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ABSTRACT

The investigations on parasites and epizoits of the western North Pacific minke
whales were carried out during JARPN surveys from 1994 to 1999. Data from a total
of 498 whales examined were summarized and analyzed to determine the migrants from
the Sea of Japan (J-stock) in the Sea of Okhotsk and to differentiate a currently
proposed stock (W-stock) from the western North Pacific population (O-stock).
Analyses were made mainly by comparisons of the occurrences of parasites
(prevalence) and the frequency distributions of numbers of parasites (intensity) for three
species, Lecithodesmus goliath (Trematoda), Anisakis simplex (Nematoda) and Pennella
balaenoptera (Copepoda). The mitochondrial DNA haplotypes were also referred to
interpret the result. J-stock whales are characterized by a low prevalence P.
balaenoptera. W-stock could not be differentiated from O-stock because no area-



specific parasite was found and regional differences in prevalence and intensity of
parasites were not so large to identify W-stock.

INTRODUCTION

The investigations on parasites and epizoits of the western North Pacific minke
whales (Balaenoptera acutorostrata) were carried out during JARPN surveys from
1994 to 1999 (Fujise et al., 1995, 1996, 1997, 2000; Ishikawa et al., 1997; Zenitani et
al., 1999). As an initial step of the investigation, we reported an important role of
minke whales as final hosts of the stomach nematode, Anisakis simplex, final hosts of
which had been believed to be small cetaceans (Kagei et al., 1967), on the high seas of
the western North Pacific (sub-area 9) by using samples obtained in JARPN 1994
(Kuramochi ef al., 1996). Sequentially, we represented the first report of the parasite
fauna of the western North Pacific minke whales caught in sub-area 9 in JARPN 1995
(Araki ez al., 1997) because only limited faunal information had been available (e.g.,
Kamo et al., 1969, 1980; Yamaguti, 1939, 1941). Moreover, in JARPN 1996, the
faunal study areas covered the offshore and coastal waters of the western North Pacific
(sub-areas 8 and 7W, respectively) and the southern Sea of Okhotsk (sub-area 11) and
we described the histopathological changes due to parasite infestation (Uchida et al.,
1998).

The object of JARPN surveys is to analyze the stock structure of the western North
Pacific minke whales using several different methods. Parasites contain potential
utility as biological indicators and have been used for stock identification of aquatic
organisms (MacKenzie, 1987; Pascal and Hochberg, 1996; Nagasawa er al., 1998).
Also in case of marine mammals, several parasites have been used as stock indicators of
cetaceans (Walker, 1981, 1987, 1990; Mead and Potter, 1990; Dailey and Vogelvein,
1991; Balbuena er al., 1995). A total of 498 minke whales from both the western
North Pacific and the southern Sea of Okhotsk were examined during JARPN surveys
in 1994-1999 and data on the occurrence of the parasites and epizoits were accumulated.
We herein summarize the parasitological data and try to find useful parasites or epizoits
as biological indicators for stock structure analysis of the western North Pacific minke
whales.

For the western North Pacific minke whales, two distinct populations occurring
each in the western North Pacific Ocean and the Sea of Okhotsk (O-stock) and in the
Sea of Japan (J-stock) have been hypothesized. For the latter stock, Goto and Pastene
(1997) revealed that some minke whales migrate from the Sea of Japan into the Sea of
Okhotsk based on haplotype analyses using the mitochondrial DNA (mtDNA) control
region. Moreover, a new stock, namely W-stock occurring on the high seas of the
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western North Pacific, has been currently proposed (IWC, 1994a). Based on these
backgrounds, in the present paper, we focus on both identification of J-stock whales in
the Sea of Okhotsk and detection of W-stock in the offshore western North Pacific by
using parasites and epizoits.

MATERIALS AND METHODS

After a preliminary JARPN survey in 1994, three of the authors (JA, AU and TK)
were engaged in an extensive survey on the parasites and epizoits on board the mother
ship during JARPN surveys in 1995-1997 with co-operation of the researchers of the
Institute of Cetacean Research (ICR). Methods used for parasitological examination
were described by Araki ef al. (1997). In 1998 and 1999 surveys, ICR researchers
conducted both data collections and samplings of voucher specimens based on a manual
described by one of the authors (KN). In brief, the whole body surface of whales was
examined for ecto- and mesoparasites and epizoits; every stomach chamber was
examined for recording the occurrence of stomach nematodes; bile ducts were observed
for trematodes by slicing the liver in 10 cm thickness; a 1.5-m portion of the small
intestine was collected from both ends and opened to detect cestodes and
acanthocephalans, which were also searched when the internal surface of the small
intestine was turned outside for making the food product (hyakuhiro). Parasitological
examinations were carried out by the naked eyes. Counting for mesoparasites were
made throughout the surveys except for 1994. Liver flukes were also counted in 1995,
1996 and 1997. The stomach nematodes for numerical analyses were collected in
1995, 1997 and 1999.

Data sets from a total of 498 minke whales were grouped by the following manner
and expressed as prevalence (percentage of hosts infected with given parasite or epizoit),
intensity (number of parasites or epizoits in a single host) and mean intensity (average
number of parasites or epizoits per infected hosts) as described by Margolis et al. (1982).
First, these data were divided by sub-area, such as 7W, 7E, 8, 9 and 11 (IWC, 1994b),
and prevalences were compared to find parasites and epizoits which show approximate
regional differences. Second, reproductive conditions of the minke whales examined
were considered for analysis to rule out host-age related differences in prevalence.
Data on the sexual maturity of each minke whale were supplied from ICR.
Prevalences were compared between immature and mature whales by sex and by sub-
area. If some differences were found, mature male whales were used for further
analysis because mature males were most abundantly sampled. Third, differences in
prevalence between survey months and years were examined by sub-area. If no
difference was found, they were combined to determine prevalence for each sub-area,



which was used for further analysis. In addition, intensity data were also used for
analysis when available. For study of J-stock whales, the results given by Goto et al.
(2000) was referred to. They represented a cluster of minke whales, which possibly
had migrated from the Sea of Japan into the southern Sea of Okhotsk (sub-area 11),
determined by the mtDNA control region sequences. Comparisons in prevalence ware
made by sub-area for O-stock whales to examine whether W-stock is actually present.
Prevalence was statistically compared by using Fisher's exact probability test (p=0.05)
when sample size was small, and chi-square test for larger sample size.

RESULTS

Prevalence and mean intensity of parasites and epizoits obtained from the
western North Pacific minke whales during JARPN surveys from 1994 to 1999 are
summarized in Table 1. As previously reported by Araki ef al. (1997) and Uchida ef al.
(1998), six species of endoparasites, Lecithodesmus goliath van Beneden (Digenea:
Camplidae), Diphyllobotrium macroovatum Jurachno, 1973, Diplogonoporus
balaenopterae Lonnberg, 1892 (Cestoda: Diphyllobothriidae), Tetrabothrius sp.
(Cestoda: Tetrabothriidae), Anisakis simplex (Rudolphi, 1809)(Nematoda: Anisakidae)
and Bolbosoma nipponicum Yamaguti, 1939 (Acanthocephala: Polymorphidae), one
mesoparasite, Pennella balaenoptera Koren and Danielssen, 1877 (Copepoda:
Pennellidae), one ectoparasite, Cyamus balaenopterae Barnard, 1931 (Amphipoda:
Cyamidae) and two epizoits, Conchoderma virgatum Spengler, 1790 (Cirripedia:
Lepadidae) and Xenobalanus globicipitis Steenstrup, 1851 (Cirripedia: Balanidae) were
found in or on minke whales from the western North Pacific and the southern Sea of
Okhotsk. No area-specific parasite or epizoit showing a high prevalence was found.
Prevalence of L. goliath found in the bile ducts and P. balaenoptera on the body surface
somewhat differed among sub-areas (37.1-81.3% for L. goliath and 65.0-79.7% for P.
balaenoptera). Although A. simplex and B. nipponicum showed high prevalence
(almost 100%) in all sub-areas, prevalence of A. simplex was 76.7% for sub-area 11 in
1996, Prevalence of cestodes (three species combined), C. balaenopterae, C. virgatum
and X. globicipitis were too low to analyze. Thus, data on three species (i.e., L. goliath,
A. simplex and P. balaenoptera) were used in the following analyses. Catch localities
of minke whales and occurrence of these parasites are shown in Figs. 1-3.

Consideration of host maturity and preparation of prevalence data by sub-area

Prevalence of L. goliath was higher in mature whales (45.5-91.2% for males and
33.3-100% for females) than in immature ones (0-35.7% for males and 0-80% for



females) in almost all sub-areas. Significant difference was mainly found in males,
while sample size was small for females. Therefore, we use mature males for analysis
of prevalence of L. goliath.

Similarly, prevalence of P. balaenoptera was higher in mature males (61.9-80.0%)
than in immature ones (20.0-63.6%), although the difference was not significant, except
for sub-area 8. In females, prevalence varied due to small sample size, but it was very
low in both mature and immature whales in sub-area 11 (25.0% for immatures and
19.1% for matures) and sub-area 9 (36.4% for immatures and 38.5% for matures),
where relatively large number of females were obtained. Then, we tentatively used
mature males for analysis of prevalence of P. balaenoptera.

Comparisons in monthly prevalence were made using data from mature males by
survey year and by sub-area, but no significant differences were found in any case for
both L. goliath and P. balaenoptera (data not shown). Prevalence was thus combined
by year and compared again by sub-area to represent regional data, and significant
differences were found among annual data in sub-areas 8 and 9 for L. goliath and sub-
areas 8 and 11 for P. balaenoptera. In these cases, annual prevalence from each sub-
area was not combined and used for analysis independently.

As mentioned above, prevalence of A. simplex was almost 100% except for sub-area
11 in 1996. Therefore, analysis was slightly different. During JARPN surveys from
1994 to 1999, 14 minke whales were found uninfested by A. simplex (one from both
sub-area 7W and 8, four from sub-area 9 and eight from sub-area 11). These whales
included only two immature whales, which were not infested by only A. simplex nor
also other parasites and epizoits, and were caught in May 1997 in southern portion of
sub-area 9. The remaining 12 whales composed of nine mature males and three
mature females. Intensity of A. simplex was available from 29 whales (four from sub-
area 9 in 1995 [Araki ef al., 1996], one from sub-area 7E, 12 from sub-area 8, four from
sub-area 9 in 1997, and 16 from sub-area 11 in 1999). These whales composed of
three immature and 18 mature males and one immature and eight mature females.
They were used for analyses irrespective of maturity and sex because of small sample
size.

Analyses for J-stock in sub-area 11

The minke whales obtained from sub-area 11 were divided into two groups, i.e.
assumed migrants from the Sea of Japan (J-stock) and those from the western North
Pacific population (O-stock) based on the results given by Goto et al. (2000). The
composition of sex and maturity of J-stock whales was 12 males and 10 females as
mature animals and one male and two females as immature animals. Because of their



larger numbers, only mature males and females were used for comparison.

Prevalences of L. goliath in mature males and females from J-stock were 81.8%
(N=11) and 50.0% (N=10), respectively, and those from O-stock were 83.9% (N=31)
and 90.9% (N=11), respectively. No significant difference was found between whales
from both stocks, even though mature males and females of each stock were combined.

On the contrary, prevalence of P. balaenoptera in the assumed migrants from J-
stock was strkingly low. Twenty-four whales were found unminfected with P.
balanoeptera irrespective of maturity and sex (except for one mature male caught in
1996) and overall prevalence was quite low (4.0%) in contrast to that (60.0%) for O-
stock. Of Pennellai—uninfected minke whales collected from sub-area 11, 64.7% of
mature males (N=17) and 58.8% of mature females (N=17) were assumed to have come
from J-stock. Goto et al. (2000) assumed that migrants form J-stock to sub-area 11
had been dominated by mature males for 1996 and by mature females for 1999. This
assumption well corresponds to our finding that prevalence in sub-area 11 was lower in
1996 (41.2%) than in 1999 (76.0%), when we compared prevalence in mature males
before separating both stocks. Therefore, prevalence in whales of O-stock from sub-
area 11 was calculated again after excluding those whales that were assumed to have
come from J-stock. For 1996 and 1999, 60.0% (N=10) and 90.5% (N=21) were
recorded from mature males, and 50% (N=6) and 20% (N=5) from mature females,
respectively. This difference between 1996 and 1999 was not significant in both
mature males and females. These results were used in the following analysis.

As in sub-area 11 seven whales (five mature males and two mature females) were
not infested by A. simplex in 1996, a low prevalence of 70.8% was recorded for mature
animals {(both sexes combined), in contrast to almost 100% in the western North Pacific
sub-areas. However, only one uninfested whale was taken from sub-area 11 in 1999,
and prevalence was recorded as 97.6%. These eight infested whales were divided into
two, namely the putative migrants each from J-stock and O-stock. To define the
whales from J-stock, intensity data on A. simplex were used. The number of worms
from 17 whales obtained from the western North Pacific sub-areas in 1997 was summed
by each stomach chamber (i.e., forestomach, fundic chamber, pyloric chamber and
duodenal ampulla [Olsen et al., 1994]) and was estimated as 1,253, 34,770, 4,036 and
162, respectively. Therefore, 86.4% of worms were found in the fundic chamber.
Also prevalence in the fundic chamber was higher (96.5%) than in other sites (45.1%
for the forestomach, 62.5% for the pyloric chamber, 33.1% for the duodenal ampulla)
when data from all minke whales examined were combined. Thus, intensity in the
fundic chamber was used for comparison. Intensity of A. simplex in the fundic
chamber of 37 whales examined was plotted using the latitude of catch locality of
whales for X-axis (Fig. 4). There was no tendency to isolate the J-stock derivatives



from the members of O-stock. Moreover, intensities were fitted in a significant simple
regression line (p<0.05), indicating that whales caught in more northerly areas show
higher intensity, although the regression coefficient was low (r=0.53).

Analyses for separation of W-stock from O-stock

Prevalences of L. goliath in mature males are shown by survey year and sub-area
in Fig. 5, where assumed whales of J-stock were excluded from sub-area 11. As
mentioned above, since annual data in sub-area 8 for 1996, 1997 and 1998 and in sub-
area 9 for 1995 and 1997 showed significant differences by sub-area, these data were
not combined and used for regional comparison in prevalence. Prevalence was
significantly higher (91.2%) in sub-area 7W than in sub-area 8 (64.3% for 1996 and
72.4% for 1997). In sub-area 9, prevalence was low (37.5% for 1995 and 60.5% for
1997) and the values for these years significantly differed from those in all other sub-
areas (82.5% for sub-areas 7W and 7E in 1997 and 1998, 91.4% for sub-area 8 in the
same years, and 83.9% for sub-area 11 in 1996 and 1999 combined). To determine
detailed regional differences in prevalence, the whales were divided by catch localities.
Prevalences are shown for every five degrees of the latitude and longitude in Fig. 6,
where whales assumed to have migrated from J-stock were excluded. Significant
decrease in prevalence was found between regions separated by a line along 155° E,

located in the eastern portion of sub-area 8. When whales were divided into two
groups based on this longitude, there was significant difference in prevalence between
the western (80.3%, N=61) and eastern sides (50.7%, N=146). We then used data on
intensity for analysis, too. A Wilcoxon signed-ranks test was applied to analyze the
frequency distributions of intensity in these two groups (Fig. 7), but it failed to
differentiate them (p=>0.05).

Prevalences of P. balaenoptera are shown by survey year and sub-area in Fig. 8.
When annual data were compared by sub-area, a significant difference was found again
in sub-area 8 (69.0% for 1997 and 94.3% for 1998), as in case of L. goliath. On the
other hand, annual difference found in sub-area 11 was resolved by excluding the
whales from J-stock. Overall prevalences were 70.2%, 90.0%, 79.2% and 80.6% for
sub-areas 7W, 7E, 9 and 11, respectively. Prevalence in sub-area 8 for 1998 was
significantly different from those in sub-areas 7W and 9, but that in sub-area 8 for 1997
was significantly lower than that in sub-area 7E. There was also a significant
difference in prevalence between sub-areas 7W and 7E. Prevalence recorded from
sub-area 11 did not show any difference from those from other sub-areas, and it thus
may be regarded as a baseline of O-stock. Detailed regional comparisons in
prevalence were made by dividing whales for every five degrees of the latitude and



longitude (Fig. 9). Although a slight increase in prevalence was observed from the
coastal to offshore waters at 40-45° N, there was no significant difference in any

combinations. Thus, we tuned back sub-areal comparison and used intensity data for
analysis. Significant difference was found in only two pairs, sub-areas 7W and 7E,
and sub-areas 7W and 9 (Mann-Whiteney's U-test, p<0.05). However, comparisons of
the relative frequency distributions (Fig. 10) did not detect any significant difference
(Wilcoxon signed-ranks test, p>0.05).

DISCUSSION

In this study, no area-specific parasite or epizoit was found. Therefore, we
analyzed prevalence and intensity of three species of parasites, L. goliath, P.
balaenoptera and A. simplex to ensure the migration of J-stock minke whales from O-
stock into sub-area 11 (the southern Sea of Okhotsk) and to differentiate W-stock from
O-stock in the western North Pacific sub-areas. Through haplotype analyses of
mtDNA control region, Goto and Pastene (1997) revealed that two stocks are
genetically differentiated and may mix in the southern Sea of Okhotsk. Furthermore,
these authors succeeded in categorizing major haplotypes of J-stock minke whales into
one cluster and make possible to putatively determine that individuals belong to J-stock
derivative or another (Goto et al., 2000).

Referring to their theory, we first analyzed parasitological data obtained from sub-
area 11. Although L. goliath was not useful to separate these two stocks, P.
balaenoptera showed obvious differences in prevalence between whales from J-stock
and O-stock. Prevalence of this parasite in J-stock was recorded as 4% in this study,
being much lower than 70-90% for O-stock. This mesoparasite is visible on the body
surface of whales and one of the largest parasitic copepods (about 15 c¢m in length).
About 60% of whales that have not been infested with Pennella in sub-area 11 were
regarded as migrant from O-stock, and the absence of this parasite may be useful for
preliminary identification of J-stock, although accuracy is not necessarily high. This
result also supports the hypothesis proposed by Goto et al. (2000). Meanwhile, some
of the clustered major haplotypes of J-stock were exceptionally possessed by a small
number of whales from the western North Pacific sub-areas. The percent occurrence of
such whales was 5% in sub-area 7 and 8 and 1.6% in sub-area 9. These whales
showed approximately the same level of infestation by P. balaenoptera as the others in
these sub-areas, suggesting that they have spent for a relatively long time in the western
North Pacific, although they were born as a member of J-stock.

It was one of our major interests that prevalence of A. simplex in sub-area 11 in
1996 was lower than that in other sub-areas. In 1999, however, it was unexpectedly



almost the same level as that in the western North Pacific sub-areas. Although four of
eight whales without A. simplex infestation were regarded as migrants from J-stock, the
other whales possessed a quite common haplotype which is found in whales from the
western North Pacific. The life cycle of this nematode is documented well (Kgie et al.,
1995; Nagasawa, 1990). A. simplex uses euphausiids as intermediate hosts, and its
infective larvae are accumulated in paratenic hosts, such as fishes and squids feeding on
euphausiids. Minke whales can be parasitized by A. simplex by eating both
intermediate and paratenic hosts, and the rate of infestation appears to be closely related
with food habits of host animals. Minke whales are known to opportunistically
consume euphausiids, squids and fishes in the western North Pacific, but they highly
depend on euphausiids in the southern Sea of Okhotsk (Fujise, 1996, 1997; Tamura,
1998; Tamura et al., 1998). Although food habits of minke whales in the Sea of Japan
are still unknown, we believed that the infestation level of A. simplex should have been
lower in the whales from sub-area 11 because whales from J-stock migrated there. To
elucidate this, we analyzed intensity of A. simplex using data on the count of worms
found in the fundic chamber of 21 O-stock whales caught in the western North Pacific
sub-areas, and 10 O-stock and six J-stock individuals obtained in sub-area 11. The
fundic chamber is known as the main habitat of A. simplex (Uchida et al., 1998) in
contrast to the forestomach in small cetaceans (Kagei ef al., 1967). Intensity in the
whales from sub-area 11 was not actually low and comparable to that from the western
North Pacific sub-aeras. Thus, we failed to divide the whales into stocks by using the
data on A. simplex. This result may suggest that the food-web system utilized by
minke whales is more complex than that in appearance also in sub-area 11.

The existence of W-stock was inquired using L. goliath and P. balaenoptera based
on comparisons of prevalence and the frequency distribution of intensity. Prevalences
of both species in sub-area 8 for 1998 were protruded beyond the other two research
years. Prevalence of L. goliath in sub-area 9 also differed between 1995 and 1997.
These differences probably due to shift in catch localities of whales by year. In sub-
area 8, the research whaling was conducted mainly in more western part in 1998 than in
1996 and 1997. The catch localities of whales in sub-area 9 were more northerly in
1995 than in 1997. Regional differences in prevalence varied, ranging from 37.5% to
91.4%for L. goliath and from 69.0% to 94.3% for P. balaenoptera . Prevalences of L.
goliath were 80.3% and 50.7% in the eastern and western portions divided by a line
155° E, respectively. However, these differences are too small to separate stocks and
seem to be due to differences in abundance of larval stages of these parasites in
intermediate hosts. The life cycles of these parasites are still unknown. However,
marine digeneans in general need marine snails as the first intermediate hosts and use
fishes as the second ones. So far it is known, pennellid copepods also possess two-



host life cycle (Kabata, 1952) and members of the genus Pennella need cephalopods as
intermediate host (Nagasawa et al., 1985). Walker (1990) reported regional variation
in prevalence of Crassicauda sp. (Nematoda: Crassicaudidae) parasitic in Dall's
porpoise (Phocoenoides dalli), recording 31.0% in the Bering Sea, 96.1% in the western
North Pacifc and 100% in the Sea of Okhotsk. However, he neglected this parasite from
the analysis to separate the Bering Sea stock because he thought that the differences in
prevalence were not great. In addition, we compared the regional frequency
distributions of intensity of L. goliath and P. balaenoptera. This method is useful for
regional comparisons when intensity of parasites were available (Nagasawa et al., 1998).
Although we employed non-parametric statistical test due to small sample size, no
regional difference was found for these two parasites. These results suggest that W-
stock cannot be separated from O-stock by L. goliath and P. balaenoptera.

We conclude that P. balaenoptera may be useful] to determine J-stock whales in
the southern Sea of Okhotsk, and that W-stock is not defined by parasites, because no
area-specific parasite was found to differentiate W-stock from O-stock and regional
differences in prevalence and intensity of parasites were not so large to identify W-
stock.

ACKNOWLEDGMENTS

We thank H. Hatanaka, National Research Institute of Fisheries Science, H. Kato,
National Research Institute of Far Seas Fisheries, and Y. Fujise, ICR, for giving us the
opportunity to carry out this work. We also thank T. Kishiro, National Research
Institute of Far Seas Fisheries, and S. Yuzu, T. Shimamoto, T. Hosoyama, A.S.
Krasnenko, T. Bando, R. Zenitani and T. Tamura, ICR, who helped paraistological
surveys on board. Thanks are also due to the captains, crews and researchers of the
research whaling fleet.

REFERENCES

Araki, J., Kuramochi, T., Machida, M., Nagasawa, K. and Uchida, A. 1997. A note on
the parasite fauna of the western North Pacific minke whale (Balaenoptera
acutorostrata). Rep. Int. Whal. Commn., 47: 565-567.

Araki, J., Machida, M., Wakao, H., Kuramochi, T., Nagasawa, K. and Uchida, A. 1996.
Numerical analysation on growth stages of Anisakis simplex (Nematoda: Anisakidae)
from minke whales in the western North Pacific. Jpn. J. Parasitol. 45(5): 455.

Balbuena, J.A., Aznar, F.J., Fernandez, M. and Raga, J.A. 1995, Parasite as indicators
of social structure and stock identity of marine mammals. pp. 133-140. In: Blix, A.S.,

10



Wallge, L. and Ulltang, @. (eds.) Whales, Seals, Fish and Men. Elsevier, Amsterdam.

Dailey, M.D. and Vogelbein, W.K. 1991. Parasite fauna of three species of Antarctic
whales with reference to their use as potential stock indicators. Fish. Bull. 89 (3):
355-365.

Fujise, Y. 1996. Cruise report of the second research whaling of minke whales in the
northwestern North Pacific, 1995. Geiken-Tsuushin 385: 1-8. [in Japanese]

Fujise, Y. 1997. Research whaling of the northwestern north Pacific minke whales in
1996 and a review of the previous results. Geiken-Tsuushin 395: 1-20. [in Japanese]
Fujise, Y., Kishiro, T., Zenitani, R., Matsuoka, K., Kawasaki, M. and Shimamoto, K.
1995. Cruise report of the Japanese Whale Research Program under a Special Permit
for North Pacific Minke Whales in 1994. Paper SC/47/NP3 presented to the IWC

Scientific Committee, May 1995 (unpublished). 29pp.

Fujise, Y., Iwasaki, T., Zenitani, R., Araki, J., Matsuoka, K., Tamura, T., Aono, S.,
Yoshida, T., Hidaka, H., Nibe, T. and Tohyama, D. 1996. Cruise report of the
Japanese Whale Research Program under a Special Permit for North Pacific Minke
Whales in 1995 with the result of a preliminary analysis of data collected. Paper
SC/48/NP13 presented to the IWC Scientific Committee, June 1996 (unpublished).
3%9pp.

Fujise, Y., Shimada, H., Zenitani R., Goto, M., Tamura, T., Lindstrgm, U., Uchida, A.,
Yoshida, H., Shimamoto, K., Yuzu, S., Kasai, H., Kinoshita, T., Iwata, T. and
Toyama, D. 1997. Cruise report of the Japanese Whale Research Program under a
Special Permit in the North Pacific (JARPN) in 1996 with some preliminary analysis
of data collected during the 1994-1996. JARPAN surveys. Paper SC/49/NP8
presented to the IWC Scientific Committee, September 1997 (unpublished). 38pp.

Fujise, Y., Zenitani, R., Tamura, T., Bando, T., Ohtani, S., Takeda, S., Kitajima, A.,
Kimura, T., Masaki, T. and Tohyama, D. 2000. Cruise report of the Japanese Whale
Research Program under Special Permit in the North Pacific (JARPN) in 1999. Paper
will be presented to this meeting.

Goto, M. and Pastene, L.A. 1997. Population structure of the western North Pacific
minke whale based on an RFLP analysis of the mtDNA control region. Rep. Int. Whal.
Commn. 47; 531-536.

Goto, M., Abe, H and Pastene, L.A. 2000. Estimation of the mixing proportion of the 'J'
and 'O’ stocks in the sub-area 11 using uni-and bi-pararel genetic markers. Paper will
be presented to this meeting.

International Whaling Commission. 1994a. Report of the Scientific Committee. Rep. Int.
Whal. Commn. 44:41-201.

International Whaling Commission. 1994a. Report of the Scientific Committee, Annex
G. Repot of the Working group on North Pacific Minke Whale management trials.

11



Rep. Int. Whal, Commn. 44: 120-144.

Ishikawa, H., Yuzu, S., Shimamoto, K., Bando, T., Ohshima, K., Kasai, H., Kinoshita,
T., Mizushima, Y., Iwakami, H., Nibe, T., Hosoyama, T., Kuramochi, T., Numano, K.
and Miyamoto, M. 1997, Cruise report of the Japanese Whale Research Program
under a Special Permit in the North Pacific (JARPN) in 1997. Paper SC/49/NP9
presented to the IWC Scientific Committee, 1997. 28pp.

Kabata, Z. 1992, Copepods Parasitic on Fishes. Synopsis of the British Fauna (New
Series) No. 47 Kermack, D.M., Barnes R.S.K. and Crothers, JH. (eds.). 264pp.
Universal Book Service, Oegstgeest.

Kagei, N., Oshima, T. and Takemura, A. 1967. Surveys of Anisakis spp. (Anisakinae,
Nematoda) on marine mammals in the coast of Japan. Jpn. J. Parasitol. 16(6): 427-
435, [in Japanese]

Kamo, H., Iwata, S., Hatsushika, S. and Maejima J. 1969. Re-examination of the
diplogonadic tapeworm reported formerly from Balaenoptera acutorostrata. Jpn. J.
Farasitol. 18(4): 345. [in Japanese]

Kamo, H., Maejima, J. and Hatsushika, S. 1980. First record of Diphyliobothrium
macroovatum Jurachno, 1973 from minke whale, Balaenoptera acutorostrata
Lacépede, 1804 (Cestoda: Diphyllobothriidae) in Japan. Jpn. J. Parasitol. 29(6): 499-
505. [in Japanese with English abstract]

Kgie, M., Bjgrn, B. and Burt, M.D. B. 1995. Development to third-stage larvae occurs
in the eggs of Anisakis simplex and Pseudoterranova decipiens (Nematoda,
Ascaridoidea, Anisakidae). Can. J. Fish. Aquat. Sci. 52 (Suppl. 1): 134-139.

Kuramochi, T., Machida, M., Araki, J., Uchida, A., Kishiro, T. and Nagasawa, K. 1996.
Minke whales (Balaenoptera acutorostrata) are one of the major final hosts of
Anisakis simplex (Nematoda: Anisakidae) in the northwestern North Pacific Ocean.
Rep. Int. Whal, Commn. 46: 415-419.

MacKenzie, K. 1987. Parasites as indicators of host populations. Int. J. Parasitol. 17:
345-352.

Margolis, L., Esh, G.W., Holmes, J.C., Kuris, A.M. and Scad, G.A. 1982. The use of
ecological terms in parasitology (report of an ad hoc committee of the American
Society of Parasitologist). J. Parasitol. 68: 131-133.

Mead, J.G. and Potter, C.W. 1990. Natural history of bottlenose dolphins along the
central Atlantic coast of the United States. pp. 165-195. In: Leatherwood, S. and
Reeves, R. (eds.)} The Bottlenose Dolphin. Academic Press, San Diego.

Nagasawa, K. 1990. The life cycle of Anisakis simplex: a review. pp. 31-40. In. Ishikura,
H. and Kikuchi, K. (eds.) Intestinal Anisakiasis in Japan. Infected Fish, Sero-
Immnological Diagnosis, and Prevention. Springer-Verlag, Tokyo.

Nagasawa, K., Imai, Y. and Ishida, K. 1985. Distribution, abundance, and effects of

12



Pennella sp. (Copepoda: Pennellidae), parasitic on the saury, Cololabis saira
(Brevoort), in the western North Pacific Ocean and adjacent seas, 1984. Bull.
Biogeogr. Soc. Japan 40(5): 35-42.

Nagasawa, K., Mori, J., and Okamura, H. 1998, Parasites as biological tags of stocks of
neon flying squid (Ommasirephes bartramii) in the North Pacific Ocean. pp. 49-64.
In: Okutani, T. (ed.) Contributed Papers to International Symposium on Large
Pelagic Squids. Japan Marine Fishery Resources Research Center, Tokyo.

Olsen, M.O., Nordgy, E.S., Blix, A.S. and Mathisen, S.D. 1994. Functional anatomy of
the gastrointestinal system of Northerneastern Atlantic minke whales (Balaenoptera
acutorostrata). J. Zool., Lond. 234: 55-74,

Pascal, S. and Hochberg, FG. 1996. Marine parasites as biological tags of cephalopod
hosts. Parasitol. Today 12 (8): 324-327.

Tamura, T. 1998, Food habit of minke whale in the northwestern North Pacific. Geiken-
Tsuushin 400: 5-11. [in Japanese]

Tamura, T., Fujise, Y. and Shimazaki, K. 1998. Diet of minke whales Balaenoptera
acutorostrata in the Northwestern part of the North Pacific in summer, 1994 and
1995. Fish. Sci. 64(1): 71-76.

Uchida, A., Kawakami, Y., Yuzu, S., Kishikawa, S., Kuramochi, T., Araki, J., Machida,
M. and Nagasawa, K. 1998. Prevalence of parasites and histopathology of
parasitization in minke whales (Balaenoptera acutorostrata) from the western North
Pacific Ocean and the southern Okhotsk. Rep. Int. Whal. Commn. 48: 475-479.

Walker, W.A. 1981. Geographical variation in morphology and biology of bottlenose
dolphins (Tursiops) in the eastern North Pacific. National Marine Fisheries Service,
Southwest Fisheries Center, Administrative Report No. LJ-81-03C, 19 pp.

Walker, W.A. 1987. Geographic variation of the parasites Crassicauda (Nematoda) and
Phyllobothrium (Cestoda) in Phocoenoides dalli in the northern North Pacific and
Bering Sea. Document submitted to the meeting on marine mammals, International
North Pacific Fisheries Commission, Tokyo, 17 pp.

Walker, W.A. 1990. Geographic variation of the parasites Crassicauda (Nematoda) and
Phyllobothrium (Cestoda) in Phocoenoides dalli in the northern North Pacific,
Bering and Okhotsk Sea. Paper SC/42/SM16 submitted to the IWC Scientific
Committee. 21 pp.

Yamaguti, S. 1939. Studies on the helminth fauna of Japan. Part 29. Acanthocephala, II.
Japan. J. Zool., 8: 318-351.

Yamaguti, S. 1941. Studies on the helminth fauna of Japan. Part 35. Mammalian
nematodes, II. Japan. J. Zool., 9: 409-439.

Zenitani, R., Fujise, Y., Matsuoka, K., Tamura, T., Bando, T., Ichihashi, H., Shimokawa,
T., Krasnenko, A.S., Taguchi, F., Kinoshita, T., Mori, M., Watanabe, M.,

13



Ichinomiya, D., Nakamura, M., Sakai, K., Matsuzaka, K., Kamei, H. and Tohyama,
D. 1999. Cruise report of the Japanese Whale Research Program under a Special
Permit in the north Pacific in 1998. Paper SC/51/RMP7 presented to the IWC
Scientific Committee, May 1999 (unpublished). 20pp.

14



45° Nf=
50° N

45° N 45" N

40° N 40° N

7 350 NE S-_fL/JZ w 2 35° N
- l I l I

140° E 150° E 160° E 170° E
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Table 1. Prevalence and mean intensity of parasites and epizoits in the northern North Pacific minke whales
examined during JARPN surveys1994-1999 by sub-area, year and month.

Sub- No.of  Lecithod, Anisakis  Bolbo P 1 Cy Conchod, Xenobal

ama Yo Month SRl T o Cestodes U ipponoum  balaenoplera  balaencpiorae  virgatun  globicipitis
i:fzincﬁgv *‘Il:;:a- Prevalence Prevalence  Prevalence inzr:i:ﬂy P;:;i' Prevalence Prevalence Prevalence

TW 1996 Aug, 15 133 100.0 0.0 100.0 100.0 6.8 66.7 6.7 13.3 0.0

Sep. 15 11.4 80.0 6.7 93.3 100.0 222 400 6.7 0.0 6.7

1996 combined 30 124 %0.0 33 96.7 100.0 12,6 533 6.7 6.7 33

1996  Jun. 50 N.E 76.0 82 100.0 58.0 6.5 72.0 2.0 4.0 14.0

combined 3o 12.4 813 6.3 98.7 98.7 84 650 6.3 5.0 8.8

7E 199 Jul. 1 3.0 1000 0.0 100.0 100.0 N.E. 0.0 0.0 0.0 0.0

1997  Jun. 2 6.0 50.0 50.0 100.0 100.0 11.5 100.0 0.0 0.0 0.0

1998 May 56 N.E. 64.3 15.6 100.0 100.0 8.0 804 1.8 1.8 54

combined 59 4.5 64.4 14.1 100.0 100.0 8.1 79.7 1.7 1.7 5.1

8 1996  Jul. 11 33 54.5 0.0 100.0 100.0 128 727 0.0 364 9.1

Aug. 5 5.0 80.0 0.0 100.0 100.0 10.6  100.0 0.0 40,0 0.0

1996 combined 16 4.0 62.5 0.0 100.0 100.0 11.7 813 0.0 375 6.3

1597 Jul, 31 8.1 67.7 17.2 100.0 100.0 18.6 64.5 0.0 3.2 16.1

1698 May 8 N.E. 87.5 12.5 100.0 100.0 163 1000 0.0 0.0 0.0

Jun. 36 N.E 77.8 12.1 97.2 100.0 98 778 0.0 2.8 2.8

1998 combined 44 N.E. 75.0 122 97.7 100.0 113 81.8 0.0 23 2.3

combined 91 7.3 70,3 11.6 98.9 100.0 13.5 75.8 0.0 8.8 7.7

9 1994  TJul. 8 N.E. N.E 0.0 100.0 100.0 N.E. 37.5 25.0 0.0 0.0

Aung. 9 N.E. N.E. 0.0 1030.0 100.0 N.E. 66.7 11.1 0.0 0.0

Sep. 4 N.E. N.E. 0.0 100.0 100.0 N.E. 50.0 25.0 0.0 0.0

1994 combined 21 N.E. N.E. 0.0 100.0 100.0 N.E. 524 15.0 0.0 0.0

1995  Jun. 14 N.E 250 214 100.0 100.0 6.2 85.7 0.0 0.0 0.0

Jul. 61 11.8 45.9 11.5 100.0 100.0 10.3 73.8 4.9 4.9 1.6

Aug. 25 5.7 24.0 24.0 100.0 100.0 9.1 84.0 4,0 0.0 0.0

1995 combined 100 10.0 378 16.0 100.0 100.0 8.3 78.0 4.0 3.0 1.0

1997 May 27 10.0 40.7 16.0 852 92.3 14.6 74.1 0.0 7.4 3.7

Jun, 40 11.6 525 28.2 100.0 100.0 7.7 65.0 2.5 7.5 7.5

1997 combined 67 11.0 47.8 23.4 939 97.0 10.7 68.7 1.5 7.5 6.0

combined 186 10.6 37.1 16.8 97.9 98.9 9.8 718 4.8 4.3 2.7

11 1996  Aug. 30 59 70.0 214 76.7 100.0 11.5 433 6.7 6.7 0.0

1999 Jul. 50 N.E. 62.0 214 98.0 100.0 9.0 420 2.0 0.0 6.0

combined 80 59 65.0 21.4 89.9 1000 9.9 42.5 5.0 1.3 3.8

All combined 498 9.7 60.6 14.8 97.2 99.4 10.1 67.7 3.8 4.4 5.0

* Mean intensitiy indicates average numbers of parasites or epizoits per infected hosts.
** Prevalences indicates percenlage of hosts infected with given parasite or epizoits.
N.E.: not examined.



