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Abstract

The incidence and intensity of infestation of herriag from
Canadien Atlartic waters with larval Anisgkis varied with locality.
Incidence was higher in herring from southwestern and ncrtheastern
Nova Scotia (73% and 64%) and the Banqueresu-Sable Island area
(66%) than in herring from southwestern Newfoundland (30%) and the
southern Gulf of St. Lawrence (29%). Anisakis incidence increased
northwards élong western Newfoundland to 61% in the Strait of Belle
Isle. There was a southward decrease to 8% in Notre Dame Bay and
thence an increase to 48% in herring from eastern Avalon Peninsula.
Both the incidence and intensity of infestation increased with fish
age (size). The geographic variation in incidence indicates that
larval 4nisakis in herring are useful as biological indicators of
s_toc.k heterogeneity. .'I'he remarkable similarity in Anisakis
incidence in herring which are fished along southwest Newfoundland
in winter, near Magdalen Islands in autumn and spring ana near Gaspé
in summer supports the view that these various fisheries occur on

the same stock complex of herring. The high but similar nemstode

‘

incidence values for northeastern Nova Scotia and Banquereau-Sable

Island areas suggest a possible inshore-offshore migratory pattern

on the Scotian Shelf and that these ﬁerring probably do not
interming;e to any great extent with the more ﬁortherly Gulf of

S5t. Lawrence-southwest Newfoundland stocks.



Introduction

Geographical variation in sbundance of parasites of marine fish
have proven useful in the study of fish populatiéns and migrations. The
value of certain parasites as natural biological "tags" in identifying
fish from different areas has been demonstrated for several fish species
(Templeman, Squires and Fleming, 1957; Sindermaﬁn, 196la; Templeman and
Squires, 1960; Kabata, 1963; Margoiis, 1963; Templeman aﬁd Fleming, 1963).

Both Pacific and Atl&ntic.herring are often infested with larval
nematodes or roundworms, generally 20-30 millimetres long and usually
found coiled in cysts in the abdominal cavity; sometimes, however, they
occur in the musculature, The two types known to ocecur in herring are

Anisakis Dujardin 1845 and Contracaecum Raillet and Henry 1912. In the

Northeast Atlantic Khalil (1969) found that Anisakis larvae were more

prevalent in adult herring and Contracaecum in juveniles, Bishop and

Margolis (1955) reported that British Columbia herring, Clupea pallasi,

were freguently infested with Anisakis larvae aﬁd that the level of
infestation varied with area. Sindermesnn (1957, 1959} utilized larval
nematodes as well as other parasites to determine the Jegree of
intermingling of certain Northwest Atlantic herring stocks, with particular

emphasis on the Gulf of Maine and Nova Scotian stocks. Khalil (1969)

investigated the incidence of Anisakis larvae in herring from British
coastal waters and reported that the degree of infestation varied with

locality.

In the autumn of 1968 a survey of the incidence and intensity

of infestation of herring, Clupea harengus L., in Canadian Atlauntic waters

with larval nematodes was initiated to assess the usefulness of such
observations in'determiniﬁg the degree of heterogeneity of Canadian
Atlantic herring stocks. During the course of the study the nematodes

from many herring samples were examined by Mr. J.H.C. Pippy {personal
communication) and practically all identified as Anisakis sp.; consequently
gll nematodes found were recorded as Anisakis larvae although & few may

have been Contracaecum. This paper presents the results of that study,

with emphasis on hérring stocks in the Newfoundland-Labrador area,



Materials and methods
From Wovember 1968 to September 1970 about 11,000 herring,
8500 sexually mature adults and 2500 juveniles, were examined for larval
nematodes. Herring samplgs, usually of 50 fish each, were obtained from
catches of purse seines, midwater trawls, gillnets, codtraps and weirs.
Most of the samples were thawed and examined atter being kept in frozen
storage for several weeks, but a few were examined in tne fresh condition

immediately after capture.

At the start of the study, slicing and candling fillets of about
500 herring, some fresh and some after frozen storage, revealed that less
than 1% of the specimens had nematodes in the musculature, Subsequently
the examination for larval nematodes was restricted to the body cavity
and viscera. The length, sex, stage of maturity Qnd weight of the fish
were also recorded and otoliths taken for subsequent age determination.

The length used is the greatest tetal length measured from the tip of

the lower aw to the end of the longest lobe of tae caudal f'in with the
lobe extending posterioriy in line with the body. Length measurement
data, recorded to the nearest millimetre, were grouped into l--m intervals
of the 0.5 cm below (i.e. all lengths ranging from 310 to 319 mm were
grouped into the 3l-cm interval), The stage of maturity was determined

Oy gross examination of gonads using the various stages of gonadal
development as adopted by ICNAF (1964). The ageing tecnniques are

described in Hodder and Parsons (1971).

Results
Nearly all of the nematodes were found encapsulated on the
mesenteries, ceoiled in flat spirals against the intestine, the posterior
extension of the stomach and the pyloric caecae, or tree in the
abdominal cavity (Fig. 1). Practically all of the nematodes measured

were in the 20-33 mm size range.
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Fig. 1. Larval nematodea encysted in the sbdaminal cavity of s split
herring (X2.5).

orle G nerr.ing un. infestation

B3th the .acidence (percentage of fish infezted. and tne intensity
Lsveoruge nomper of rematodes per fish) imcroumse wito fish size (Fig. 2).
ae nematudes were ound in herring less tha. oo oom long wod the degree ot

infestation was less than 20% for the 20- to 3J-cm lengtin ~r-oups.  Herring

sreoaL e are clther immature or maturins U Tirot pawning, The

increase in degree of infestation with increasing size 1s very pronounced

for herring over 30 cm in length, which are generally sexually mature.
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Fig. 2. Relation between the ineldence of infestation (solid line),
Rean nunber of Anisskis larvas {brokes 1ine) and length of herring for
all aresas comdined.

Within areas there is consiﬁerable fluctuation in the relation
between fish size and both the percentage incidence of infestation and
the average number of nematodes per fish; for some areas the relationghip
is much more evident than for others (Table 1}. Generally though,
immature herring (< 30 cm long) are less heavily infested than sexually
mature adults. Juveniles from Fortune, Placentia and St, Mary's bays,

Newfoundland, had a much lower nematode incidence than adult herring
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ViU, 12 and l:% compared with 43, 32 and 3% recrectivelv', Uimilarly
juveniles trom northeastern lova Scotia had a lower Incidence than adults

(27% compured with 64%).

Age and infestation

both the incldence and the intensity of [nlestation of herring
with larvel nematoudes increase with age {(Vig. i), herring less than -
age II1 have a very low level of infestation in all areas f{rom which
specimens were eﬁamined. From age I1I onwards there is a gradual increase
in incidence and intensity of infestation with age. ‘'he sharp increase
from age IX to uge X+ occurs because the X+ category includes all

specime:s ol age X and older,
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Fig. 3. Relation between the incidence of infestation (solid line),

Dean pumber of Anisakis larvae (broken line) and age of herring for
all areas cowdined.
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Although the increase in degree of infestation with age is
clearly evident for certain areas (e.g. northeastern Nova Scotia and
Hawke's Bay), it is less prominent in others (e.g. Placentia and Notre

Dame bays) (Table 2).

Geographic variation in incidence
Considerable geographic variation in the level of infestation of
sexually mature herring by larval nematodes is evident (Fig. 4 and

Table 3.

50*

QUEBEC

— 50°

—1 48°

Fig. 4. Geographic varistion in the inoidence of larval nemstodes in
edult herring (230 cm) from Canadian Atlantic waters, 1968-70. (Within

each circle the upper value represents the percentage incidence of
infestation and the lower value represents the number of nematodes per

100 herring. The nurbers adjacent to the circles correspond with place

nanes in Tebles 1-3.)
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There is remarkable similarity in both nematode incidence and
intensity for herring which are fished near Magdalen Islands in the autumn

just prior to the start of the Newfoundland fishery, herring which
overwinter along southwestern Newfoundland and herring which are fished
between Cape Hreton and Magdalen Islands in the spring after the cessation
of the Newfoundland fishery. The nematode incidence in herring from
Chaleur Bay during summer (based on 44 specimens only) is similar, although
slightly lower.

Herring from northeastern Nova Scotia (Gaﬁarus Bay) and the
offshore area (Banquereau and Sable Island banks) have a similar level of
infestaticou, the incidence being more than twice that for the southern
Julf of 3t. Lowrence and southwest Newfoundland ard the intensity being
L times as large. Adult herring from southwestern kova Scotia (St. Mary's
Bay; are similar in both incidence and intensity to those from northeastern
Nova Scotia and the Sable Island-Banquereau area,

dematode incidence and intensity increase from bonne Bay
northwards along western Newfoundland to the Strait of belle Isle and
southern Labrador. iHowever, the herring samples [rom the latter areas,
taken mostly during the summer, contained larger and older herring than
those from Bonne EBay and Hawke's Bay, taken in late autumn,

There is & southward decrease in incidence and intensity from
Labradcr to lotre Dame Bay where the level cf infestation is very low
for even the largest and oldest herring (Tables 1 and 2). Southward
from Notre Dame Bay to the eastern Avalon Peninsula there is a sixfold
inerease in both incidencg and intensity. However, the intensity in
Trinity-Conception Bay samples is considerably higher than in samples

from the adjacent aress.

Adult herring from Placentia and St. Mary's bays were virtually
identical in beth incidence and intensity of infestaticn and the data for
these bays were comtined for comparison with other areas, Although the
incidence iz similar to that for southwestern Newfoundland, the intensity
ig considerably higker, Fortune Bay herring have only a sligntly higher
incidence of infestation than herring from southwest Newfoundland, but

the intensity is twice ms high.
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Seasonal and annual variation in infestation

Eecause of the seasonal nature of the herring {fishery in most
areas, samples could not be obtained on a year-round basis from 4 single
area To elucidate reascnal trends in nematode abundance. However, a
major herring fishery, which oceurs along southwestern Newfoundland from
Hovember to April (Hodder, 1969, 1970), was intensively sampled for
larval nematodes during the 1968-69 and 1969-70 seasons (Fig. 5). Except
for Decemver 1968 there was no significant variation in nematode incidence
in herrirg during the overwintering period. The higher-than-average
incidence value for December 1968 cannot be attrituted to more larger and
older herring in the samples for that month, since the average size
remained relatively constant throughout the entire seascn. Sindermann
(1957), in a study of seasonal parasitization of herring in the Bay of
Fungy, fpund that the nemapode incidence rose sharply in earliy winter and
then stabilized at a somewhat lower level during spring and summer. Bishop
and Margolis (1955) reported that the level of infestation in British
Columbia herring remained constant throughout the winter for any particuler

fish age and area,
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Fig. 5. Incidence of larval nematodes in herring from southwestern
Fevfoundland by month during the winters of 1968-69 and 1969-T0,
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In the present study the incidence of infestation of herring with
nematodes was on the average slightly higher during the 1969-70 season
\33%) than during the 1968-69 season (27%) (Fig. 5 and Table 3). This is

probably due o the fact, as reported by Hodder (1970}, thet the average

size (age) of southwest Newfoundland herring was slightly larger in

1969-70 than in 1968-69 (33.2 cm compared with 33.0 cm).

Discussion

The distinct geographic variation in the incidence and intensity
of infestation of adult herring from Canadian Atlantic waters with larval
Anisakis indicates ‘that this parasite is valuable as a biologicsal
indicator of stock heterogeneity. Hodder and Parsons (MS 1970, 1971)
compared certain biological characteristics of herring taken st Magdalen
Islands in the southern Gulf of St, Lawrence just prior to the start of
the Hewfoundland fishery in the autumn of 1969 and in the coastal waters
of southwestern Newfoundland shortly thereafter., The authors concluded
that the samples from Magdalen Islands aqd along scuthwestern Newfoundland
were derived from the same stock complex and that the winter fishery along
southwestern Newfcundland is largely dependent on herring concentrations
which migrate eastward out of the southern part of the Gulf of St. Lawrence
in the autumn, Subsequent to that study herring ﬁere tagged in the inshore
waters of southwestern Newfoundland in early March 1970 and, after the
termination of the Newfoundland fishery about mid-April, recaptures vere
made at Magdalen Islands (Hodder and Winters, MS, 1970) and as far west
as the Gaspé Peninsula (Winters, 1970), thus confirming the westward
moverent of the herring schools after they leave the Newfoundland coast
in the spring. The similarity in incidence and intensity of Anisakis
infestation of herring fished near Magdalen Islands in the fall, herring
from souihwestern Newfoundland in winter, herring :ished between Cape
Breton and Magdalen Islands in the spring and near Chaleur Bay-Gaspe
during the summer provides further evidence of & seasonal migration of

nerring eastward from the southern Gulf of St. Lawrsnce in the autumn to

All
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overwintering areas along southwestern Newfoundland and westward aga:n
into the Gulf in the spring.

The similarity of nematode abundance [n herring from northeastern
dova Scotia (Gabarus Bay) and from the Banquereau-Sable lsland area
suggests the possibility of an inshore-offshore migration of herring on
the Nova Scotian shelf. However, the data indicate that herring from
these areas probably do not interminglé to any great extent with the
southwestern Jdewfoundland-southern Gﬁlf of 5t, Lawrence stouck complex,
since intermixing should produce greater homogeneity in Anisakis incidence
than has been found in this investigation. Iles and Tibtbe (MS, 1970)
suggested that there is an influx of herring thrcugh the southern entrance
of the Gulf in April which may involve Chedabucto Bay fish and/or herring
recorded as caught in quantity in the early months of the year on
Banquereau moving towards Cape Sreton in the spring. in view of the
present results which confliet with this hypothesis, intensive sampling
cf herring along the southern edge of the Laurentian Channel for Anisakis
larvae is suggested to shed further light on the stock interrelationships
in this area. <Zindermann (1957, 1959) reported that larval nematodes were
more abundant along the Nova Scotian coast than in either the Gulf of
S5t. Lawrence or the Gulf of Maine, being more than twice as abundant in
dova Geotian flsu 2s in Georges Bank fish. He alsc found that larval
cestodes, which were common in herring from the s»uthern Gulfl of Maine,
were less abundant in Nova Scotian fish and completely absent in the
Gulf of St. lLawrence. Sindermann (1961b) reportes uan average .ncidence
of T6% and 64% for adult herring from the outer Nova Scotia cuast and
the lovae Scotia Fundy coast respectively for 1955-58. These values are
similar to those obtained during the present study - 6h% t'or northeastern
4ova Scotie herring and 73% for herring from Si. Mary's bay which borders
un the Bay of Fundy. The average incidence in the southern Gulf of
St. Lawrence during Sindermann's investigation {1955-58} was 224, ranging
from 19% in Chaleur Bay and along the north Gaspé zoast to 31% in
Forthusberland Strait. There appears tc have been a slignt increase in

‘ncidence retween 1955-53 and 1969-70.
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Yrom nematode abundance it appears thut nerring along the northwest
coast of Hewfoundland are ?elatively distinct from the scuthwestern
Newfoundland-southern Gulf stock complex, Herring whicn occur during the
summer in the Strait of Belle Isle may represent an clder portion of the
same stock which cccurs in Hawke's Bay., 'The average nematode incidence
in Bonne Bay (37%) is not much nigher than that along southwestern
Newfoundland. Sindermann {1957} reported en inciderce of 24% in a sample
zf herring obtained from Bay of Islands in 1955, Herring from the
southern portion of the Newfoundland west coast may contribute to the
winter fishery along southwestern Newfoundlend.

The low abundance of larval nematodes at éll sges in spring
spawning herring from Notre Dame Bay suggests that this herring stock is
relatively discrete, although it probably intermingles to a certain extent
witn herring t¢ the north and south in White Bay and Bonsavista Bay. The
higher nematode abundance in Fortune Bay herring compared with herring

from southwestern Newfoundland indicates that Fortune Lay herring

=k

which
are almost exclusively spring spawners, do not intermingle to any great
extent with the herring stock cgmplex which overwinters zlong southwestern
dewfoundland. Sindermann (1957) found an incidence of 94% in a sample of
herring from Fortune Bay in 1956, It is possible that his sample consisted
of very large old fish. Tibbo (1957) reported a high proportion of very
0ld herring In Fortune Bay from 1946 to 1948, At that time the a;erage
size was 35.6 cm and the average age was 11 years. The average size and
age of tne adult specimens examined in our study was much less (Tables
1 and 2).

The similarity of inecidence and intensity of infestation of
herring from Placentia and St. Mary's bays with Anisakis larvae suggests
that the samples from these two adjacent bays were derived from the same

"red" herring,

stock., This was previously indicated by the migration cf
which had been exposed to phosphorus poisoning in Placeuntia Bay, into
St. Mary's Bay in the spring of 1969 (Unpublished data, 3t, John's
Biclogical Station).

Relatively little is known of the life cycle of Anisakis nematodes

which cccur in herring., Marine mammals are the definitive hosts of adult
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Anisakis (Baylis, 14$20; Baylis and Daubney, lych; Shalil, 1964 .
Templeman, Squires and Fleming (1957) list the following final hosts:

the common purpnise, Phocoena phocoena L.; the common dolphin, Delphinus

T

delphiz L.; the white-beaked dolpin, Lagenorhynchus albirostris Gray;

the narwhal, Monodon monoceros L.; the bottle-nosed whale, hlgeroﬁdon

ampuliatus (Forster); the little piked or minke whule, balaenoptera

acutcrostrata Lacépéde; the fin whale, Balaenoptera physalus (L.); the

sei whale, Balaensptera borealis Lesson; the false killer whaje, Pseudorca

crassidens (Owen); the blue whale, Balaenoptera musculu: (L.); the white

whale, Delphinopterus leveas (Pallas); the walrus, (Cdobsenus rosmarus.

A more extensive list of cetacean hosts is given vy Baylis (1932).

Sergeant (1962) reported the occurrence of adult Anis=kis simplex in the

stomacnhs of pilot or pothead whales, Globicephala melaena {(Trusill), in

Hewfoundland waters. Scott and Fisher (1958} found adult Anisakis in the

harbour seal Phoca vitulina, the harp seal Phoca groenlandica and the

grey seal Halichoerus grypus, in the Canadian arez o the western North
Atlantic. Van Thiel {1966) also found Anisakis in grey seals on the east

coast of Scotland.

The relative importance of these marine mammals as final hosts
for the Anisakis larvae which occur in herring is uncertain. Although
pilot whales which are the most abundant cetacean in jewfoundland waters

in summer harbour adult Anisakis simplex, they feed almcst exclusively

on the short-finned squid, Illex illecebrosus {(LeSueur), and there is little

evidence to indicate that herring form an important constituent in their

diet (Sergeant, 1962). The common delphin, Delphinus delphis, is

abundant off eastern Nova Scotia in the region of "slope wuater” at
temperatures between 13 and 17 C during the late summer and autumn

{Sergeant and Fisher, 1957). The common porpoise, Phocoena phccoena, is

abundant in the Fassamaquoddy Bay region of the HBay ¢t Funiy each summer,

at which time herring is the principal item of diet. 7Thne porpoise is
well-known elsewhere in the Maritimes and is frequently taken in cod traps
in June ana July in Newfoundland waters (Sergeant and Fisher, 1957).

Another host of aiult Anisskis, the minke whale, zZalaenoptera acutorostrata,

supports a shore-vased fishery off eastern lova Seotia and rcastern
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Newfoundland, generally from late May to late July in toe latter region,
during its northward migration., Herring are of minor importance in its

diet (Sergeant, 1963). A large population of white whales, Delphinopterus

leveas, ccecurs in the St. Lawrence estuary and has been described by
Vladykov {lyll), Offshoots of this population s.metimes occur in the
Bay of Fundy but only rarely along Newfoundland and Lablirador.

Templeman, Squires and Fleming (1957) and Scott and Fisher (1958)
have described the distribution of harbour,Agrey and harp seals in the
Canadiag area of the western North Atlantic. Herring comprise a large
porticn of the diet of harbour seals in Newfoundland-Labrader vaters
(Templeman, Squires and Fleming, 1957). However, adult Anisakis occur
only rarely in these seals (Scott and Fisher, 1958).

The geographic variation in the incidence and intensity of
infestation of adult herring with Anisakis larvae is dependent not only
upon the distribution and migrations of the final hosts but also upon the
distribution of the first intermediate host, current patterns, herring
migrations and particularly the location of herring feeding grounds,
Herring may become infested by ingesting the eggs after they are discharéed
intc the sea from a marine mammal, However, most investigators have

assumed that infestation occurs as a result of herring feeding upon infested

plankton which thus act as the first intermediate rost, Anisakis larvae
have been repcrted to occur in the euphausiid Thysanoessa (Polyanskii,
1955). The life span of the larvae in herring is uanknown, The increase
in incidence and intensity of infestation with increasing age and size

of the fish indicates that the larval nematodes accumulate from year to
yzar. Invertebrate organisms such as copepods and euphausiids are tue
chief foci of rerring. It is not known which of bthese invertevrates

act a3 hcsts for the larval Anisakis which cceur in herring. Consequently,
it is difficult to offer an adequate explanation for the specific
geographiec variation of Anisakis in herring as shown in the present
study. Further research into the life cycle of this parasitic nematode .
may elucidate the reasons for its observed distributiun in herring of the

westerr. ~orth Atlantic,
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Neratode larvae, such as those ouvcurring in herring, van be
harmful to man. The first case of so-called "nerring-worm disease", later
termed "anisakiasiz", was observed in Holland in 1¥5%. From 1955 through
1967 14y yproven rases were reported in the ietherlands, During 1967
there were Y2 cases of "anisakiasis" in Japan. furopean scientists found
that Anisakis larvue could be transmitted to mun vhrough eating infested
herring either raw or inadequately trested. Following the introduction
by the detherlands government of new regulations for the treatment of
herring for human consumption, the number of cases declined dramatically
to only 5 proven cases in 1968 (Ruitenberg, MZ, 1970). Khalil (1969)
and Rulitenberg (MS, 1970) have described the effects of salt and
temperature on the survival of Anisakis larvae in herring.

The intensity of infestation of adult herring in the Northwest
Atlantic with Anisakis larvae varies with lccality, ranging from 0.17

nematodes per fish in Notre Dame Bay to 2.96 nematodes per fish along
southern Labrador, but is generally much lower than in herring from
British coastal waters (33.1 larvae per fish with 30-50 iarvae per herring
being frequent)} as reported by Khalil (1969). Herring from the west of
Séotland and the northwest of Ireland (3.2 and l.o nematoies per fish
respectively) were considered to have a low level of infestation. The
intensity of infestation in herring from scathwestern Newfoundland and

the southern Gulf of St, Lawrence, where two of the major Canadian herring
fisheries are presently concentrated, is very low in comparison with
nematode abundance in eastern North Atlantic herring, particularly those
from the North Sea. Even the highest intensities in the Canadian area
(2.96, 2.65, 2.28, 2.19 and 2.0l nematodes per fish) are comparable to the
intensities in herring from Scotland and Ireland, which have been termed low
by European investigators. Thus it appears that the relatively low
intensity of Anissekis larvae in herring from the Canadian area of the
western North Atlantic poses a negligible problem in the utilization of
herring for human consumption particularly if the herring are properly

treated.
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;le 3. Geograpaic variation in the incidence of larval nematodes in adult herring
(230 em) from Canadisn Atlantic waters, 196b4-T0,
Ares Locality No. of adult Percentage Nc. of nematodes

sogde herring 2f herring per 100

examined infected herring
1 St. Mary's Bay, [.3. 100 73 228
2 N.E. Nove 3ontia 153 (AN 196
3 Banguereau-sable Islanéd Bank g8 €6 265
L Chaleur Bay-Gaspé L 25 32
5 Magdalen Islands 500 29 51
6 North of Cape breton Island 500 e 45
7 Southwest Newfcoundland - 1968-69 1939 2T 51
1969-T0 1660 32 5k
1968-70 3599 30 >3
8 Bonne Zay, Nfld. 150 37 87
g Hawke's Bay, Nfld. 313 20 219
10 Strait of Belle Isle 250 bl 265
11 Southern Labrador 110 59 29t
12 Quirpon, Nfld. 306 L3 132
13 Conche, Nfld, 108 2L 83
1h Notre Dame Bay, Nfld. 549 8 17
15 Bonavista Hay, Jf1d. 530 22 52
16 Trinity and Conception bays, Nfld. 513 40 150
T hastern Avalen Peninsuls, Nfld. 267 L8 101
18 St. Mary's and Placentia bays, Nfld. 983 33 9l
19 Fortune Bay, Nfld. L7C L3 110
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