLD. (t x10%) fishetperson), against only 66 t on the southern shore (0.4 tkmor 2.5t/
' fisherperson), |
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breeding birds have access only to that proportion of the
biomass that is within economical foraging range of their
colonies. These ranges vary widely between species and
colonies and may change rapidly, depending on the
availability of prey (e.g. Tuck and Squires 1955, Nettleship
and Gaston 1978, Gaston and Nettleship 1981). Their outer
limits become crucial during the chick-rearing period. when
the chick must receive a quantitatively and qualitatively
sufficient daily intake of tood to sustiin its rapid gmwilL

‘The fora?ing parents are further limited o a maximum

16 h day-length (Civit Twilight) at the Latitude of Witless Bay
because Common Murres, at least, are unable to pursue fish
at night (Sanford and Harris 1967).

The actual foraging ranges of Witless Bay seabirds
are not known with any certainty, but puftins and murres
are regularly taken in gill nets set along the coast of the
Avalon Peninsula at least 20 km from the colony (Piatt et ol
this volume). This suggests that the birds mav travel quite
far, though there is no indication of the foraging ranges of
parents actually foraging for their young. Observations
elsewhere suggest that most seabirds forage within a 35--

50 km radius of their colonies (e.g. Wiens and Scott 1075,
Furness 1978, Furness and Cooper 1982, see also Table 1),
A Witless Bay puffin, with a flight speed of ca. 50 kimvh
(Pennycuick 1969: Fig. 8), could thus, in theory, have access
to capelin of stock B along the entire length of the castern
Avalon Peninsula, from Cape St. Francis to Cape Race, inan
hout's flight. If the fish were present at the depths and local
concentrations suitable for efficient foraging, it could meet
its food requirements from the biomass of capelin withun
20-50 km of the colony (Table 5¢). On the other hand, the
fish of stock C on the Southeast Shoal ottshore, ca. 370 km
away from Witless Bay, would almost certainly be inacces-
sible to it. The only seabirds commonly seen out there
during the capelin spawning season are the non-breeding
shearwatets (Brown of al. 1975: R.G.B. Brown. in prep.).

‘The seabirds’ access to their prey iy also limited by
their diving abilities; unlike competing predators, they
cannot stay under water for long periods. Kittiwakes and

Herring Guils cannot submerge deeper than their own body

length. Shearwaters may stay under for ca. 12-30 s and
reach a depth of ca. 20 m (Brown et al. 1978, [981: Skira
1979). The specialized alcids are more efticient divers,
however, Common and 'Thick-billed murves have been
recorded as diving for up to 140 and 192 s, respectively
(Scott 1973, Bradstreet 1983), and the tormer will teed on
the bottom at 60 m (Scott 1973). In the Witless Bay area,
Common Murres are regularly taken in gill nets set at
depths of 30~ 100 m but not in those at 6= 10 m (Platt et ol..
this volume), which suggests that the species is a deep diver:
however, the reverse is true of puftins. In general, most
Newfoundtand seabirds are limited to toraging i the top
30 m of the water column, and only the murres regularly go
deeper. This would not limit foraging in the vicinity of the
spawning beaches, where the capelin schools are it depths
of 510 m or less (Templeman 1948). Shearwaters may be
unable to reach fish spawning on the bottom otishore on
the Southeast Shoal (minimum depth ca. 50 m), but they can
probably take them there at shallower depths in mid water.
On the other hand, the seabirds’ access to capelin in deeper
waters off Newfoundland is almost certainly limited by the
depth of the schools. Acoustic surveys have shown tha
young, l-year capelin stay close to the surface oft New:
foundland during the summer, but that the larger. 2-3
year-old fish remain close to the bottom (ca. 100 m) during

the daytime; they rise at night. but reach the surface.only if
the surface waters are cool (Devold 1970, Devold et al, 1972,
Kovalyov and Kudrin 1973). Much of the capelin popula-
tion is therefore too deep for any birds but murres to reach
it during the davtime, and it is accessible 1o the other, |
diurnal and shallow. . -diving seahirds for only a limited
pertod of davlight at dawn and dusk, -

We therefore conclude that capelin are an extremely
important prey for the more specialized seabird species
breeding in Newfoundland, such as murres and putline,
and to a lesser extent generalist feeders such as kittiwakes
and other gulls as well. 'Thev are also important to non-
breeding shearwaters off Newtoundland in summer. and to
migrant nitirres from the Arctic which winter on the Granel
Banks. The seabirds inrval consumption, estimined very
approximatedy at 2500001, is of the same order as that of
the seals and whales, and also of the Newfoundland capelin
fishery at its peak. However, itis ditticult to relate this
consumption to the overall size of the capelin biomss i
Newtoundland waters, partly tor lack of adeguate mforma-
tion about the latter, but partlyv also becase seabirds, hike
other higher miarine predators, depend on lical densinies
rather than overall biomass tor foraging efficiency. The
seibireds dqre further constrained By their liniited diving
abilitics, and by the restrictions on their foraging ranges
imposed by then need to breed on kind. Taken together,
these constraints mean that seaoirds, and to some extent the
other higher preditors as well, have access to a smaldler
capehn population thunp is i theory, available to then,

6.  Alternatives to capelin in the diets of
Newfoundland seabirds -

The importance of capelinan the diets of Newlound.
Land seabirds is also demonstrated by the reduced breeding
success of the birds in seasons when the fish are sCarde of
absent during the chick-rearing period, S

In [OR] the Athintic Pufbins hesting on Ganne
[slands. southeast Labrador (Fig. D bred successtuliy, feed-
ing their voung alimast entirel on capehin (Birkhead and
Nettleship 1982), This was not true of the bivds on Grea
[sland in Witless Bav. The principal fish in the chicke diets
at this colony in 98] were voung gadids (6:4.3%). sup-
plemented by small numbers ot sandlance (13 97, capelin
(12.9%), and invertebrates (R.9%) (Table 3). Only 45.0% ol
the chicks tledged, and HE45% ot those shich fatled to doso -
died of starvation i their burrows, This i shavp contrast’
io the TUHS and 1969 breeding seasonys at thns colony, when
the food brought to the chicks consisted entirely of Gishy:
mainly capelin (84, 1%), with smaller numbers of sandlarae
(12.5%) and a few gadids (3,490, Sixty percent of the voung
birds fledged in these two seasons, and only 15,79 of those
which failed to do so were tound dead of survation m then

burrows; the remitinder were probably tiken by gulis

(Nettdeship 1972, | |
The weights of the voung pulfins which did fledge a
Great Island in 1981 averaged only e, 83 of those which
fledged i 1968-64. The subsequent sufvisal of scabird
chicks is apparently correliated with their Hedgmg weight
(e.g. Pervins ¢t al. 1973). so the true chick mortality was
probably higher than the fledging percentage suggests.

“T'hese lower weights were partly the result of a lower

feeding rate: weight of the chicks’ daily ration i 1981 was
only 30% of thit in 196869, 1t is likelv that qualitative,
nutritional differences were also important. Harris and
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. Hislop (1978) found that the clupeids and sandlance which
~ were the preferred foods of putfins at Scottish colonies had
a higher caloritic value and a higher fat content than the
gadids which were unly fed to the chicks when these
preferred species were scarce. Capelin, like clupeids and
~sandlance, have a variable but relatively high fat and oil
content (Jangaard 1974; see also Table 4), and so they may
have been nutritionally superior to the Newfoundland
gadids. However, we cannot comment further on this point
until the nutritional analyses of the fish brought to the
Witless Bav puftin chicks in 1981 have been completed.
~Capelin are thus extremely importantin the diets of
voung puttins at colonies in Newfoundland. At first sight it
is surprising that their parents could find no substitute prey
in (981, given the variety of foods which pufting ave known
to bring back to their chicks. Apart from capelin, sandlance,
and gadids of several genera, the listat colonies onone or

both sides of the Adantic includes Adantic herring, Atlantic

mackerel (Scomber scombrus), sticklebacks (Gasterosterdace), gur-
navds (Frghdae), tlatfishes (/ Hewronectidae), gobies (Gobitdae),
~sqquid, polvehaetes, and crustaceans, all of which occur in the
novthwest Atlantic, as well as such fish as spratand weevers
(Fractnus vipera) which do not (Belopol'ski 1957, Myr-
berget 1962, Corkhill 1973, Asheroft 1976, Harris and
Hislop 1978, Hudson 1979, Lid 981 see also Tabie 3, and
Letm and Scott 1966). However this gives the misleading
impression that the puffin s a versatile bird with a wide
choice of potential prevs. Tn actual pwactice, the birds are
limited to prey with an average body depth ol 15 mm
(maximum 26 mm; Swennen and Duiven 1977): to spectes
with it relatively high calorific vitlue and fat content (Harris
and Hislop 1978)% and, for maximum foraging clficiency
(see above). to species which school. This means that there
ave onlv four prime species in the Witless Bay arca: capelin,
sandlance, and young Atlantic herring and Atlantic mack-
erel (Letrn and Scott 1966). [is not clear why the putfms
did not. or could not, increase their consumption of sand-
-~ lance 1o compensate for the scarcity of capelinm 1981, Tt is
possible that the bulk of the sandlance population is in the
velativelv shallow waters of the Grand Banks {e.g. Winters
1483}, ce. 85 km from the colony at their nearest potnt, and
thus probably outside the birds' foraging range (see above),
Fastern Newtoundland is at the northern edge of the range
of mackerel in Canadian waters and the species’ main
spawning grounds ave in the Gult of St. Lawrence (Lein
and Scott 1966): the putiins almost certainly could not have
had access to the voung fish, small enough for them to take.
There is an important spawning ground for herring off the
south coast of Newfoundland (Lemn and Scott 1866).
However, the prevailing currents would tend to carry the
Jarvae westwards towards the Gulf of St. Lawrence where,
like the mackerel, the young fish would be beyond the birds’
foraging range. [n short, there seems to be no acceptable
substitute for capelin available to the puftins which breed m
southeast Newtoundland, | |
The situation in Widess Bay in 1981 has close

parallels with recent events at Rgst in the Lototen {slands,
northern Norway, where the puftlin colony of ca. 700 000
pairs is the largest in Norway (Brun 1979). The preferred
prey at this colony was forinerly young Atlantic herring,
but these have been virtually absent since 1969 (Anon.
1972-79) and, as at Great Island, the adult birds have been
bringing young gadids to their chicks mstead (Lid 1981, see
also Mills 1981). With the exception of 1974, when sand-
lance and young Atlantic mackerel were available, virtually
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no young puffins have fledged from this colony since 1969;
most die of starvation within the first 10 days after hatching
(Lid 1981). Common Murres, Razorbills, und Kittiwakes
breeding in the Ryst area have also had a very low breeding
success (Barrett 1981). The Norwegian fisheries statistics
(Anon. 1972-79) suggest that Rgst is too tur away for the
hirds to turn to alternative prey, such as capelin farther east

off Finnmark, or sprat farther south, off southwest Norway.

By contrast the seabird colonies in Finnmark and southwest
Norway are apparently breeding successfully (Barret 1981},
Seabirds elsewhere have had varying success in

“adjusting to the scarcity of a preferred prey species. Hatris

and Hislop (1978) show that puttins at Scottish colonies
have access to several alternative preys — sprat, sandlance,
and young herring as well as young gadids — and these act
as “buffers” which allow the birds to respond to temporary
shortages with reduced breeding success at worst, rather
than outright failure. In British Columbia the Rhinoceros
Auklet (Cerovhinca monocerata), a small Pacitic auk, was able
to acljust to a scarcity of sandlance by taking sauries (Col-
olabris saira) instead, although the size and nutritional quali-
ties of this alternative were not completely satisfactory and
many young auklets starved (Vermeer 1978, 1980; Vermeer
et al, 1979, However, the Comimon Murres and Tufted
Puffins (Lunda cirrhate) breeding in the same area could not
make this adjustment apparently because they, unlike the
auklets, were unable to feed at night when the sauries were
available close to the surface. The principal food of the
three guano birds of the Peruvian upwelling system, the
Piquero Booby (Sula variegata). pelican (Pelecanus thagus),
and Guanay Cormorant (Phalacrocorax bouganuillei), 1s nor-
mally the superabundant anchoveta (Murphy 1936, Jordain
1967). From time to time an intrusion of warm tropical
water (the “El Nifio” phenomenon) suppresses the up-
welling: the fish become very scarce am' the guano-hird
populations decline drastically (Murphy 1936, Tovir and
Galarzo 1977, Valdivia 1978). The other preys available to
the birds, such as sardines (Sardinops sagax) and pejerreyes
(Odontesthes regia) (Vovar and Fuentes 1980), are evidently
quantitatively or qualitatively inadequate to support them.
In the analogous Benguela upwelling the South African
anchovy has recently increased relative to the formerly
dominant pilchard and other species. The populations ot
the South African guano birds, the Cape Gannet (Stila
capensis), Cape Cormorant (Phalacrocorax capensis), and Jack-
ass Penguin (Spheniscus demersus) have all declined as a
consequence of this. The penguin is the species most
affected because its limited foraging range apparently re-

stricts its ability to adjust to the different and less predictable

migrations of the anchovies, in contrast to those of the
pilchards, its preferved prey (Crawford and Shelton 1978,

‘Crawford 1981). These examples suggest that the more

specialized seabird species have fewer choices of prey than
might at first appear, and that the scarcity or absence of a
preferred species is usually detrimental to them.

Other species of seabirds have adapted more suc-
cessfully to changes in their food supply, but these are
generalist feeders and the changes have usually taken the
form of the exploitation of human wastes: for example, the
Northern Fulmar in the boreal North Atlantic (Fisher
1952), the Black-legged Kittiwake in Norway and elsewhere
(e.g. Norderhaug et al. 1977), and the Herring and Great
Black-backed gulls in eastern North America (Drury
1973--4). However, the breeding success and, ultimately, the
sizes of the populations of specialist fish-feeders like the
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alcids and the guano birds almost always decline when
preferred itemsy in their diet become unavailable and there
is no acceptable alternative, In general, the decline is
sharpest in the species or the colonies which rely on the
fewest species of prey, |

7. Seabirds and the Newfoundland capelin fishery

In the examples quated above, the fluctuations in the
availability of prey at the Scottish and British Columbian
alcid colonies were apparently the result of natural phe-
nomena (Harris and Hislop 1978; Vermeer 1978, 1980:
Vermeer er al. 1979). On the other hand., the scarcity or
absenice of the birds’ preferred prey in other cases was the
direct or indirect result of tisheries. This is true of the
decline of pilchards oft South Africa (Grawford and Shetton
1978, Crawtord 1981) and of Atlantic herring oft Norway
(Anon. 1972-79). The collapse of the anchoveta population
off Peru was initiated by an “El Nifo” event, but com.
pounded by ovetfishing of the surviving stock (Valdivia
1978). -

‘The fishery tor capelin off Newtoundlind has ex-
panded dramatically it the fast 10 years. T'o whit extent
could this have contributed to the scarcity of these tish off
Witless Bay in 19812

Capelin are or have been harvested for tood, tish-
meal, fertilizer, and bait (Jangaard 1974). The traditional
fishery in Newtoundland took capelin close 1o the spawning
beaches and accounted for ca. 23 000 vy ear around 1900,
declining to ca. 5000 t by the Lte 19705 (ICNAF/NAFO
1963-82: Templeman 1948; sec also Fig. 2). Meanwhile q
large oftshore tishery developed in the Barents Sca in the
early 1960s, and was extended to Teelandic waters soon
afterwards (ICES 196382, Jangaard 1974, 1t extended
farther west to the Grand Banks it the early {970s, and the
catch reached a peak of ca. 350000 Vyear by nid-decade
(ICNAF/NAFO 196382 see also Fig. ). In the spring of
1978 the rate of recruitinent of voung capelin into the stocks
was found to be very low, and the ottshore fishers was
suspended and remains so, apart fronta imited harvest in
subarea 2] (Carscadden et al, 1982: Carscadden, this
volume), At just that titme, however, the inshore fishery
expanded rapidly to supply the Japanese market with the
roes of mattre female capelin (Anon. 1982, Rowe and
Collins 1982). Most of this harvest is taken in subarea 31,
(stock B), especially in Trinity and Conception bivs (Figs. |
and 2). Landings of 24 529 t were reported from this
subarea in 1981 though the actual catch was probably at
least twice this figure, becatise of the inevitable wastage o
males and unripe and substandard females which accompa-
ny a specialized fishery of this kind. |

There is a parallel between the expansion of the
capelin fishery off eastern Newloundland and the decline ol
the breeding success of the putiins at Witless Bay. Capelin
were abundant in the Witless Bay arvea in the late 1900s, just
before the start of the offshore fishery in subarea 3L, bui

scarce in 1981 after a decade of inshore and ottshorve fishery

there for stock B (Tuble 8). Is there a causal connections
Capelin mature and spawn at 3-5 vears of age(Carscadden,
this volume). "This interval is too long for the scarcity of 1981
to have been caused by overfishing the spawning stock
inshore, because the inshore fishery did not start 1o exparid
untit 1979, It could, however, have been the result of
overfishing offshore, in 1976 and 1977, just before that
fishery was suspended. There is evidence that offshore

capelin were overfished in the 1970s (Carscadden, this
volume), but the population atfected was stock C, which:
spawns on the Southeast Shoul out of range of the Witless
Bay seabird colonies, and not stock B in subarea 81,
Carscadden points out that the fishery at its peak wis taking
only ea. 10% of the exploitable biomass (e.g. Table 5). |
seemingly too siall 4 proportion to affect the population as
a whole, He suggests that the decline in the recruitment rate
which was detected on the Grand Banks in spring 1978
teflects the dving-out of the unusually farge vear-class of
capelin that was spawned in 1973, He notes that the size of
veir-class depends on many Factors among which the un-
predictable effects of the weather on egg and Lieval survival
are particularly important (e g Frank and Legget 19814,
PR 1A, and that it is not necessarily related to the size of the
spawning population. Moreover, there is not necessarily a
correlation between the biomasses of the capelin and its
predators, as Akenhead ef af, (F982) note for Atlantic cod. It
I8 atlsor possible that capelin were present and abundant ol
Witless Bay in 1981 but, beciuse of high surtace tempeta-
tures, were spawning in deep water instead of on the
beuches te.g. Templeman 19880, This might have placed
them below the putting diving linmits (see above), The
failure af the Witless Bay putfins to ind capeim m 1981
may theretore have been the vesult of dascarcity of tish
brought about cither by naturally océarrmg factors, by the
tisherv, or by o change inthe behaviour.of the spawning

sh. or by acoanbimation of all of these, [tes thetetore not

posstbie to go turther on the present evidence. -
8. Discussion

Capelin are extremely important to many predaters
i eastern Newtoundland waterss this s espeoatly troe of
the seabirds. Tos clear that the more speaalired species, |
such as murres and puttins have tew acceprable alternatve
prevavalable to them when capelm are scarce oft New-
tonndland,  The reproductive strategy ol such hivds is o
iatntain a stable populiction by balanang o low natural
acdult mortality rate agamstaclow annoal reproductive rate
combined with a long periad of pre-breedmyg adolescence
(¢4 Ashmole 9710 see also Table 1 Upto g point, the
populations can rensain stable ain the face of irregula,
raturial environmental pertorbatons which emporarthy in-
crease adult mortality or reduce reprictucive suceess, the
response of Scottish pubtins v natural Huctianons i the:
abundance of then various prey speaies dHars and Hislop
TO78Yis v in poant. Hlowever, such a arategy makes
them especially volnerable to additonal, reprated mortalities
divectly or indirectly imposed on them, i Newloundland
and elsewhere, by such human activities as excessise hunt-
ing. drownings in @il nets, oil polluton, and competition i
(rom the fisheries. The almost complete breeding tinbure of
the putiins on Rost sinee 1968 (Lid TOR D, apparentiv due to
the overtishing of thetr preterred prev, will inevitably resuli
it a massive decline tn the population as the older birds die

oft, and tht‘ﬁpt*rivs' lovw rvprmllu‘li\'(‘ rate will tmake the

population slow to recover if awnd when the herring stk
recovers. [Uis important to keep a close watch on the
comparable recent events in the puthin population ar Witless
Bay to determine the extent to which these puttins are also
being aftected by fluctuations in their principal prey, cape-
lin. Sucl monitoring will provede us with advance warning .
of the state of the puttin population: and. by extension, of
the capelin stocks as well. ‘

192



4 A P el i N el
n ot

o et e P W R Bl W

For this, we need more information about the feed-
ing ecology of seabirds in general, at Witless Bayand
elsewhere. We also need to know much more about the
population biology of capelin. Itis untortunate that the
capelin fishery has expanded faster than its scientific base,
.nd that most current research on the species is devoted to
stock assessment techniques and other aspects of manage-
ment. rather than basic biology (Carscadden, this volume).
Even here, there is still no reliable method ot assessing the
~ahvolute as opposed to the refative biomasses of capelin
stocks. ‘This makes it almost impossible to judge how realistic
are the quotas set for the capelin fishery, not just in relation
tor the capelin population as a whole, but also to the |

requirements of the populations of the various animals
which prey on these fish. To allow for these un known
factors the catch limits are purposely set at conservative
levels: 10% of the projected capelin “surplus,” or 330001, in
subarea 31 in 1981 (NAFO 1981). But are they conservative
enough? Even it we ignore the importance ot local as
opposed to overall capelin abundance, and the inaccessibil-
ity of the deep schools to most seabirds, the evidence
suggests that they are not. The overall biomass estimates, {or
all their limitations, seem 1o show a decline of the order of
75-90% in capelin biomass off eastern Newfoundland
during the 1970s, perhaps to a level below that needed to
support the predators’ populations at the levels they held
only 20 vears ago (see above, and Table 5). If this is true, the
predators of the capelin can respond only by switching to an
alternative prev — an unlikely option for seabirds, at least —
or by reducing their own biomass by emigration or starva-
tion. In the latter case we have 1oo few data to predict
whether the dedline in the populations of the higher
~ predators will be total or only partial, and there is a danger
that the answers will not become apparent until itis too late
for remedial ineasures. 'This is an unsatistactory situation
from every point of view., |

| In conclusion, we are struck by the extreme vul-
nerability of ecosvatems which depend on a single central
prey species, howeser abundant that species may appear to
be. We find it very disturbing that human exploitation
should already have reached a high level without any
proper means of understanding, or even measuring, its
eftects on the populations of such species, let alone on those
of the predators which depend on such prey.
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