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Abstract

Studies on the prevalence and intensity of selected herring parasites were conducted during 1981-83 in the western North
Atlantic. Results are presented on three species of larval nematodes, Anisakis simplex, Hysterothylacium aduncum and Terranova sp.,
a larval cestode and the fungus, Ichthyophonus hoteri. Of the parasites examined, A. simplex showed the most potential as a natural
tag for use in stock discrimination work. Results from this parasite are consistent with results from tagging studies.

Introduction

One of the persistent needs in herring, (C/upea
harengus L.) research in the western North Atlantic is a
better understanding of stock structure and of sea­
sonal intermixing of stocks. A number of approaches
- morphometrics and meristics (Anthony and Boyar,
1968; Parsons, 1975), age and growth (Boyar, MS
1967), tagging (Stobo, MS 1976), biochemistry
(Odense and Allen, 1971; Ridgway et a/., 1971) and
parasites (Boyar and Perkins, 1971) - have provided
some insights but questions about stocks and their
movements persist.

Of the presently available methods, parasite indi­
cators seem as likely as any to produce low cost and
timely information useful in management of herring.
Parasites have already proven useful in this role for a
number of other fish species such as Pacific sockeye
salmon, Oncorhynchus keta (Margolis, 1963), whiting,
Mer/angius mer/angus, (Hislop and MacKenzie, 1976),
haddock, Me/anogrammus aeg/efinus (Lubieniecki,

1977), plaice, P/euronectes p/atessa (van Banning et
a/., MS 1978), cod, Gadus morhua (Sherman and Wise,
1961), and winter flounder, Pseudop/euronectes amer­
icanus (Stunkard and Lux, 1965), as well as for Atlantic
herring from the North Sea (MacKenzie, MS 1974;
MacKenzie and Johnston, MS 1976). The use of paras­
ites as biological tags was explored earlier for herring
of the western North Atlantic (Sindermann, 1957).
However, since there are some differences in the par­
asite fauna found in eastern and western North Atlantic
herring, since previous studies in the western North
Atlantic did not attempt to actually speciate the para­
sites of greatest potential value, and since these west­
ern North Atlantic studies were carried out before
significant changes in herring biomass occurred,
further examination of parasites as tags seemed
relevant.

Previous investigations of herring parasites, which
concentrated on larval nematodes inhabiting the body
cavity (Sindermann, 1957, 1961; Boyar and Perkins,
MS 1971; Parsons and Hodder, 1971; and Lubieniecki,
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Samples were obtained from commercial catches
with the exception of Southeast Nova Scotia samples
from Chebucto Head which, along with most of the
specimens from areas south of Cape Cod, were
obtained from research cruises. Dependence on com­
mercial fisheries for samples placed limitations on
sampling design. Herring were frozen prior to exami­
nation in most cases but some were examined fresh by
the Canadian participant in this study.

Each herring was weighed (gm), measured (total
length in mm) and sexed, maturity stage was noted,
and otoliths were removed for ageing. The body cavity
was examined macroscopically for nematode and ces­
tode larvae, which were easily detected in the mesen­
teries, along the intestine and around the posterior end
of the stomach. In addition, the ovaries and epaxial
body musculature were candled for any buried larvae.
None were found in these locations. Gross examina­
tion was made for the external "sandpaper effect" and
internally for white nodules on the heart and liver,
which are characteristic of infections by I. hoferi.

A total of 6,048 herring was examined for A. sim­
plex, H. aduncum, Terranova sp., larval cestodes and I.
hoferi. However, prevalence of A. simplex in herring
has been shown to increase with age and size (Craw­
ford, 1980; Parsons and Hodder, 1971; McGladdery
and Burt, 1985). Thus, 622 of the smaller herring from
the U.S. coast, those in ICNAF gonadal stages I and II
(ICNAF, 1964), were removed from the analysis and
only the results from mature fish were compared
among areas. (ICNAF gonadal stages I and II are
immature herring, III is maturing, IV is almost ripe, V is
ripe, VI is actually spawning, VII is recently spent, and
VIII is resting).The herring excluded were age 1,2 and
the smaller specimens of age 3. The 5,426 fish of matur­
ity stages III-VIII used in the analysis were collected
from the locations shown in Fig. 1.

Materials and Methods

The nematode larvae were removed, desheathed,
fixedin 70% ethyl alcohol, and subsequently stored in a
mixture of one part glycerine to 10 parts 70% ethyl
alcohol. Specimens used for detailed morphological
examination were cleared using glycerine, or lacto­
phenol for larger specimens. Cestode larvae were pre-

Methods used by the various participants in
checking for fungus, larval cestodes, Terranova sp.
and A. simplex were identical. However, the Canadian
participant used gross and stereo-microscopic exami­
nation of the pyloric caeca for H. aduncum. This differ­
ence in methodology proved to be critical with regard
to numbers found and, hence, observations by Cana­
dian and United States participants could not be com­
pared for this species.

MAINE

Herring sampling areas and number of adults (ICNAF
maturity stages III-VIII) analyzed from each area, 1981-83.

Fig.1.

NEW
BRUNSWICK

It was originally decided that the objective of this
study should be to assess whether differences in A.
simplex prevalence (percentage of infected fish per
sample) and intensity (mean number of parasites per
infected fish) existed between spawning populations
off the western Gulf of Maine (i.e. Jeffreys Ledge) and
those off Southwest Nova Scotia (Fig. 1). The objective
was later expanded to include an attempt to relate
concentrations of herring at other than spawning peri­
ods to one or the other spawning group, and to include
consideration of two other anisakid nematode species,
Hysterothylacium eduncum and Terranova sp., larval
cestodes (Cestoidae: Tetrarhynchidae), and the fun­
gus, Ichthyophonus hoferi, thought to have potential
for herring stock separation.

1973), indicated that larval Anisakis simplex had the
greatest potential for distinguishing between herring
populations for the following reasons. They are easily
detected by gross examination and, once ensheathed
within the herring, can survive as long as their host.
They are not subject to seasonal mortality and there is
no indication that they affect the survival of the host
fish. (Heavy infections were rare, but even these
herring seemed healthy at time of capture.) A. simplex
is easily identified and distinguished from other nema­
todes found in the body cavity and is not morphologi­
cally altered by freezing. The intermediate hosts
involved in the life-cycle (the first intermediate hosts in
the Northwest Atlantic are generally euphausiids
belonging to the genera Meganyctiphanes and Thysa­
noessa (Smith, 1983) are known to show fairly stable
population dynamics (Kulka et al., 1982).
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served in the same manner as the nematode larvae by
United States participants but were fixed in 5% formal­
dehyde and subsequently stored in 70% ethyl alcohol
by the Canadian participant.

Results

A. simplex and H. aduncum were of common
occurrence in the specimens examined, and larval ces­
todes were less frequently found (Table 1). Terranova
specimens were rare, and no evidence of infection by
the fungus I. hoteri was found.

Anlsakls simplex

All Anisakis larvae, without exception, were identi­
cal to the type 1 larvae described by Berland (1961).
This is now widely recognized asA. simplex (Rudolphi,
1809) Dujardin, 1845 (Beverley-Burton and Pippy,
1977). The specimens recovered from the herring
examined in this survey were opaque white, usually in a
coil and surrounded by host connective tissue. The life
cycle of A. simplex has been reviewed thoroughly by
Oshima (1972), Cheng (1976), and Smith and Wootten
(1978). The adult worms mature in the stomach of
cetacean hosts and, to a lesser degree, in pinnipeds

(Vik, 1964; Thiel, 1966). Details of the taxonomy of A.
simplex have been described by Pippy and van Ban­
ning (1975), and morphology of larvae by Beverley­
Burton and Pippy (1977).

Increases in A. simplex prevalence with fish size
and age for both Southwest Nova Scotia and Jeffreys
Ledge-south of Cape Cod areas (Fig. 2) were consist­
ent with the positive correlations found in previous
studies. Fig. 2 is based on the data collected by USA
participants (Table 1) and includes observations on
immature fish which, as noted above, were excluded
from other parts of this study. The data were also
examined to see if an increase in prevalence could be
detected over a period of 1 year within year-classes.
Data from south of Cape Cod were selected for th is
analysis (Table 2) since five year-classes were repres­
ented with adequate numbers of individuals. Everyone
of the five year-classes showed an increase during the
1 year period. Prevalences at age varied from year to
year.

To test for differences in A. simplex prevalence
and intensity between spawning populations on Jef­
freys Ledge and off Southwest Nova Scotia, data for
age 6 (1976 year-class) fish caught in late summer­
early autumn of 1982 were compared (Table 3). Jef­
freys Ledge fish showed a prevalence of 16.3% and a

TABLE 1. Percentage prevalence (P) and intensity (I) of Anisakissimplex, Hysterothylacium aduncum and an
unidentified larval cestode in adult herring (maturity stages III-VIII) from various areas, based on
examinations by (A) USA and (B) Canadian participants in this study. (* indicated microscopic
examination.)

Number Mean Larval
Season of length A. simplex H. aduncum cestode

Area and year fish (mm) P I P I P I

A. S of Cape Cod Winter 1982 1,125 306 9.4 1.3 0.1 1.0 2.9 1.7
Winter 1983 482 312 8.9 1.4 0.8 1.0 4.6 2.1

Jeffreys Ledge Autumn 1981 1,197 300 8.9 1.2 0.5 1.3 2.4 1.3
Winter 1982 461 304 9.8 1.2 0.9 1.0 0.4 1.0
Autumn 1982 440 298 9.8 1.4 0.5 1.0 0.9 2.0

Central Maine Summer 1982 491 313 6.9 2.0 0.8 1.0 1.0 1.6

Eastern Maine Autumn 1981 121 289 14.9 1.8 1.7 2.0
Autumn 1982 179 297 8.9 1.3 5.0 1.1 1.1 1.0

SW Nova Scotia Autumn 1982 408 303 39.2 2.0 6.1 1.4 0.7 1.0
.... -- ...-...-........... _----................ _---------------- ....--.............. _--_ ............ --..-....__.... -...._--_ ...................... _....__....... -..... -........... ---........... -..------ ................. _-..--......... _----....... _._-_ .._---...----

B. Bay of Fundy Summer 1981a 50 283 18.0 1.2 62.0* 1.9 2.0 1.0
Winter 1982b 20 247 35.0 2.1 5.0* 1.0
Summer 1982a 60 274 1.7 1.0 38.3* 1.4
Autumn 1983a 40 283 22.5 1.8 42.5* 1.9

SW Nova Scotia Summer 1981c 80 292 23.8 1.5 56.3* 2.4
Winter 1982c 20 305 45.0 1.7 25.0* 1.0
Summer 1982d 20 338 55.0 2.1 45.0* 1.8
Autumn 1982c 80 302 38.7 1.9 50.0* 2.3
Summer 1983d 60 292 36.7 2.0 51.7* 2.5 2.5 1.0

SE Nova Scotia Spring 19828 20 290 20.0 1.3 25.0* 1.4
Summer 19828 30 310 56.7 3.0 23.3* 1.3
Summer 1983f 42 268 14.3 1.3 42.5* 1.9

a Grand Manan Island. c Trinity Ledge. e Chebucto Head (Halifax).
b Passamaquoddy Bay. d Digby Bight. f Browns Bank.
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Fig. 2. Relationships between Anisakis simplex prevalence and the length and age of herring from Southwest Nova Scotia in 1982 and the Jeffreys
Ledge-South of Cape Cod areas in 1981-83.

TABLE 2. Percent prevalence of Anisakis simplex by year-class and
age of herring in the winter 1982 and 1983 samples from
the South-of-Cape Cod area. (Number of observations in
parentheses.)

Age Year-class
(yr) 1979 1978 1977 1976 1975

3 0.0 (24)
4 3.6 (83) 8.6 (35)
5 10.0 (20) 5.1 (432)
6 7.0 (272) 13.5 (289)
7 14.6 (103) 10.5 (76)
8 14.3 (14)

TABLE 3. Prevalence and intensity of Anisakis simplex in age6 (1976
year-class) herring from two areas during spawning in
1982.

Jeffreys SW Nova
Parameter Ledge Scotia

Season in 1982 Sep-Oct Aug
No. of herring 86 300
Mean length (mm) 319 310

Prevalence (%) 16.3 45.7
Intensity 1.4 2.1

mean intensity of 1.4, whereas the Southwest Nova
Scotia fish showed a prevalence of 45.7% and a mean
intensity of 2.1. This difference in prevalence gave a
chi-square value of 23.0 and was significant (P<0.01).

In the widespread seasonal sampling conducted
(Table 1), similar clear differences among areas
occurred. Prevalences among fish from Southwest
Nova Scotia ranged between 23.8 and 55.0%, whereas
those from Maine and south ranged from 6.9 to 14.9%.
Prevalence in Bay of Fundy was highly variable, rang­
ing between 1.7 and 35.0%. (Bay of Fundy samples
were all taken on the New Brunswick side adjacent to
the Maine coast.) Southeast Nova Scotia fish, which
also showed a wide range in prevalence of 14.3 to
56.7% had a mean (29.4%) within the range of South­
west Nova Scotia fish. Intensity of infestation among
Southwest Nova Scotia fish ranged from 1.5 to 2.1,
whereas that of fish from Maine and south ranged from
1.2 to 1.4, except for two samples from central and
eastern Maine which had intensities of 2.0 and 1.8
respectively. In the central Maine sample, the high
intensity resulted largely from one herring which con­
tained 17 A. simplex. Without this fish, the sample
mean intensity was 1.5, close to that for other southern
samples. Bay of Fundy and Southeast Nova Scotia fish
showed wide ranges in intensity, as in prevalence, with
overall means more similar to those from Maine in the
case of the Bay of Fundy (1.4) and to Southwest Nova
Scotia in the case of Southeast Nova Scotia (1.9). Thus,
the data for prevalence in particular, when combined
over the whole sampling period (1981-83) for each
major geographic area (Fig. 3) illustrates a marked
difference between coastal United States-Bay of
Fundy samples and Nova Scotia samples.
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Fig. 3. Prevalence of Anisakis simplex in adult herring (ICNAF
maturity stages III-VIII) by geographic areas, 1981-83.

The data do not provide strong evidence for sea­
sonal differences in parasite infection within areas. In
samples from Maine and south, seasonal coverage is
limited, with almost all samples being taken in autumn
and winter. In the Bay of Fundy, lower prevalences
occur in summer samples. In Southwest Nova Scotia,
both the lowest and highest prevalences occur in
summer samples. However, sample sizes were small
for most of the Bay of Fundy and NovaScotia samples,
and there was enough variation in mean size of fish
sampled (Table 1) to produce substantial differences
in prevalence (Fig. 2) and perhaps to obscure seasonal
effects. Using the relationship in Fig. 2 to account for
differences in mean length of sampled fish indicates
that the variation in prevalence of Bay of Fundy.fish is
not greatly influenced by size. The difference in preval­
ence in summer Southeast Nova Scotia samples can be
accounted for by size, however.

Hysterothylac/um aduncum

Third and fourth stage larvae of H. aduncum
(Rudolphi, 1802) were found in all size groups of
herring, although they were most common in smaller
fish. The larvae were most frequently found
ensheathed among the pyloric caeca. Descriptive
material on H. aduncum was reported by Gibson
(1983) and McGladdery (MS 1984).

Quantitative analysis could not be done on this
nematode species due to the differing methods of
examination mentioned above. H. aduncum increased
in abundance with increasing latitude in data collected
by United States participants (Table 1), which agrees
with the conclusions for larval nematodes in general
reported by Sindermann (1957) and Boyar and Perkins
(MS 1971). The Canadian study, using a combination
of gross and stereo-microscopic examination, found

Larval H. aduncum are commonly found in varying
stages of degeneration, and probably survive for
approximately 1 year only. In addition, their smaller
size (7-21 mrn long compared to 19-32 mm for A.
simplex) and occurrence among the pyloric caeca,
make them difficult to find macroscopically. These fac­
tors combine to give this species less potential than A.
simplex as a natural tag for adult herring.

Terranova sp.

Four specimens were found which were identified
as third stage larvae of Terranova sp.: one in a commer­
cial sample from Rhode Island during the winter of
1982, and three from a research cruise south of Cape
Cod in the same winter. This is the first reported occur­
rence of Terranova in herring. Prevalence in samples
south of Cape Cod was 0.3%. It was not found in sam­
ples from the same study areas in 1983, nor was it
found in any other area. Due to its rare occurrence and
uncertain specific identify, this species was not of
value as a biological tag.

Third stage larvae may be distinguished by the
following criteria: broad, blunt head with anterior bor­
ing tooth (Fig. 4A), anterio-ventral excretory pore, ven­
tral excretory duct which expands to a ribbon shaped
excretory gland in the left ventral quadrant posterior to
nerve ring, excretory gland nucleus at level of the pos­
terior part of the ventriculus (in our specimens the
oesophagus was folded) (Fig. 4B), elongate ventricu­
lus with a straight junction with the intestine, intestinal
caecum exceeding the length of the ventriculus and
attached to the right lateral cord by a ligament (Fig.
4C), tail with mucron (Fig. 40), one distinct tranverse
cuticular stria on body just anterior to anus. All four
specimens were distorted and the preventriculus was
coiled or compressed. It is not known if this was due to
stunted growth or damage from freezing.

Larval cestodes

Highest prevalences of larval cestodes were found
south of Cape Cod and on Jeffreys Ledge in the
autumn of 1981 (Table 1) but were lower everywhere
than those reported in the 1950's by Sindermann
(1957). None were found from eastern Maine samples
in the autumn of 1981 but were present there in the
autumn of 1982. Occurrence in samples collected off
the Canadian coast was sporadic. Samples from the
Bay of Fundy in summer 1981 and Southwest Nova
Scotia in summer 1983 had prevalences of 2.0 and
2.5%. Spawning fish sampled from Southwest Nova
Scotia in the autumn of 1982 had a prevalence of 0.7%.
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Fig. 4. Diagnostic features of third-stage Terranova sp. larva: (A) broad blunt head (x 225, phase contrast); (B) compressed and coiled,
damaged preventriculus (x 225, phase contrast); (C) ligament attaching intestinal caecum to body wall (x 225, phase contrast); and
(0) broad-based mucron at tail (x 400, bright-field). The unidentified larval cestode (E) has round calcareous corpuscles and
tentacles with rows of hooks (x 255, phase contrast).

Spawning fish on Jeffreys Ledge that same year had a
prevalence only slightly higher (0.9% ) . Although distri­
bution is not discontinuous, fish taken off the Cana­
dian coast appear less likely to be infected.

Larval cestodes from the U.S. part of the study
could not be positively identified due to the samples
being frozen before examination. In the Canadian part
of the study, some samples were examined fresh and
cestodes could be identified as Grillotia erinaceus (van
Beneden, 1858) and Lacistorhynchus tenuis (van
Beneden, 1858; Pinpner, 1913), another tetrarhynchan
plerocercoid. The larval G. erinaceus were found
encysted in the body cavity on the surface of the stom­
ach, pyloric caeca, and intestine. In all specimens the
scolex was inverted, highly contorted, and the overall
shape was oval and dorso-ventrally flattened. Descrip­
tive material can be found in Schmidt (1986). Encysted
trypanorhynch cestodes, found in the U.S. part of the

study and not identified, showed round calcareous
corpuscles and tentacles with rows of hooks (Fig. 4E).

Discussion

An earlier study by Boyar and Perkins (MS 1971)
presented data on larval nematode infections of
herring between 1962 and 1969 in four areas: Georges
Bank, western Gulf of Maine, eastern Gulf of Maine and
Nova Scotia. The larval nematodes were not identified
to species and were all presumed to be Anisakis. The
present study gave results similar to those of Boyar and
Perkins (MS 1971) where prevalence increased with
age and fish caught off Nova Scotia consistently
showed higher infections than those from other areas.
This clearly indicate's that intermixing between popu­
lations was limited. Differences between the 1962-69
data and present data include: Georges Bank samples
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could no longer be obtained due to stock collapse;
eastern Gulf of Maine no longer showed higher preval­
ences than western Gulf of Maine; incidences in gen­
eral were lower than in earlier years; and the difference
between samples from Nova Scotia and from other
areas was greater in this study than in the earlier work.

Stobo (MS 1982) reported that some of the herring
tagged off Southwest Nova Scotia in 1974 and 1977
moved west and south in the winter with tags recovered
from the fishery in Massachusetts Bay and from south
of Cape Cod. Fish from the 1974 tagging were primarily
in prespawning condition, stage V, while in 1977 stage
VI, or actually spawning fish, predominated. A greater
proportion of the tagged fish moved west in the 1974
study than in the 1977 study. This led Stobo (MS 1982)
to conclude: "The differing results of the two studies, in
conjunction with the information on stage of sexual
maturity, has led to the hypothesis that during the
feeding and prespawning period, the Bay of Fundy has
a large admixture of Gulf of Maine and Scotian Shelf
stocks. As the fish near the 'ripe and running' sexual
maturity stage they begin to segregate. The Gulf of
Maine herring move westward towards their spawning
grounds. The Subdivision 4WX herring stay in the
Southwest Nova Scotia area to spawn, and subse­
quently move eastward to overwinter. The fact that a
proportion of the fish tagged in 1977 still moved west­
ward may mean that Gulf of Maine fish were still in the
area at time of spawning for Southwest Nova Scotia
fish, and further illustrates the complexity of the stock
interrelationships." In contrast to this theory, the Uni­
ted States Herring Management Plan (NEFMC, 1978)
assumed that up to 50% of the Southwest Nova Scotia
stock overwintered in U.S. waters. Similarly, the New
England States Regional Herring Management Plan
(Anon., 1983) indicated 40%.

The present study of herring parasites supports
Stobo's (MS 1982) theory. Southwest Nova Scotia
spawners are characterized by a high prevalence of A.
simplex (46%, see Table 3). Jeffreys Ledge spawners
have a low prevalence (16%). Prevalences in all sam­
ples from the Maine and South of Cape Cod areas were
similar to that for Jeffreys Ledge spawners (when dif­
ferences in size and age are taken into account) even
though these were collected mainly in autumn and
winter. If a large proportion of the Southwest Nova
Scotia spawning stock (which is the larger of the two)
overwintered to the south, winter prevalence should be
higher than that of Jeffreys Ledge spawners.

Tagging data indicated that herring move along
the Maine coast and into the Bay of Fundy (mainly on
the New Brunswick side) during summer and autumn.
A. simplex prevalence in the Bay of Fundy was highest
in winter (35%), and the lower prevalence at other times
of the year is consistent with a summer migration of

fish with low infections up the Maine coast. Parasite
prevalence in Southwest Nova Scotia samples is about
the same as that characterizing Southwest Nova Scotia
spawners (46%) when differences in size and age are
considered, and the data give little indication of a sea­
sonal influx of fish with low infections. However, sam­
ple sizes were small and may have been inadequate to
detect such an influx.

Tagging experiments and use of parasites as indi­
cators of movement are both subject to a number of
drawbacks (Sindermann, 1979). However, both
methods of studying herring movements gain substan­
tially in value and reliability when used together. The
low cost information provided by certain herring par­
asites can be used to support results of tagging experi­
ments which are costly, subject to low percentages of
returns, and may be beset by numerous technical
problems (difficulty in tagging from purse seiners, the
differential mortality of tagged individuals, tempera­
tures too cold, dependence on commercial fishery).
Conversely, returns from tagging experiments can be
used to support or refute proposed patterns of herring
movement based on parasite indicators.

Routine examination of A. simplex could be incor­
porated easily into existing biological monitoring pro­
grams. A yearly baseline study of spawning fish in each
area (Jeffreys Ledge and Southwest Nova Scotia)
would establish current prevalences. This knowledge
could then be used when examining samples from
fisheries at other than spawning times to determine
possible associations with the two major spawning
stocks. Such information would be useful for manage­
ment purposes, both for determining if and when the
Southwest Nova Scotia stock is present in other areas,
and if and when the Jeffreys Ledge stock is present in
summer feeding concentrations in Canadian waters.
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