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Geographical variations in infection by larval
Anisakis simplex and Contracaecum osculatum
(Nematoda, Anisakidae) in walleye pollock
Theragra chalcogramma stocks off Hokkaido, Japan

Kenyr KONISHI* AND YasuNoRri SAKURAI

Graduate School of Fisheries Science, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

ABSTRACT: Stocks of walleye pollock Theragra chalcogramma collected from: (i) the Sea of Japan
(off Rebun Island and Kumaishi); (ii) the Pacific coast (off Shikabe and eastern Hokkaido); and (iii)
Nemuro Strait off Hokkaido, northern Japan, were examined for anisakid nematodes during Decem-
ber 1999 to February 2000, and the prevalence and abundance of Anisakis simplex and Contra-
caecum osculatum larvae were compared among the various sampling sites for fish of the same size
and age. Anisakis simplex was generally more abundant than C. osculatum. Infection by A. simplex
varied between the aforementioned stocks of walleye pollock as well as within stocks, whereby fish
from off Rebun Island and Nemuro Strait were infected the most, followed by those from off the Pacific
coast and Kumaishi. Infection by C. osculatum differed between the host stocks, and C. osculatum
was the most abundant among the fish from Nemuro Strait. The infection variations seemed to be
due to differences in host growth rate, host feeding habit, and the distribution of marine mammal final
hosts. The results indicate that these two larval nematodes are useful biological indicators for the

population study of walleye pollock in Japanese waters.

KEY WORDS: Anisakidae, Anisakis simplex, Contracaecum osculatum, geographic
variation, Nematoda, Theragra chalcogramma, walleye pollock.

INTRODUCTION

Walleye pollock Theragra chalcogramma is one of
the most abundant and commercially exploited
fish species around northern Japan, where it
occurs at bottom or midwater depths above the
continental shelf and slope.'? Because walleye
pollock is distributed broadly in the North Pacific,
understanding the distinctiveness between popu-
lations is important for the successful manage-
ment of walleye pollock fisheries.* Walleye pollock
in Japanese waters is generally divided into several
stocks (Sea of Japan, Pacific coast, Sea of Okhotsk
and Nemuro Strait), based on tagging surveys,
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morphometrics and meristics."*” However, the
distribution of walleye pollock changes annually in
relation to environmental factors;? therefore, more
detailed information on the populations that form
these stocks and on their migration routes has
become increasingly important.

Many different methods should be used to
increase the efficiency and accuracy of fish popu-
lation studies, and parasitological analyses of
marine fishes can provide useful information on
the ecology of a host species.®** The advantage of
such a method is that it is inexpensive and does not
require the recapturing of the same individuals,
unlike conventional artificial tagging.'* The basic
principle of the method is based on the fact that
the infection rate of parasites varies among their
host populations depending on feeding habits,
migration routes or growth rates.

Several attempts have been made to define
stocks and determine the migration routes of
walleye pollock in Canadian and Russian waters
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Anisakids of walleye pollock

using parasites.**!'* Larval anisakid nematodes,
such as the whaleworm Anisakis simplex
(Rudolphi, 1809) and Contracaecum osculatum
(Rudolphi, 1802), are transported by crustaceans to
fishes and squids as paratenic hosts and finally
ingested by marine mammal definitive hosts.'**
Their third-stage larvae commonly occur in the
viscera of walleye pollock.?>** Because the feeding
habits of walleye pollock vary geographically in
Japanese waters,”™ differences in the abundance
of anisakid larvae in walleye pollock can be used to
define the stocks or their feeding locations. Previ-
ous ecologic surveys of anisakid nematodes from
walleye pollock in Japanese waters have shown a
broad variation of infection among sampling
sites.?*?"*® However, the walleye pollock examined
in these studies were collected throughout the year
including summer, when various walleye pollock
stocks sometimes mix at feeding grounds.” Thus,
these data can not be used to compare stocks. In
addition, ecologic surveys of anisakid larvae in
walleye pollock have not been carried out for more
than two decades.

The aim of the present study was to elucidate
the geographic variation in the prevalence and
abundance of A. simplex and C. osculatum larvae
in different walleye pollock stocks off Hokkaido,
Japan in winter when the stocks separate into their
respective spawning areas.

MATERIALS AND METHODS
Sampling

Walleye pollock were collected at five sites (Rebun
Island, Kumaishi, Shikabe, Nemuro Strait, and
eastern Hokkaido) off Hokkaido, Japan from
December 1999 to February 2000 (Fig. 1). The col-
lection comprised walleye pollock from three
stocks: (i) Sea of Japan (Rebun Island and
Kumaishi); (ii) Pacific coast (Shikabe and eastern
Hokkaido); and (iii) Nemuro Strait. Fish from off
Rebun Island, Kumaishi, Shikabe and in Nemuro
Strait were collected from commercial catches,
and fish from off eastern Hokkaido were collected
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by the Hokkaido National Fisheries Research Insti-
tute (HNFRI) using bottom or midwater trawls
(Table 1).

Treatment of samples

The fish samples were either frozen immediately
after collection, brought to the laboratory and then
thawed at room temperature for later examination,
or dissected within 24 h after collection. The fish
were sexed and measured to the nearest milli-
meter from the tip of the snout to the fork of the
caudal fin, and otoliths from each specimen were
removed for age determination. The otoliths were
examined by the HNFRI, the Hokkaido Fisheries
Experimental Station (FHES), or by KK to assess
each specimen’s age using the break and burn
method.” The fish were then divided into both 1-
year age classes and 25-mm length classes. Fish
smaller than 300 mm were not included in the
analyses. Anisakis simplex (L3), which had been
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Fig.1 Map of Hokkaido, northern Japan showing five
sites where walleye pollock Theragra chalcogramma
were collected.

Table1l General information on walleye pollock (Theragra chalcogramma) collected off the coast of Hokkaido, Japan

Sampling areas Sampling dates N Fishing gear Mean length with range (mm)
Rebun Is. Jan/2000 131 Trawl net 446.1 (371-582)
Kumaishi Dec/1999 100 Longline 396.5 (325-491)
Shikabe Jan/2000 100 Gill net 429.6 (372-495)
East. Hokkaido Jan/2000 423 Trawl net 371.6 (300-538)
Nemuro Strait Feb/2000 197 Gill net 468.0 (360-622)
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described as Anisakis type I larva,*?! and Contra-
caecum osculatum (L3), which had been described
as Contracaecum type A*' or type B,* were removed
from the fish mesenteries, pyloric caeca and livers,
and were counted.

Numerical analyses and statistics

Nematode infections were compared among the
same length classes and age classes from different
stocks. ‘Prevalence’ was defined as the percentage
of infected hosts, and ‘abundance’ was defined as
the number of parasites per host.** Because growth
rates differ among walleye pollock stocks** (Fig.
2), prevalence and abundance were analysed for
both host length classes and age classes. Walleye
pollock from each sampling site had different
length distributions, probably due to the differ-
ences in fishing gears; therefore, statistical tests
were conducted on data from three length classes
(400-424mm, 425-449mm, 450-474mm) and
from fish aged 4-7 years.

As the frequency distributions of abundance
data were positively skewed, these data were
logo(x+1) transformed to bring the data closer to
normal distributions for parametric analyses.**
Because of the fact that there are differences in the
infection of anisakid larvae between male and
female fish,?* the abundance of the two larval
nematodes in males and female hosts were com-
pared in the 400-424 mm length class and in the
age 4 class using Student’s t-test. To compare the
abundances among sampling stations for the same
length classes and age classes, a one-way ANOVA
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Fig.2 Age-length relationships for walleye pollock
(Theragra chalcogramma) collected at five sites off
Hokkaido, northern Japan.
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and a post-hoc Tukey'’s test were used. The signifi-
cance of the relationships between nematode
abundance and host length or age classes were
tested using Kendall’s rank correlation test. For the
correlation analyses between larval abundances
and host age, walleye pollock from off Shikabe and
eastern Hokkaido were not included because of
their small sample sizes.

RESULTS

Comparison of larval nematode abundance
between host sexes

No significant difference in the nematode abun-
dance was found between the host sexes in the
400-424-mm length class for both Anisakis simplex
(¢=1.15, d.f.=105, P=0.25) and Contracaecum
osculatum (¢=1.40, d.f. =105, P=0.16). In contrast,
nematode abundances differed significantly
between age 4 male and female walleye pollock for
A. simplex (t=2.05, d.f.=204, P<0.05), but not for
C. osculatum (t=-0.65, d.f.=204, P=0.16). There-
fore, data from male and female hosts were sepa-
rated to compare A. simplex abundance among
sampling sites according to host age. Male and
female data were combined for all other analyses.

Anisakis simplex larvae in walleye pollock

The prevalence of A. simplexwas high (>80%) in all
host length classes at all sampling sites, except off
Kumaishi in the 400-424-mm length class (Table
2). The abundance of A. simplex differed signifi-
cantly among sampling sites (F=7.79, d.f.=4, P=
0.0001), and the fish from Kumaishi were signifi-
cantly less abundant than those from the other
four sites in the 400-424-mm length class (Table 2).
However, no significant difference in abundance
was found among sampling sites in the 425-449-
mm length class (F=1.791, d.f.=4, P=0.1324). The
abundance of A. simplex in the 450-4740-mm
length class differed significantly among sampling
sites (F=5.54, d.f.=3, P=0.01), and the fish from off
eastern Hokkaido were significantly less abundant
than those from off Rebun Island, Shikabe and
Nemuro Strait (Table 2). Abundance in fish from off
Kumaishi was lowest for all host age classes (Fig. 3).

The mean abundance of A. simplex larvae was
correlated significantly with host size from off
Rebun Island, Kumaishi and Nemuro Strait (z=
0.90, P=0.001; 7=0.71, P=0.05; 7=0.71, P=0.05,
respectively). Those were also correlated signifi-
cantly with the host age only for female walleye
pollock from off Rebun Island, Kumaishi and
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Previous studies on A. simplex in walleye
pollock?*?' have shown similar results concerning
such interstock variations. Walleye pollock from off
Rebun Island and Nemuro Strait were generally
higher in both the abundance and prevalence of
A. simplex compared with those from the other
sites, and the fish from the Pacific coast (off
Shikabe and eastern Hokkaido) were generally
higher than those from off Kumaishi. Furthermore,
the abundance of A. simplex larvae in larger
walleye pollock differed significantly between the
two sites off the Pacific coast of Hokkaido (Shikabe
and eastern Hokkaido).

Variation in the nematode abundance in walleye
pollock among sampling sites was similar to that in
the prey composition among and within walleye
pollock stocks. Infection by A. simplex occurs when
walleye pollock feeds on infected prey. Euphausi-
ids are a major crustacean host of A. simplex,'**"*
thus the intensity of predation on euphausiids may
be an important factor that determines infection
levels. Walleye pollock that spawn in Nemuro Strait
migrate to the Sea of Okhotsk to feed,”* and
euphausiids are the dominant prey of walleye
pollock in the Sea of Okhotsk off Hokkaido.”
Walleye pollock off the Pacific coast of Hokkaido
feed on many prey items according to their devel-
opment stage; that is, small walleye pollock in this
area feed mainly on euphausiids, copepods and
amphipods, whereas larger walleye pollock are
more piscivorous and feed on larger prey (e.g.
micronektonic fishes and small walleye pollock), in
addition to the aforementioned crustaceans.??%*
In the Sea of Japan off northern Hokkaido, walleye
pollock feed mainly on euphausiids,® whereas
in the Sea of Japan off southern Hokkaido coast,
they feed mainly on amphipods, chaetognaths
and euphausiids.”” Thus, a high consumption of
euphausiids by walleye pollock is an important
factor causing the high infection rates of A
simplex.

Geographical variation in infection by A. simplex
within the Sea of Japan off Hokkaido (off Rebun
and Kumaishi) seems to be related to the difference
in the growth rate of walleye pollock. Kooka has
reported that walleye pollock in the Sea of Japan
off southern Hokkaido have a low growth rate;”
hence, the low infection rate in the host from
Kumaishi may be associated with the lower feeding
rates in this area.

Infection in larger walleye pollock (450-
474 mm) from eastern Hokkaido was also low, and
this is presumably caused not by a low feeding rate,
but by small-scale variations in the migration and
spawning area within the Pacific stock. The Pacific
stock has a large spawning ground near Shikabe,
and most of the mature walleye pollock from the
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Pacific coast of Hokkaido migrate to that spawning
ground in winter.** However, some walleye pollock
spawn along the coast of eastern Hokkaido.* Most
walleye pollock in the 450-474 mm length class
have reached the size of sexual maturity;' hence,
the difference in nematode abundance in larger
walleye pollock between Shikabe and eastern
Hokkaido was probably more distinct in larger fish
than in smaller fish, suggesting that walleye
pollock from Shikabe have different feeding
grounds as well as spawning areas from fish from
eastern Hokkaido, which could be the cause of
the different infection levels of walleye pollock
between these localities.

The distribution of the definitive hosts of A.
simplex may also influence the infection in walleye
pollock. Anmisakis simplex matures and releases
eggs into seawater when it occurs in its definitive
host.' Thus, the distribution of its definitive
hosts will largely determine the area where A.
simplex larvae occur. The major definitive hosts of
A. simplex are cetaceans,* and minke whale Bal-
aenoptera acutorostrata is one of the major defini-
tive host species in the north-west North Pacific.*
Northern North Pacific minke whales occur mainly
off the coast of northern Japan in summer,*
including the areas studied in the present report.
However, A. simplex appears to exhibit little host
specificity,***' so how other cetacean species affect
the infection by A. simplex in walleye pollock
remains unknown.

The abundance of A. simplex in walleye pollock
increased significantly with both length and age of
female hosts. A similar increase in the abundance
of A. simplex in relation to host size has been
reported in rockfish Sebastes capensis’* and in
Atlantic cod Gadus morhua.* As A. simplex larvae
seem to live at least 2 or 3 years in host fish,%**
older fish are usually more heavily infected by
larvae than younger ones. Higher consumption
rates by older (larger) fish also increase the chance
for infection by A. simplex. In contrast, the abun-
dance of larvae was not correlated with the age of
male walleye pollock. Hemmingsen et al. have sug-
gested that differences in infection of anisakid
larvae between male and female Atlantic cod were
caused by differences in their feeding habits.?
However, such differences have not yet been
reported in walleye pollock.

The results of the present study show that A.
simplex can be used as a biological indicator of
walleye pollock. Abundances of A. simplex can be
used to divide some previously defined walleye
pollock stocks, and used to divide the Sea of Japan
and Pacific stocks into at least two respective
substocks. These substocks probably have differ-
ent feeding areas and migration routes.
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Geographical distribution of Contracaecum
osculatum in walleye pollock

Infection by C. osculatum differed among walleye
pollock stocks, and the highest infection by C. oscu-
latum larvae was seen in the hosts from Nemuro
Strait for all length and age classes.

Contracaecum osculatum matures in the stom-
achs of pinniped definitive hosts and releases eggs
into seawater with the pinniped feces.® Hatched
larvae are then ingested by crustaceans and passed
on to fishes, and finally transmitted to their de-
finitive hosts."® Larval C. osculatum occur in
euphausiids® and copepods.'® Although euphausi-
ids and copepods are both preyed upon by walleye
pollock from all the sites studied,®*"* the present
study’s results showed heavy infection occurred
only in walleye pollock from Nemuro Strait. Boily
and Marcogliese have stated that the distribution
of definitive hosts could strongly reflect the occur-
rence of C. osculatum.® In Japanese waters, the
definitive hosts of C. osculatum include Steller sea
lions Eumetopias jubatus, northern fur seals Cal-
lorhinus ursinus, spotted seals Phoca largha, and
ribbon seals P, fasciata.® All are abundant in Japa-
nese waters, but in species other than ribbon seals,
few larvae mature to adulthood® (Takahashi
C., pers. comm., 1999). Ribbon seal occurs only in
the Sea of Okhotsk,® where it is commonly infected
by C. osculatum.® Thus, the distribution of ribbon
seal presumably affects the infection of C. oscula-
tum in walleye pollock. As noted earlier, the
Nemuro Strait walleye pollock stock feed in the Sea
of Okhotsk, therefore the infection of the fish in
this stock probably occurred in the Sea of Okhotsk.
The abundance of C. osculatum was correlated sig-
nificantly with walleye pollock length, but not with
the host age for all stocks except the Nemuro Strait
stock. This suggests that the abundance of C. oscu-
latum in walleye pollock was affected only by the
amount of prey consumed by fish because para-
sites with a shorter life span in the host will not
reflect long-time fluctuations of abundance.
Walleye pollock in Nemuro Strait feed mainly on
euphausiids irrespective of their length; therefore,
the higher consumption rates by larger fish
increase the chance for infection by C. osculatum
in Nemuro Strait.

the study’s results indicate that infection by C.
osculatum can be used to divide previously defined
walleye pollock stocks, although within-stock vari-
ation was not found. The Nemuro Strait stock was
characterized distinctly by the high abundance of
C. osculatum. Thus, the present study showed dif-
ferent infection patterns between A. simplex and
C. osculatum from some walleye pollock stocks
around Hokkaido, indicating that the two larval

K Konishi and Y Sakurai

nematodes are both useful biological indicators for
population studies of walleye pollock in Japanese
waters. -
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