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7 C.apelin in the northwest Atlantic

1, Abstract

Capelin (Muallotus villosus) is considered to be onie of
tie most important fish species in the northwest Atlantic
hecause of its commercial importance and its position as a
furage species. Aspects of capelin biology including distribu-
tion, spawning, migration patterns, stock discrimination,
nopulation biology, and its position in the trophic structure
of the northwest Atlantic are reviewed. 'The offshore com-
mercial capelin fishery began in 1972, peaked in 1975, anl
has declined since then, The pattern of the commerctal
fishery and its management are reviewed. The status of
capelin stocks has been determined by a surplus-production
model, acoustic techniques, and analvtical models: and the
results of the analytical models indicated that the strong
1073 year-class resulted in relatively high capelin abundance
in the mid 1970s. The 1974=78 year-classes were relatively
weak and the capelin biomass declined during the late
1970s. Fishing mortality rates calculated from the analvtical
models have been low for stocks in Northwest Atlantic
Fisheries Organization divisions 2]3K and 31, suggesting
that fishing did not contribute significantly to the decline.
Heavy fishing pressure on the division 3NU stock may have
exaggerated the decline of this stock. Factors intluencing
the dynamics of capelin populations and the p wsible ettects
of fluctuations of capelin on its predators are reviewed. The
research program in capelin is presented.

2, Résumé

Le capelan (Mallotus villosus) est considere commie

une des principales especes de poissons du nord-ouest de
' Atlantique en raison de son importance commerciale et de
sa qualité de fourrage. L auteur reprend certains aspects de
la biologie du capelan et traite aussi de Ly ciistribution, du
frai, des schemes migratoires, de la différenciation des
stocks, de la biologie des populations et de fa position chu
capelan dans la chaine tmpﬁique du nord-ouest de [Atanti;
que. La péche hauturiere commerciale du capelan, quia
débuté en 1972, a atteint un sommet el 1076 et a déchiné’
depuis. L 'auteur analyse la structure et it gestion de la péche
commerciale. La situation des populations a été déterminee
grice 3 un modele de production excédentaire, X des
techniques acoustiques ot aussi i des modeles analytiques,
les résultats obtenus avec les modéles analytiues montrent
gue le grand nombre de sujets dans la classe d'age 1973 a

onné lieu & une abondance relative de capelan au milie
des années 1970. Les quantités ont été relativement fathles
dans les classes d'ages 1974 i 1978 et la blomasse cu capelan
a diminué vers la fin des années 1970, Les taux de mortalite
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causée par L peche, catcules i Fide des modeJesanals -
tiques, ont €té faibles dans les stocks des divisions de L
Northwest Atlantie Fisheries Organization 2§53k et 30,
ce gui indigue que T peche s pas concowru de facon
appreéciable & la baisse des populations, Une torte pression
de la péche sur le stock de la division 3N poure L eTEAVOR
accentue le decding Lauteur revoit Jes Lrcteurs qui intluen
sur L dvniamique des populations de capelans e lees et
possibles des fluctuanans de Tetle Ut des popalations sur
les predateurs de cetie espece. expose egalement le: pri o
gramne de recherche sur le capelan.

3, Introduction

lt iﬁ pl'{ ll?ill?lt' Ellrl' l'ili'l‘l'“” f.‘,’f”i'rhl.i I‘fIHH'L”,h] l‘\ I““.' l?!
the most important fish speaies i the northwest Atlnbe
because of its cotmercial anporvanee (18o fanded yadue
§:4.5 mmithom and its positon as a torage spre tes (Baales ef ol
1977 Winters and Carscadden 149780 T he mrportance o
capehin as a toord species for other manine Anrnals Bas ooy
heen recognized (Terpleman TR but e enth capedin
han generated a great dead o interess besth trom the general
prablic and the s wentific cotmmiuty - Uhsvinterest has arisen
frgely as a result od conunetctal capelin hishens tha
developed in the varly 17 0s and the potennal mpact of s
fishers on the capelin stocks themselves and on predato
stocks, ey of which are commeraally important.

{1 is the purpose of this paper 10 TeVIEW seime aspeas
of capelin lite - histors, the history of the commerand fishers

“and its inanagement. the population dynamies of vapehin,

the [thhihh‘ nnpract ol Huctuations of ¢ ‘qu*lin 11 1 l"“l‘
qrors. and the research program ot capelin g the News
foundland area. |

4, Life history

Capelin (or caplin) are snail, sibvery fish closedy
Felated o smelt, They are a cold sater, pelagic, schovhinig
Spectes inhabiting arctic and sttharctic seats i the Atlantic
i Pacitic oceans. In the castern Adantic, capehn ocoar
from western Norway to northern Russia antd are widely
distributed throughout the Barents Sea. They ase abso
Ahundant around leeland and Greenland. On'the cast coast
of North America, capelin oceur from Hudson Bav to Nova
Scotias. hut are most abundant around Newloundland and
Labrador. In the Pacific, capelin ocear from Alaskacto Juan
de Fuca Strait and from the Sea of Chukotsk to Japan and
korea (Jangaard 197D, | | |

The relative distribution of capelin iy the coastal
sone varies seasonally but undoubtedly peaks in June and
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July, when beach spawning occurs. At other times of the
vear, capelin can be found in large concentrations in the
offshore waters. Although the distribution of young capelin
is not well defined. the distribution and migration paterns
of adults ave better known and spawning stocks of capelin
have been identified. There are five major stocks in the
Newfoundland area: Labrador—Northeast Newfoundland

" stock. NAFO! div. 2J3K, (A); Northern Grand Banks -
‘Avalon stock, NAFO div. 3L, (B); South Grand Banks

(Southeast Shoal) stock, NAFO div. 3N, (C); 8. Pierre —

Green Bank stock, NAFO div. 3Ps, (D); Gult of St. Law-

rence stock (E) (Fig. 1). Some of these major stocks (e.g,
Labrador — Northeast Newfoundland and Gulf of $t.
Lawrence) may be composed of i number of substocks
(Winters 1974a, Sharp et al. 1978). These staocks have been
identified through the knowledge of seasonal distribution
patterns and growth differences (Campbell and Winters
1973, Winters 19745), meristic (Sharp et al. 1978, Carscad-
den and Misra 1980) and morphometric (Sharp ef al. 1978)
characters. and the fishing patterns of the commeraial

“capelin fleet. Like mostspecies of fish, there is some degree
"ol stock overlap during some part of the hfe cycle. Because
most of the commerdial fishery occurred on only three of

M
Figure | -

Map showing magor stocks and rigration routes of mature capelin,
Alpta-numeric designations tegg. 20, 2] 3K, eteyare NAFO divisions.

A Labrador - Northiwest Newfoundland (NAFO div. 2]3K) stk

B. Northern Grand Banks = Avalon (NAFO div. 31 stoek. C. South
Grand Banks (Southieast Shoal - div. 3N stock, B St Pierye - Green
Bank (NAFO div 306 stk E. Gulf of St Lanerenee stock. (Modified

from Camphedl and Winters 1473)
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the stocks (div. 2]3K, div. 3L, and div. 3NO stocks), subse-

quent discussion will be restricted to capelin occurring in
these areas.
The Notre Dame Bay area is known to be an

~ overwinterinz area for part of the Labrador — Northeast

Newfoundland stock. It seems probable that capelity also
overwinter in parts of NAFO subarea 2! capelin have been
taken in research catches late in the year in this area and
there is no known northward migration in the spring from
div. 3K to the inshore spawning grounds in subarea 2,
During June and July, mature capelin move inshore to
spawn on beaches in northeastern Newtoundland and
Labrador. After spawning, most fish die. The few spawning
survivors move offshore in late summer and join immature
fish to form feeding schools. Feeding is heavy from August
to November and large schools are tound in oftshore waters
from Labrador to northeast New{oundland.

The northern Grand Bank — Avalon and Southeast
Shoal stocks appear to mix and overwinter on the northern
part of the Grand Banks (Campbell and Winters 1973,
Carscadden and Misra 1980). During late winter and earby
spring the fish become active, form teeding schools, and
begin a migration to the spawning grounds, The northern
Grand Banks - Avalon stock moves inshore to spawn on
Newfoundland beaches while the Southeast Shoal stock
moves south over the Grand Banks to spawn on sandy
substrate on the Southeast Shoal. Spawning in both arcas
occurs during June and July and post-spawning mortality
is high at this time, Spawning survivors are believed to
move to the northern Grand Banks area for feeding and
overwintering.

There ave differences in the timing of spawning i

different areas. Spawning on the west and south coasts ot

Newtoundland usually begins in late May, Spawning time
usually becomes later further to the north such that spawn-
ing in Labrador may not occur until August in some years
(Templeman 1948). Spawning on the Southeast Shoal, the
only known oftshore spawning area for capelin, occurs in
June and July.

The general environmental conditions necessary toy
spawning have been characterized. Capelin spawning in-
shore in Newfoundland and Labrador prefer water temper-
atures of 5.5-8.5°C and pebbles ranging in size from 0.5 to
2.5 cm in diameter (Fempleman 1948). Spawning normally
aceurs at night or on dull cloudy days, ilthough there are
exceptions, On the Southeast Shoal, spawning occurs ina
water depth of approximately 50 m where bottomn tempera-
tures are 2—4°C (Pitt 1958q),

" Inshore spawning normally occurs tor 4-6 weeks:
most spawning occurs on the beaches, but if witer tempera-
tures on the beach become too high the fish will spawn in
deeper water adjacent to the beaches, Deepwater spawning
appears to be more common on the west coast of New-

foundland, apparently because the water temperatures near
the beaches are too high by the time the capelin are ready to

spawn (Templeman 1948), T'he extent of deepwater (non-
beach) spawning is probably very variable from ycar to vear
and other factors besides water temperature on the beach
may exert an influence.

Capelin mature at 3 or 4 years of age with faster
growing fish maturing earlier (Winters l‘E)%tlbL In the

International Commission for Northwest Atlantic Fisheries).

eyl ki ———

'Northwest Atlantic Fisheries Organization (formetly ICNAF, the
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spawning populations, 3- and 4-year-olds usually predomi-
nate (Fig. 2), although other ages, indluding two, five, six, |
and seven do oceur in varying proportions, Spawning
mortality is high, usually greater than 80% (Carscadden
and Miller 1980a).

There is no doubt that ca\mlin are Important as i
forage fish in the Newfoundland area. Theve have been
many feeding studies conducted on predators that indicite
that at some time of the year, capelin are an important
component of their diet. Perhaps the most extensively
stucied capelin predator is cod (Gadus morhua) and there are
1 number of studies (see Akenhead ef of. 1982, Lilly 1981,
Lilly et af. 1981 for reviews) that substantiate the obsersation
that cod consume capelin. 1t is possible to describe the broadd
seasonal patterns of cod ln'edntinn on capelhin in div. 2]3K1.
and div. 3NO and the following description is taken directly
from Lilly et af. (1981).

Predation is apparently most intense on the north
slope of the Grand Bank in winter and spring, in the
Avalon Channel and on the northwestern Grand
Bank in spring. on the northern Grand Bank and

inshore all along the coast in late spring and summer.,

and along the coastal shelfs of 2[3K and on the
Hamilton Inlet Bank in late summer and autumn.
The predation pattern is highly seasonal in the
region of Hamilton Inlet Bank, but much less soon
the northern Griand Bank. Predation by cod on
capelin in 3NO appears to be largelv conbined to
spring and sumimet.

In spite of numerous feeding studies Lilly ef af. (198 1) poins
out that “there IS NO estinate, based on ;uiequult' SCANONIL
and spatial sampling, of the contribution of capelin to the

total food consumption of a single cod stock ina given vear.

However, several studies have estimated that for the New.
foundland area in general, capelin comprise about 30% ot
the cod's diet (Akenhead et af. 1982). -
Although cod is the capelin predator that often
evokes the tost concern. other marine species feed heaviiy
on capelin as well. Capelin accounts for 45— 100 of the
food of adult salmon (Safmo salar). depending on size. in
Newloundland coastal waters (Lear 1972). Greenland
halibut (Ri’i!!ft(ﬂ‘ dtites r‘!fffpugfm,\'uidﬂ) in the |vngt h range ot
90~80 cim feed heavily on capelin (Lear 1969 and Amer-
ican plaice (Hippoglossoides platessoides) (20—1) ¢in) i chiv. 3L
depend on capelin for 14-38% of their food (Pitt 14,
Haddock (Melanogrammus aeglefinus), vellowtail lounder
(Limanda ferruginea). winter flounder (Psecdopleuronectes
americanus), skates, sea ravens, and a variety of n{hvr de-
mersal species consune large quantities ob capelin eggs and
capelin during the spawning seison (Pitt 19585, Temple-
tman 1968). |
Marine mammals also feed heavily on cipelin. Cape-
lin are an important food for whales, including fin whales
(Balaenoptera physalus) (Mitchell 1975), minke whales (5.
actlorostrata), sei whales (8. borealis) (Sergeant ltlli:’o__}. :.uu!
humpback whales (Megaptera novaeangliae) (Liety 1980}, m
the Newfoundland area. Sergeant (1973) has estimated thi
at least 25% of the diet of harp seals (Pagophilus groenlandi-
cus) is capelin and other less ul)undunl species of seals such

as hooded (Cystophora cristata), grey (Halichoerus grypus), and

L

harbour (Phoca vitulina) seals, also consume significant guin-

tities of capelin.

Seabirds are also capelin predators; murres (Una
spp.) (Tuck 1961), Atlantic Puttins (Fratercula arcticey
(Nettleship 1972), Greater Shearwaters (Puffinus graves).
(Brown et al. 1981), Northern Gannets (Mors bassanus)
(Montevecchi and Porter 1980), Black-legged Kittiwakes
(Rissa triductia) (Maunder 197 1, Winters and Garscadden
§978), and the Larus gulls (Pieroud 1979 all feed on capelin
(see Brown and Nettleship, this volume, for details).

4. The fishery and its management

[tis onlv in the last decade that people have become:
sighiticant predators of capelin although capelin have been
taken during the spawning season for decdes, Irbasbeen
estimated that prior to the 19308 20000250001 of capelin
were taken annually in Newfoundland for bait and fertheer
and o a fesser extent for food tor dog teams (] emplenn
1668, Barnes 1071, However, with the declhine in the use of
dog teatns and in gardens and fess demand lor capedin as
bait, inshore landings dedined considerabls. During the
10705, interest in capelin as a cotmmeraal species increased
with effort being concentrated in the oftshore arean the
early and mid 19705 and i1 the inshore area n the fare
197 Os. | R B
| In 1972, the Hirstsubstantial offshore catehes of
about 70000 t of capelin were reported. These catches
increased rapidiy, peaking in 1976 at about 57001 M
declining since then, L he catcheswere takervat ditterent

M
Figure 2 -
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times of the year in ditlerent areas anc! details of thf:.t:alches
by areas (div. 3L, div. 3N0, and div. 2]3K) are given In.

Fi v 3,4, and 5. . | | |
Plgurea_._l_\}}w annual ottshore CH[)EI?II ﬁ'shery nurmaily_beg'and
in March or April on fish, most of which were nmplyrna}g[:i!;
feedling, on the northern Grand Banks (div. 3L). 1 hua, ‘ II: 1
from two stocks, the northern (jrand_Bank-—-Avrillo!} stock
.l the Southeast Shoal stock, were fished at this ime. Most
of the vessels in this fishery were USSR midwater trawlers.
T'he fishing fleet tollowed the capelin as they m.mfed o tjlelf
spawning grounds; however, once _the‘mshm'e apauilﬁn;,
component entered Canadian tt.'frrll()rlal wulc‘rs, the | fétﬂl
followed the Southeast Shoal (div. 3NO) capehr! to their |
5[};-1“'ning grﬁundﬁ where lhf: fishery on spmw}lng C;l[)t!lln
contintred into July. Most of the vessels operating on the
Southeast Shoal were USSR mid-water trawlers and Norwe-
4F S¢SCIers, | |
= !n};‘ﬁe fishery in div. 31 developed very rapidly with
the peak catch reported in 1974, ﬁ}lluwm! by a gradual

decline trom 197580 (Fig. 3). In 1975, (,mmdfun ports

were closed o the USSR fishing fleet because (,i}llildlal1
authorities accused the Soviets of taking alpprm?mmte!'y.
double their quotain div. 3L 1Hrue, the catch in 1975 mr |

Figure 3 should he approximately 60000 t. In addition, the

“inshore” catch in 1974 is shown at uppruxunut&;l?f {:ll)UU t,

. higher than the preceding and following vears. I'his may be
an anomaly caused by the grouping of the data; in the
present grouping, Canadian catches were assumed to have
been taken inshore. However in 1974, some {fa_tu:hcs were

reported from large ( 500-999 GR'T) purse seiners char- .

tered by Canadian companies. ‘Thus, the catches may have

been taken offshore and the inshore catch estimates for
1074 mav be overestimated and the oftshore catch estimates
underestinated. In general, the trend of catches [u‘r div. 3L
since 1974 has been .t decrease in the offshore portion and
i1 increase in the inshore portion. Some unknown traction
of the div. 31, of fshore catch may have been fish from the
Southeast Shoal stock. -
The catches (Fig. 4) of the Southeast Shoal stock

(div. 3N0) rose rapidly from about 21 000t 1972 to a level

of abon 100000 =132 600 t tor 4 years hﬂl\tﬁﬁll 1{;113 ant:.l
1976 and dropped quickly to 47 000 tin 1977 and 3000 tin

1978, The tishery was closed in 1979 and has re?numed |

closed since then, Tt was the conclusion of scientists that “the

ntense comemercial fishery on the spawning grounds in div.

. . . .
Figure 3 | o i
NE:;IEH;H catehes tmetric tons) of capelin in NAFO div. 31, 197080
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3N may have substantially reduced the spawning stock size
in recent years, and the possibility of recruitment over-
fishing should be taken into account” (Anon. 1979).
~Each year when the F}shewlpn the Squthttaﬂst :tlt]:r?l

d with the cessation of capelin spawning, the .
::3:‘: E:ﬁ’ the fleet shifted to div. 2] and div. 3K in late August
or early September. This fishery, which caught feedin
capelin most of which would mature and spawn the follow-
ing year, was prosecuted mainly by USSR midwater trawlers
and continued until November or Deceraber,

The first large catch in the div. 2]3K capelin hfhery
was reported in 1972 at 46 000 t. Catches peaked in 1976 at

about 216 000 t and declined after than to about 5000 t in

M‘*ﬁ
Figure 4 | o
Ng::lillill catches of capelin (tnetric tons) in NAFO div, N, 1970~-80
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Figure 5

Nominal catches (metric tons) of capelinin NAFO div. 2J3K, 197080
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1980. During 1970-80, inshore catches remained at a low
level below 2500 ¢ (Fig. 5). |
‘The management of capelin came under jurisdiction
of ICNAF, and later NAFO, until Canada extended its
fisheries jurisdiction to 200 miles (1 Jan. 1977). At this time,
the div. 2]3K stock came solely under Canadian manage-
ment because it occurred completely within Canadian juris-
diction although Canada has continued to request that
biological advice be provided through NAFQ. The div. 31.
and div. 3NO stocks overlap the Canadian zone and hiolog-
ical advice and management recommendations have contin-
ued under the auspices of NAFQ, The biological advice
vrovided for the management of capelin has, with few
exceptions, beeen adopted by the fisheries managers in
NAFO and in Canada and as a resutlt, the biological advice
and some of the rationale for that advice is provided below.
The biological advice, provided through ICNAF and
later NAFQ, was initially requested because of the increas-
ing commercial offshore fishery during the early 1970s.
‘The first advice concerning the total allowable catch (TAC)
of capelin pertained to 1974 when it was recommended
by the Standing Committee on Research and Statistics
(STACRES) of ICNAF that the catch should not exceed
950000 t. The following year (1975) it was recommended
that the TAC could be increased to 500000 t and main-
tained for 3 years. Furthermore, it was noted that the
fisher. should be restricted to mature capelin approaching
and during the spawning season, and countries participat-
ing in the fishery should conduct surveys of both the adult
and juvenile stock to monitor the eftect of the tishery. Also
in 1075, 4 crude estimate of relative stock size resulted in a
recommendation that 300 000 t could be allocated to the
northern area (div. 2]3K) and 200000 t to the southern area
(div. SLNOPs). A turther subdivision of the southern TAC.
based on various biologicat factors, wis also recommended
at that time:

Consideration was given to the question of turther
subdivision of the TAC on the basis of existing
knowledge of stock differentiation. It was concluded
that furthet subdivision of the northern TAC was
not practical at the moment due to insuthicient
knowledge of stock separation in this area. In the
south, however, there is evidence to suggest that the
fishery in Div. 3L may operate on several separite
spawning components which spawn later inshore in
Div. 3L, on the Southeast Shoal, and possibly in
Subdiv. 3Ps. In 1974, Div. 3L supported a large
fishery, while the catch in Subdiv. 3Ps was small. To
reclude rapid development of a fishery on pOssi-
gly small stock in Subdiv. 3Ps, STACRES advises that
an amount of 10000 tons from the southeru TAC be
reserved as a maximum permissible catch from Sub-
div. 3Py, with the proviso that any part of this amoun

could be taken in Div. 3NO if not taken in the former

area. For the southern area as a whole, it was
concluded that it would be desirable for the fishery
to be concentrated as much as possible on the con-
centrations of mature capelin in Div. 3NO to
minimize potential adverse effects on capelit ainl
other species. If this were practical, it would avoid the
possibiﬁte;nf overfishing any one of the spawning
components present in Div. 3L earlier in the season.

and, for the inshore spawning stock, it would avoid

the possihility of adversely affecting inshore migra-
tion and feeding success of the Div. 3L cod, If the
principle of directing the southern-fishery toward
the spawning concentrations is accepted by the Com-
mission, this objective could be achieved by further
subdivision of the southern TAC. For example, it
~could be achieved by setting an upper limit for the
Div. 3L, fishery of 50000 tons, with the proviso that
any part of this amount not taken in Div. 3L could be
taken in Div. 3NO. | o |
~To summarize, the management regimg in
the southern area would then consist of an overall
maximum TAC of 200000 tons, no more than
10 000 tons of which could be taken m Subdiyv, 3Ps
anied no more than 50000 ons of which could be
taken in Div. 31, I these maxima were not achicved
in Subdiv. 3Psand Div. 31, the uncaught amounts
could be added to the caches in Div. 3ND (Anon.
1075) | | : o

‘The biological advice remaitied essentiadiv un-
changed until 1979 when evidence of POOT 1ecruitinent i
the capelin population resulted in o recommendaton of -
reductions in the TACs. STACRES advised that the 1979
TAC in div. 3LNO should be 16000 t and to protect the
SpAwWnIng stock in div. 3N and diring s nugration through
div. 3NO, there should be no commetciat fishery for capehin
in div. 3NO. This meant thit 16000 ¢ could be taken onlv
div. 3L. 1t was agreed by the N AFO conunissioners that

there would be no viishore fishery tor capeling in div. 3tand”

Canada claimed ondy 10000 £ 1o be taken mshore. There
fore the TAC for capelin i din . 31 e 1979 was essentutily
1000 1. In the northern stock, it was recornmended tha

the 1979 TAC be reduced Trom 00000 10 75000 ¢ The

recruitinent prognosis retained pooran 380 and the

hiological advice remained unchanged for the stoe ks i div,

SN0 that is, o TAC of 160001 with no fishing in chiv NG,
111 the north. the advice was to close the tishery or allow o
sl nominal TAC. It was noted thata small fishery o

10 000-15 000 tin the north- woukd allow wenn«dsio beties
qssess the status of the stock in P80 and 1o quuannty the
advice tor the next vear, An t-x]wrirnrnl._tl fehers with

1 AC of 5000 ¢ wasconducted in fall TS to pros e ol
for assessment purposes. [ TO8] there was some evidence
of tnprovement in the southern area and based on the
exploitation rate that had been rec mended i JURY

and 19810 TAC of 3080010 be takenrm dine. 3o was
recommended while the div. 3N0 fishers should remasin
closed. In the northetn area. there was conthivtng esidence

10 the scientificdata and as a result, the advice remmaned

unchanged trom the 1980 advice: that is, that the fishery
rermain cJosed or a small nominal tishiery of 1O ]H 00
be allowed. An experimentat tisherv witha 1AL of {0000
operated in div. 2J3K duaing tall TUR1. |
In general terms, because of the uncertamies -
volved in the scientific data, the known poor récrmtment 10
the capelin stocks in recent years, and the importance of
capelin as a food for other manne SPECICS, i LONSETValive
exploitation rate of 104 hits been recommended saince
{979. By comparison, the anmeal catch (ranging between
1 149000 and 2 940 000 1) from the Barents Sea capelin

~ stock exceeded 20% of the estimatted stock size between

1974 and 1980 (Anon. 1Y82),

174



L B, = 10 o KA

The assessment techniques that formed the basis for
~ the biological advice detailed above have undergone con-
ciderable evolution, expansion, and improvements since the
mid 1970s. but in general, the international capelin fishery
developed taster than the scientific base. There had been
some studies on the biology of capehin (¢.g. Templeman
- 1948: Pitt 1958a, 1958b; Winters 1966, 1970q, 19705) but
detailed information on population dynamics of capelin,
especialty biomass estitnates, was not available during the
early 1970s. Since 1974, there have been three general
methocls of assessing the capelinstocks; a surplus produc-
tion model. acoustic estimation, and analytical models.
‘The use of the three assessment methods has shown
. trend over time. During the carly phase of the fishery,
coustic estimates and the surplus-production model were
the only sources of information, Both types of cstimates
were recognized as being crude but they were accepted as
ndications of the magnitude of the capelin resource, The
surplus-production model was used only in the carly years
of capelin assessients whereas the acoustic method has
bheen used since 1974, Eventually the acoustic estimates were
used only as indications of relative abundance. Asthe
fishery continued through the 1970s, there were enough
data accumulated to develop the sequential-capelin-
bundance models. In the most recent years, these models
have been used as the most relizble indications of stock
status and as a starting point for projections. Ironically,
these models have depended on the fishery as a data source
and the results from the models have been largely respon-
~sible for the advice to reduce the totat allowable catch,
~‘The surplus-production model was first developed in
1973 (Campbell and Winters 1973) and expanded in 1975
(Winters 1975, Later revised by Winters and Carscadden
1078). Although it is extremely crude, the model was used
to provide biological advice and was intended to provide a
first estimate of potential fong-term annual yield of capelit.
It was recognized that many species of marine fish, mam-
mals. and seabirds fed extensively on capelin, Since it was
known that the stocks of many of these predators had
declined during the 1950s and 1960s, 1t was assumed that
there would be capelin available to a commercial fishery in
the 1970s that previously would have been necessary to
sustain the predator stocks. ‘Three predators, cod, whales,
“and seals, were chosen for this analysis because there were
estimates of both abundance and of capelin consumption
(albeit crude in some cases) available for these animals. It
was estimated that annual capelin consumption by cod
between the mid 1950s and mid 1960s, when adjusted for
density-dependent changes in cod growth. declined lrom
3 07 million metric tons to 3.0 million metric tons, releasing
0.97 million metric tons of capelin. Estimates of teeding by
harp seals suggested that consumption of capelin had
declined from 432 000 to 300 000 t due to the attrition in the
seal population. Therefore the surplus production of cape-
lin released by the decline in the harp-seal population was

132 000 t. For fin whales, the annual consuniption of capelin

was estimated 1o have declined from 360 000 to 250 000 ¢
releasing 110000 t of surplus production of capelin. The

~ surplus production of capelin reicased by the decline in the
population of minke whales was estimated to be 15000 ¢t.
The total excess production of capelin released by the
dedline in the abundance of its major predators (cod, seals,
and whales) and available for utilization by people was
estimated to be about 1,25 million metric tons.
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It was noted (Winters 1975, Winters and Carscadden
1978) that these calculations were extremely crude and
relied on a number of untested asswnptions, Furthermore,
this estimate was an average, and considerable variation in
stock size and potential catch could be expected due to the
large recruitment variations known to oceur in capelin
(Gjosaeter 1972). The authors (Winters 1975, Winters and
Carscadden 1978) suggested that the TAC should not
exceed the lower limit of fluctuation in spawning stock size,
i1 this case, the ‘TAC should not exceed 20% of the 1.25
million metric tons of surplus capelin or 250000 t. 1 i later
study of cod feeding, Minet and Perodou (1978) estimated
that cod in div. 2]3KL3PndRS consumed 2,24 10 3.8 million

“metric tons of capelin annually in the years 196564, a

figure that was in reasonable agreement with that ot
Winters (1975) and Winters and Carscadden (1978).

Acoustic estimates have been produced primarily by
Soviet and Canadian scientists although one early estimate
(Dragesund and Monstad 1973) was produced trom an
exploratory survey by the Norwegians. All of the acoustic
estimates have been derived using vertical echo sounders
and integration of the voltage of the returned signal (echo
integration) — a technigue commonly used to estimate
.bundance of schooling fishes such as capelin in the Barents
Sea (Dommasnes 1977) and blue whiting (Anon, 1981} in
European waters. In the northwest Atlantic, the Soviets
have the longest time series of acoustic estimates of capelin,
beginning in 1974 in the northern area (cdiv, 2]3K) and
1975 in the southern avea (div, 31L.NO). The Canadian
estimates are move recent, with the first estimate in the
northers avea coming from a 1977 survey and in the
southern area from a 1979 survey.

Biomass estimates derived from the Soviet and Cana-
dian acoustic surveys ave shown in ‘Tables 1 and 2 respec-
tively. It is not possible to discuss the details of each survey
here but it should be noted that there are factors, both
physical and biological, that atfect the results of these

|
Table 1

Biomass estimates of capelin (metric tons) frot Soviet surveys in div. 2J3K
and div. 3LNO, 1974-80 (from Bakanev 198 1)

O e e e
Year/stock 2]3K JLNO
1974 I 334 OO -—
19%5 981 800 | (50 000
1976 748900 680000
1977 505 700 1 000 B00*
tY78 54 000 230} OO0
1979 14 500 483 000
198 20 200 +1

*Up to 1977, mainly surveyed mature stock in div. ANO: after 1977, mainly
surveyved in div, L where mixtures of mature and immature capelin and
sandlance occur.

+Few mature capelin, immature capelin mixed with sandlance — no
biomass estimate possible.

-M

Table 2

standardized acoustic biomass estinates (metyic tons) tor capelin from
Canadian acoustic surveys (from Miller and Carscadden 198 )

Year/stock 2]3K 3L NGO 31L.NO
1977 41 500 — — —
7R | 4 OO0 —_— — -
979 10400 - 37400 4 600 49 0600
L{R() —_ 16700 gy - 26600
—. (2 GOO)* (1 300y (3 OO0

*Adult pottion in 1980, Most adults in div, 3k have already migrated to
spawning grounds at time of the survey.
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~ surveys and such factors are usuittly discussed in each survey
report (all in ICNAF/NAFO research document series).

capelin: the target-strength values are cntical for biomass
estimation, and ervors in target strength Gin create sevious

. Hence, 'lh"-' original reports -"-"h*.'"llfl‘ be tr:':nsultuf! for the errors in the final biomass estimate. 'There was no informi-
* uulhnl‘s‘ Iilife?sme{nl!; u‘I ﬂlle l:*falilflt?tiilj}f [']‘ l he estimate and tion available on swimming angle ot capelin in the [irlgi_ and
& how suc df,t{}rq atfected the tinal estimate. !ll .‘ipil.t.’ll! ll!l.‘i 1 1S knqwn that target strength can chinge vadically with
Yy note of caution, it 18 (J'IJ\'I()HH that the results from the Sovie swimming angle of the fish (Nakken and Olsen 1977).
i€ surveys (Table 1) indicate a decline in capelin stocks, Second, there was areluctance on e part of other scientists .
5 especially in the notthern stocks. Although the Canadian to accept estimates derived from acoustics, a relativelv new
T time-series (Table 2) is shorter, the results trom these technology to most, as valid indications of stock status. ‘Thus,
. surveys also show a decline in capelin stocks in recent vears, the conservative approach of using the acoustic estmates as:
y T'he results of the Soviet and Canadian surveys are relative was adopted. | . | R
+ not divectly comparable, The results ave often conducted at Like all survey technigues, hydroacoustics bas buth
l 4 different titnes of the vear and usually cover somewlat advantages and disadvantages, and these are summiarized in
-t different areas. The equiptnent used by the two countries ‘Table 3 in comparison to other technigues. Because of the
£ and calibration techniques ditfer markedly, For instunce, biology of capelin, hydroacoustic survevs, angmented by
T the Canadian method involves a calibration of the acoustic mid-water and bottom trawling to provide infortation on
5 system using u calib ated hvdrophone. [nsome of the Soviet biotogy and species composition cappears 1o be the most
supveys (e.g. Ermolchev efal. 1979, 1980) the echo integri etfective way to provide indices of abunsfonce from surveys
3 tion of capelin was calibrated by echo counting while in for capelin. | | |
- others (e.g. Bakaney of al, 1976, Klochkovy ef al. 19771 the Most of the anatvtical anadvses emploved hive been
- calibration consisted of comparison of the echo signal 1o developed and used since 1078 andd except for two (Gulimoy
~ density estimates calcutated trom photographs of capelim and Kovaley 1057, Seliverstovand Serebroy 1979 all hine
obtained by lowering a camera into capelin schools, These imvolved sequential populaton anabvsis. The high natural
B differences may have contribueted to ditterences in the mortality in capelin, especially the mottahits mcarred during
estimates: however, it ts ot clear why the Canadian es- spawning (Winters and Camypbelt 19743 prevented the use
timates are so much lower thin the USSR estinates, of standard sequential population analvees such as virtudl
2 Although not comparable between countries, the bioimass population (Gulland 191631 or cohort anahsis (Pope 1970,
estimates have generally been accepted as internally As a result, new sequential -capelin-abundance modeds
comparable. (SCAM were developed to use pertinent biological and
it should be emphasized that although the Canadian fisheries information and provide & hstorical prispedise of
acoustic estimates are given in metric tons, they are used the dynamics of capelin in the Newfoundland crea tGars.
only as relative estitmrates, not as absolute viues and as such. cadden et al. 1978, Carscadden and Miller 1979, Miller and
a- | theyare regarded only as trend indicators. Furthermore, in Carstadden 1979, Capscadden and Miller 10800, Carstad-
: recent yeats, the Soviet acoustic estimates hitve been used den and Miller 1URT( Iurmu_hlpn ot r:if- 1981, | o
. mainly to indicate trends in abundance rather than as Thest models are sitnilar o virtual population anal-
absolute estimates of abundance. vsis and cohort analvsis botly in their design and inedhanies,
The decision to use the Canadian acoustic estimates They attempt to cleulivte for am veshp-Class Hs jge-speain
as relative estitates arose for two reasons, First, there were sive and fishing mortality rate based on such input paramet-
- relatively few measurements of target strength available tor oers as Catch-at-nge and natural mortalin rate, l_.likr cohorl
K| . _ | . S N
. - 'Table 3 | L | -
1 © Advantages and disadvantages of vartous survey methods used i tishenes
- ~reseanch (from Ulltang 1977) L L e e e i e e b i _
o ; Discrimination . Result obtained Time: . Time o
N - between Potential wpatial Operation .d““',
MR Method AEH plicability species  Variance  bias _coverage Crattand equipment  cdst  processilg o
H:; " ["i!ihllllﬂ Demersal and T F.xcellent banye Sl i \ oveel ‘.mni fisdvingg o Fhyli ;’s‘hﬂ; u.r
T SsUIvey lo some extent tas dohi
o ¥ polagic fish |
Iy £ Acoustic Pelagic angd Poor Sl Moo Cornl Vessebanit acousn Lo Muen
d Eosurvey {0 sOMCe extent fews lar e N e |
demersal tists - -
Siﬂh!i“g P 'lilgil‘ ﬁ!ll Pooy I.iil‘j..{l‘ | Al T Mol “? Aessd \ :ipt talde ‘\lhf it
Hlll'\r’l‘}' | |
Eggs and Demersal and Fxcellemt L pe g bannted Vessel st collecto Fhch | :‘i'""-'r -
e farval pelagic tish o o
sUEvey B
'l”tlgging Demersal and F.xcellem Highls Illghh h_‘*fl'* A “"h_l”‘-:.?-l‘ A \-*“‘*'l-'l'l* | -““f" t
s Jagie Fish vartabled vatabie, tor releasmg. tisheny It b *_'"g_
Perig ofich and rwnh_l.tl EHID LRI
— Laree ot recoaay |
*Cost of acoustic instruments is rather high and notincuded in the ‘ |
operation cost.
. tExcept in cases where the eggs of larvae ot dil ferent species sl I
— reliably identitied. This is a bigger problem tor eggs. particularls i eath

development stages, than for larvae,
ts divectly related w munber ol recaptures.

176




analysis, some method of estimating {ishing mortality in the
most recent vear is necessary and in all cases to date,
" commercial catch rates have been used to calibrate the
models and so provide an estimate of terminal fishing
* mortality. The models differ from cohort and virtual pop-
ulation analysis in that some temporal partitioning occurs
and the different mortality rates (i.e. high spawning mortal-
ity rate at one time of the year and natural mortality rate at
other times) are applied to the population estimates at the
appropriate time of the year within the model. Because
"~ yecruitment to the mature portion of the population s
essentially equivalent to maturation rate and the fishery
sperates primarily on mature fish it was necessary to
incorporate annual age-specitic maturation rates into the
maodels as well. |
" These models are quite detailed and require a large
body of data from the fishery and sometimes from research
cruises. Catches from the commercial fishery are broken
down inte age-classes using length, weight, and age data.
collected from the fshery. Estimates of spawning mortality
(Carscadden and Miller 1980a) and mmaturation rate (Win-
wors el al. 1980 have been caleulated and are necessary for
the models. The models have to be calibrated in some way;
we have used catch-per-unit-effort data but other indices of
Abundance. sich as estimates from a hydroacoustic survey
could also be used. In the SCAM 2J3K, estimates of
selection by the fishery are necessary and these have been
derived from comparisons of age-composition of the capelin
raken by the coimmercial fishery and by research vessels.
| The models have undergone various modifications
in their development and use, For instance the SCAM tor
the div. 2]3K capeln stock (SCAM 2]3K) has changed httle
since its development in 1979 (Miller and Carscadden 1979,
Carscadden and Miller 19804, 1981). On the other hand,
SCAMSs for the southern area have changed dramatically
such that the earliest version (Carscadden ef al. 1978) and a
Nater version (Carscadden and Miller 1979) have not been
used recently. These earlier versions have been dropped
hecause of the cessation of commenrcial fisheries in the areas
of inteérest. In the mnost recent assessment of the capelin

stocks (February 1981) two versions ot the models — SCAM

213k (Carscadden and Miller 1981) and SCAM 3L. (Cars-
cadden et al. 1981) were used. The results of these models,
showing trends in biomass and historical catches, are given
in Figures 6 and 7. [tis obvious that the catches have been
low in relation to the biomass estitates resulting from these
models. | S
Unifortunately these models do have some draw-

backs. Sequentiai population models (cohort, virtual popula-
tion analysis) are useful because, due to the nature of the
mathematics, the further back in time the calculations are
carried, the less sensitive are the population estimates to the
input fishing mortality. In addition, these models are poten-
tially more useful with species that have a number of
age-classes in the population and natural mortality rates that
are equal to or lower than the fishing mortality rates. Since
capelin have relatively few age-classes, high natural mortal-
ity rates, and a relatively short history of fishing on a large
scale, the sequential-capelin-abundance models converge
less quickly than models using multi-age species with a
~ longer fishery. The models have also been found to be very

sensitive to the input parameters of age-specific maturity
and age-specific spawning montality. Like all sequential’
population models they are fishery-oriented, that s, much
of the basic data is derived from the fishery itself. In a
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Figure 8

Exploitable capelin biomass {metric tons), estimated using sequential-
capelin-abundance models, and ratches in div. 2J3K, 197280
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Total (ages 3. 4 and 5) cupelin-biumuss (metric tons) ] Jan. each vear,
estimated using sequential-capelin-abundance models and catches in
NAFO div. 3L, 1972-78
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dynamiclﬁshcry. \:ﬁ'h?Ch .the capelin fishery has been, this has
resulted in some limitations in their use, especially in recent

years. The fact that the capelin fishery in its early years was

foreign fishery operating in international waters caused
some difficulties in data collection as well and, in some cases,
we have been forced to use data with little or no knowledge
of the scientific basis of its collection.

In spite of these disadvantages, the models do have
several advantages, They make use of a vast body of
fisheries-related data that might otherwise not be used.
They have provided a histotical perspective of capelin
population dynamics —— in some cases, in years when no
other estimates were available.

5  Population dynamics and the impact on predators

The sequential-capelin-abundance models have pro-
vided the most valuable insights into the population dynam-
ics of capelin. For instance, year-class strength th div. 2] 3K,
measured as 2-year-olds, has varied such that the strongest
year-class (1973) was over 30 umes the strength of the

weakest year-class (1975 and 1976): vet because ofa number

of age-classes (five in the div. 2]3K analysis), the largest
calculated biomass (1975) was only seven times the smaliest
biomass (1980) (Table 4). The trends in biotnass in two
stocks, the div. 2]3K stock and the div. 3L stock, indicate
that because of the presence of the strong 1973 vear-class m
the total capelin population the biomass peaked in the mid
1070s. However, five consecutive vear-cliasses (14974-78)
have been relatively weitk resulting in low capeliny biomasses.

The pattern of large variations in abundance ot
year-classes is typical of pelagic fish species. For instance,
MacCall (this volume) reported that anchovy abundance ott
southern California varied over 30-fold in 30 vears and thit
the Peruvian anchoveta and the sardines in Peru and
California were also variable in abundance. Herring also
exhibit variable year-class strengths. [n the southern Guit of
St. Lawrence herring stock, two exceptionally strong sear-
classes (1958 and 1959) appeared after a fungus (chthyospor-
idium hoferi) had caused large mortalities (Winters 1976),
Other relatively good year-classes in this stock in recent
years were the 1967, 1968, and 1974 vear-clusses while all
other year-classes have been lower in abundince. In the
recent series of year-classes (1967-78), the weikest and
strongest vary by a factor of seven (Cleary 1981).

In many pelagic stocks, the natural fluctuations in
abundance are often complicated by the presence of fishing
mortality and in some cases (e.g. Norwegian spring- |
spawning herring [Dragesund ¢t al. 1980)) lishing mortality
may be atfecting recruitment. Based on the analyses using

the sequential-capelin-abundance models, fishing has not
beeén the cause of the decline for the div, 2)3K (Carscadden
and Miller 1981) and div. 3L (Carscadden ¢ af. 1981) stocks. |
Fishing mortality. rates calculated from these analyses have
generally been below 0.1, As has already been noted. it was
the opinion of ICNAF scientists that the stock spawning on
the Southeast Shoal may well have been fished too heavily.
It would appear that the capelin biomass tluctuiations
detected in recent vears have been due to nataral vartation.
in vear-class strength although the causes of this variation
are not understood. Frank and Leggett (Y98 La, 19810 have
been studving factors affecting egg and larval mortality on i
capelin spawning beach in Newtoundland since 1978, 1 he
time between egg deposition on the beach and hatching in
the gravel was influenced by average incubation leniper-
ature: this incubition temperatupe varied between vears
and between cohorts in a single vear and between jow, nid.
and high-tide locations on the beach: Water temperature,
maximum and minimuom air temperatures. and hours of
sunlight all determined the average incubation tempera-
tures. The interacting eftects of egy density, water tempera-
tures, maxinum and mizimm air temperature., hours of
sunfight. raintall; and tdal wmplitude explained over 70%
of the temporal and spatia varianee in egg mortality. The
climatic and hvdrographic vanables that inHuence vgy |
maortality vary only slightly over most of the major spawming.
sites iri castern Newtoundland and southern Labrador |
areus, and the authors suggest that svachronous changes
these vartables may contribute to the vear-to-veas tuctua-
tions i capelin vear-cluss strenggth (k rank and Legget
U8 16). A
© Frank and Leggett (198 Ly have also reported that
the emergence of larvad capelin trom beacks gravel wis
correlated with onshore wind-induced wave action. There
was it positive correlittion between densits of tarvae m the
beich gravel and length of tme separating the occurrence
of onshore winds. As residence time in the gravel creased.
the physical condition of the Tarvae detenorated. The
authors suggest that vear-to-vean difference 11wk -
terns coudd contribute v the faege annual variaton m
vear-class strength in capelin. Howes e, 11 s obvieus thet
wind events were not the ondy factors aftecting survival ot
capelint beciise two strong year-classes (the U6 anel 1973
veur-clisses) have been sttong in allareas of the northsest
Atlantic, including the spawning areas i deeper water on
the west coast of Newtoundland (1973 vear-class only
hecituse of lack of data for 19605 and the Southeast Shoal,
where the eftects of winds on the spas ning subsirate wonld
he expected to be minimid (Frank and Leggen 1981,
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It is possible that predation has some influence on
vear-class variation in capelin and Dawe ef al. (198 i)in-
vestigated the effect of inshore predatinn by squid (/ {lex
* illecebrosus) on the abundance of capelin using correlation
“analvsis. There was a negative correlation between abun-
dance of squid and year-class strength (ages 0 and 1) of
div. 23K capelin. However, the authors noted that there
were a mimber of problems with their analysis, usually
~ related 1o the unavailability of proper data to cvaluate thetr

“hvpothesis. For instance, there are ho guantitative studies
on squid feeding and although squid appear to have the
potential to have a sigrihcant impact on prey species, the
biomass of the prey species cannot be calculated because it is
not known it squid prey on larvae, O-group, [-group, or
older Gish. The authors were forced to use estimates of
vear-class size at ages two, three, or four as indicators of
Abundance of age groups zero and one since neither
- estimnates of abundance of the younger age groups noy
estimates of natural mortality were available. "1 he analysis
tay have been confounded by temporal trends since the
titme-series Jor capelin was only 8 vears. Interestingly, in
1979 squid abundance was very high (Dawe ef al. 198 1) and
the 1979 vear-class of capelin appears (0 he very abundant
(see following section). Thus. this correlation may disappear
with the addition of the 1979 pomt.
Based on a feeding study of capelin in the Gulf ot
St fawrence. Vesin ef al. (FO81) advanced a different in-
terpretation for the observation that in some vears squid
abundance was high when capelin abundance was low.
Thev estimated that with the dechine of capelin i the
Newfoundland area in the late 1970s, substantial quantities
of zooplankton would be veleased to other predators. This
fed them to specukwe that this release of rooplankton may
he important in vegulating chianges in year-class of other
species, notably arctic cod (8 oreogadus saida) and squid (Hltex
illecetrosus), bxcept for the estimates of surpius mnpﬂunklml,
no quantitative analyses were presented to support the
hvpothesis. |
The dedine in capelin in recent years, has caused a
ereat deal of concern regarding the ettects this decline will
have on predator stocks. Because ot its importance to the
Newfoundland fishery and economy and the anecdotal
observations that cod [odow cipelin inshore (Akenhead et al
1982) the eftects of capelin fluctuations on populations of
cod have been questioned, Although there have been no
studies designed to accurately quantify the importance of
capelin o o wl, one study (Akenthead of al. 1982) did attempt
(o investigate the effects of fluctuations of capelin biomass
on cod growth and on the inshore cod fishery using data
already at hand. There was no statistically significant ettect
of capelin biomass on cod growth detected in this study.
However, after making corrections tor the biomass of cod,
the authors did detect significant relationships between
cod-trap catches and capelin biomass as well as between total
inshore-gear catches and hoth capelin biomass and water
temperature. Unfortunately, because of considerable un-
certainty in the data, including the lack ot proper data in
some cases. the authors concluded that “the present analysis
provides no useful evidence tor testing the importance ot
capelin to cod but does suggest areas of concentration of
future research.” Furthermore, the authors concluded with
the following statement:

A lack ol detailed data also hinders examination of
~ the importance of capelinto the inshore cod fishery.
~Alfthough cod and capelin tend to arrive in inshore
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waters at about the same time, suggesting that cod
may actively follow the capelin toward shore, there is
also anecdotal evidence that either species may arrive
inshore unaccompanied by the other, and that the
arrival of cod is also closely related to the warming of
inshore waters. Elucidation of these relationships
requires a site-specific study of the inshore migra-
tion. in which the abundance and movement of both
cod and capelin can be related to changes in

oceanography.

Recently, the failure of the 1977 smolt-class ot val-
mon prompted Carter (1979, 1980) to state that the decline
of capelin due to overtishing caused the failure of this
solt-class. 1t appeared that an unusually high mortality ot
this smolt-class had occurred during its first wititer at sed
(Reddin and Carscadden 1981). There were virtually no
feeding data a-ailable to indicate whether capelin were
important in the diet of salmon during their first sea-winter,
but the size of young capelin in relation to smolts suggested
that they would be suitable prey. Assuming that capelin
were eaten by salmon, Reddin and Carscacdden (1981)
showed, using cortelation analysis, that in some cases there
were statistically significant relationships between salmon
catches and abundance of young capelin. However, the
authors noted that these relationships might degencrate
with additional data since most of the relationships were
significant only because of the 1977 smolt-class. Indeed.
when the analyses were repeated (Carscadden and Reddin
1082) using data updated by one year, none of the rela-
tionships was statistically signiticant.

© The analyses of the cod—capelin and salmon—capelin
relationships failed to produce unequivocal proof of the
dependence of the predator on capelin. In both analyses,
the data available were not collected to test the postulated
relationships, thereby making the results suspect, or in some
instances, the proper data were 1ot available, For instance,
cod-trap catches were assumexd to be an indicator of inshore
cod abundance which further assumes that fishing etfort
has not changed over the time period in question. A better
dicator would have been catch per unit effort which
accounts for changes in effort from year to year; un-
fortunately, effort data were not available. In both studies, it
was assumned that the predators were dependent on capelin
and a change in the abundance of capelin would result in a
change in the dynamics of the predator. Howevet, the diet
of hoth cod (Akenhead et al. 1982) and adult salmon
(Reddin and Carscadden 1981} is spatiaily and temporally
variable and in the absence of capelin, both species could
probably feed on other prey il available. In this case, an
absence of capelin probably would not result in starvation ot
the predator nor an immediate drop i abundance. Instead,
2 reliance on other prey or less prey might result in slower
growth and/or reduced fecundity, it in fact there was a
detrimental effect at all. Such effects would be subtle and
long-term, making them more difficult to detect. During the
late 1970s when capelin abundance had declined, arctic cod
(Boreogadus saida) populations appeared to have increased in
northern Newfoundland and Labrador (unpubl. data) while
sandlance (Ammodytes dubius) (G. Winters, pers. comm.) and
squid (Illex illecebrosus) (Dawe et al. 1981) increased in the
Grand Banks area. All of these species would be potential
prey for capelin predators,



The decline of capelin in the late 1970s has also
been implicated in the increase of damage to tishing gear

% long-term trends in capelin population dynamics. Presently,
8 biologicat advice for management purposes is being pro-
4 vided either 1 year in advance of or early in the fishery vear.
‘4 The large annual variations in year-class strength and the

period very uncertain, Research vessel oruises conducted by
Canada (Miller and Carscadden 1981, unpubl. data) and the

> L resulting from whale collisions (Lien 1980). Although the USSR (Bakanev 1981) have detected large concentrations of
; relationship wis not ?stablilshed qt.atlﬂtlcillly. Lien (1980) voung capelin composed of the 1979 vear-class in the are
L’ suggested that a decline of the offshore capelin stock of the northern Grand Banks. 11 this vear-class proves to he
resulted m'mcrea‘sed migration of whales 10 the inshore large (and it appesirs that it is) then the sbundance of
' area, Sightings of humpback whales increased along the spawning capelin inshore in [982 s Sovear-oldsyand

. nul‘tl]east coast of Newtoundland from 1974 to 1979 and possibly 1983 (as d-vear-olds) will be Large. Such a phenomes

. sightings decreased along the south coast in 1978 and 1979 non would be interesting because this large sear-cliss would

- and Lien (1980) attributed this to the Fact that the northern have resulted from the 5|J;m‘ning of an adull biotass tht
capelin stock had not declined as much as the southern was estitmated to be one of the lowest in our time-series (see.

& capelin stocks. This postulated relationship may not be as Fig. 6 and 7). Of particulay interest in coming vears will b

s direct as Lien suggests since in 1979 the northern stock (div, the response of the Southeast Shoal popalation whetre
2]3K) dropped to about one-fifth of the 1976 biomass overfishing has been implicated in its decline in comparison
(Fig. 6), while the southern stock had {lrﬂl}]Jt‘{l 1 about Y hpil“'ni!'!g stocks where 'I'lﬁhing does not ht‘_t_'lii 1) lrave

- one-third in the same period (Fig. 7). The estimates tor the been deleterious. YWhether the 1979 vear-class provessabe

 youthern stock do notinclude capelin from div, 3NG and lill'gv or not. the resalts of the analvses to dates suggest that

- div. 3P, However, Lien (1980) suggested that other tactors anv changes in the capelin stocks will be Largels dependent

'  have contributed to an increase in collisions of whales with on the environment rather than on the presenice or absence:

fishing gew« . these were an increase in the whatle population, of a conser. ative and controfled fishery, o

L an increase in fishing effort, and an attitudinal change on [ he first stage in the tatagenent ot capelin isherys

" the part of fisherpeople resulting in increased reporting ot is the provision of hiological advice trom the yescarch |
cotlisions, biologists, At the present time - the capelin research revols e

Seabirds are known to feed on capelin and Brown Almost exclusively around estimation of biomass, bothain-

and NEtﬂEShip (this w.llume) have t’E]JI‘t‘SHt‘{i corern toy share-and ofishore, and HH(’I]]IHH tiy es{irate T -min:u;
- seabirds, especiall}r Atlantic Putfins, as a result of the recent vear-class strengths, Fhe changing patternof the comn-
. decline in the Cﬂpelitl lﬁlplllﬂliun. These anthors note that merctal tisher 's‘.huﬁ made the use of the SCAMs more and
pufﬁns will feed heavily on capelin during the puffin more ditficudt particadarls regarding the calttnation of the
breeding season when the llet‘ging success ts related to the terminagl tishiog mortality esimates, There s aheasy com-
"~ food supply. It would seem reasonable to expect that the mitment to offshore aconstic survevs usingg a newly de-
effects of fluctuations in tfillll’lill hiomass would be more %'t‘lu;lu*:i RY MITEH essur-based hvdroacouste digta- |
i -~ readily apparent in a predator such as putfin than a acquisition ssstem. Ourresearch vessels will have contrrnd
predator such as cod which apparently has a more varied HPTO00 computer ssstems and s our intenuon (o analvee
diet. In fact, seabitds do exhibit wide annual variations in much of the data collected on these acoustic crases otnboa
breeding performance and this, in combination with therr the vessel using speciallsontten echo-infegration progidine,
e . life-history characteristics such as long lite span. kite matu- Our experience i the bast S vearsan div. 31TNO suggests tha
> ity, and low reproductive rates, nitkes the identificittion ot 1 wul!lhv |H'H§i'ii'tj not onh to provide an abundance mdex ol

Y - factors r'espunsihle for L‘himgcs in the pnplllulinnﬁ of these iil]H‘lHl tninvIng Inﬁhln'v_m spawi ddiv. 3L dillﬂ _*l"'ii“"?”'l}-i I
- seabirds difficult (N{?ttlt‘ship 1977). (v, AN, |Hlli.l|ﬁll L e UL Al Ahundance uulvj;_lm- |
In general, although considerable concern has been _im'a-uilrﬁ_in iy f.:““ e annual fall hyvdroacoustic surs ey i

~expressed for the well-being of capelin predators when div. ‘::.‘:]‘."rlx pron fdes an uulr;x of abundance of maturng

* capelin abundatice is low, it is impossibie with the present capelin as h't’”I as mtormation on jventes. |

it * data base to predict what, it any, the eftects on predators Fhere s a need for addinonal reseand hot g get-

B - would be. This is partly explained by the lack of detailed. strength measurements of capeling espectisths the factors
< long-term quantitative feeding data (for the fish and marine such as depth, h_nqlﬂgll'ﬂ] condition, and soon, that allece
- mammatls, at least) which would perimit tmore (quantitive Lirget ﬁli't"ll}{lh:_-l hljuugh the use of u;ulvm- tfrr_p_lm:n. .
“ definition of the importance of capelin Lo its predators. b’,"‘“l"h’”‘t Capeiin [(*4”"‘""“!““,“ "“!‘l M'”‘{'_’ H,"““h*" '”l"""”‘_" -
3 Little is known of the biology and population dyramics ot tions on swimming angle ‘1"""“l“1"““1 of tish iy “l'"‘}-‘- cal-
IH}lﬂntiﬂl alternate sources of prey. Arctie cod and sandlance fectedd 5111(] rt'i't‘nlll;lll’s these ll:._ttu w:|l. _|w um:ﬂ to rt'hur
> for instance, and what the effects of increased [,}I‘t'{lillinn of Aeoustic estimates. | o | -

of 1% these animals would be in the event of low capehnabun. - Fherecentls deseloped ins hore fishers s being

d,  (lance, Furthermore, the natural factors aftecting the abun- mnnllurﬂl as closely as possible. ]*ln}:h.ﬁ!'i I8 hjl'ﬂl.li placed
i dance and behaviour of capelin predators are ot un- on collection o k p-book data and biologicad datat tromral
1 derstood, although there is probably « complex of environ- SeClors of the ll."iil‘.ll‘l"b‘. PEII'El,l'llllill'.{'ﬂl}ﬂhl'.hlh 15 Irn'mg: pl-.g ed on
“3 mental and biological factors operating rather than a single rinits Bav it importan *'*'I_‘-“-'l_!“ "f“_l ‘I'“‘l "”‘“-,,""“_‘f ‘Il’ lort

he 3 onesuch as abundance of capelin, on the lllﬁ'llil‘l"l‘illlt‘hll fishery will be l:'\_lﬁf!ltlt‘l' 1 this Nty

d 3 | because ;l‘tlrtﬂ'llvtl rflt!t!j\' on the early hff' tustors ot herring

m z 6. The future ;1|1{l‘n";||n*l||1 wilt be lllitliltt‘ll here in 982, 1o addivon, a pilol

e l;rl}lt'r_l Wils ;‘tllltllllt';l‘tl lnrl“":% 1o ;ivlvl‘nlnll: ;I:t'I:t:iﬁ;i:lllll: :*{ul

i . , , T ogard; , detecting schools of capelin in mshore areas by aerial survey.

d K It is impossible to ke predictions reg rding the This Il‘t.‘ﬁlliqllt‘ ilppt‘;tl!ﬁ promisitig and expanded survess

usitig professional acrial survey persomned ave planned for

J982.

4 short life cycle of the species make predictions over i loniger
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One larval survey is now being conducted each year
in an eftort to estimate year-class strengths of capelin as
O-group fish. This survey has been conducted for 3 years
but the first 2 years were largely unsuccessful because ot
vessel and weather problems. However, the crutses have
permitted an evaluation of techniques and equipment and
the 1981 survey will probably be considered the first in the
time-series. By their nature, such surveys require a long
time-series to test their vesults with estimates of adult stock
StZe. |

Because of the necessity of monitoring the curvent

tisheries and providing biological advice to managers on
otal allowable catches, and so on, very little research on

biology of capelin is being conducted, although many gaps

in our knowledge exist. The exceptions to this are the

studies planned in Trinity Bay, and studies on eggs and
newly emerged larvae (Frank and Leggett 1981a, 19815)
now being conducted i Conception Bay by personnel from
McGall University. | |

No studies are being conducted to test the efiects ot

fluctuations of capelin abundance on the dynamics of cod ot

other predators. Such studies are attractive but require
careful planning and large commitments of personnet and
funds over a number of years, At present, extensive col-
lections of stomachs of several predators (cod. Greenland
halibut, American plaice, harp seals) of capelin are being

Caccumulated and examined and these should improve our

understanding of the time, place, and intensity ol inter-
actions hetween capelin and its predators.
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