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ABSTRACT

A total of 863 mtDNA control region sequences of the western North Pacific minke
whales were examined to determine whether or not individual assignment in the J stock is
possible. Samples were available from past coastal commercial whaling in Japan and
Korea (sub-areas 6, 7 and 11), from by-catches in the Sea of Japan (sub-area 6) and from
JARPN surveys in sub-areas 7, 8, 9 and 11. Phylogenetic reconstruction of unique
sequences was based on the neighbor-joining method. The tree showed an informative
cluster containing predominantly haplotypes occurring in the Sea of Japan or sharing J
stock predominant haplotypes ‘3’ and °5° of a previous RFLP analysis. Under the criteria
that all the haplotypes in this cluster are unique to the J stock, we estimated the number of
J stock individuals sampled by JARPN surveys in sub-areas 7, 8, 9 and 11. Very low
frequencies were found in sub-areas 7, 8 and 9 but a larger frequency was found in sub-
area 11. The alternative assumption is that the haplotypes contained in the cluster are
predominant in the J stock but they also occur in the O stock perhaps in lower
frequencies. If this second assumption is correct, the estimate that considered the
haplotypes in the cluster as exclusive of the J stock, could be overestimated. Although at
this stage we can not be sure whether or not the haplotypes contained in the cluster are
absolute markers for the J stock, several biological studies that used our criteria to
separate J stock individuals found significant differences between this group and other
assumed to be from the O stock,

INTRODUCTION
Several studies on stock identity have been conducted on the western North Pacific

minke whales since 1956 to the decade of the 80°, and they supported the view of two
different stocks occurring on either side of Japan (see review by Pastene ef al. this




meeting). These stocks have been recognized by the IWC as the J and O stocks (IWC
1994). DNA-based studies conducted under the Japanese Whale Research Program under
Special Permit in the North Pacific (JARPN) have confirmed the striking differences
between these two stocks.

Both allozymes studies conducted in the decade of the 80° as well DNA-based studies
conducted in the decade of the 30” were based on a single set of samples representative of
the J stock. Such set was taken from former coastal whaling operation in Korean from an
operation carried out in September-October 1982 in sub-area 6. Recent genetic studies
based on these samples have been possible by means of the use of the polymerase chain
reaction (PCR) technique, which permit the DNA analysis from old or from very small
amount of tissue samples.

However, no samples from the J stock have been available for other kind of biological
studies such as morphological, conception date, ecological markers, pollutant burden,
which are conducted under the JARPN. It is well known that J and O stocks animals mix
to each other in the southern part of the Okhotsk Sea (sub-area 11) (Wada, 1991; Best
and Kato, 1992; Pastene ef a/. 1998). Using maximum likelihood methods, the proportion
of these stocks in the mixed assemblage of sub-area 11, have been calculated by sex on a
monthly basis (Pastene ef al., 1998). On the other hand, JARPN surveys have been
conducted in this sub-area in August 1996 and July 1999 and 30 and 50 individual minke
whales were sampled, respectively.

If the genetic assignment of J stock individuals is possible in sub-area 11, then these
individuals can be used as representative of the J stock for other kind of biological studies
conducted under the JARPN,

The aim of this study is to use a phylogenetic approach of mtDNA control region
sequences, to explore the possibility of individual assignment in the J stock. The analysis
is based on the total sequences obtained from both past commercial whaling operations in
Japan and Korean and JARPN surveys. In addition we used a new set of samples
obtained from by-catches in the Sea of Japan.

MATERIAL AND METHODS

Samples

Tissue samples used in this study were from past coastal whaling operation in Korea
(sub-area 6, n=28), by-catches in the Korean side of sub-area 6 (n=8), by-catches in the
Japanese side of sub-area 6 (n=10), past coastal whaling operation in Japan in sub-area 7
(n=146) and 11 (n=173), JARPN surveys in sub-areas 7 (n=139), 8 (u=91), 5 (n=188) and
11 (n=80). A total of 863 samples were used. By-catches samples were available from a
co-operative sampling effort between Korea and Japan.



DNA extraction and sequencing analysis

Laboratory procedures are as described in Goto and Pastene (this meeting). Apart from
the by-catch samples, all the sequences of the mtDNA control region have been already
reported elsewhere (Goto and Pastene, 1999; this meeting; Goto et /., this meeting).

Phylogenetic approach

The evolutionary distance between two nucleotide sequences was calculated according to
Kimura’s two parameters method (Kimura, 1980). Phylogenetic reconstruction of unique
sequences (haplotypes) was made using the neighbor-joining (NJ) method (Saitou and
Nei, 1987) as implemented in the PHYLIP package (Felsenstein, 1993). To evaluate the
confidence intervals, we used the bootstrap method (Felsenstein, 1985).

As the sampling location of each individual is known, we investigated the relationship
between a given cluster in the tree and geographical locality.

RESULTS AND DISCUSSION

Variability of mtDNA control region sequences
The total number of sequences examined was 863. A region of consensus of 487bp of the
mtDNA control region was used. A total of 34 informative sites defined a total of 83

unique sequences (haplotypes) (Fig. 1). Apart one transversion and two deletions, all
substitutions were transitions.

Phylogenetic tree

Fig. 2 is a neighbor-joining-based phylogenetic tree showing the phylogenetic
relationships among western North Pacific minke whales unique sequences. A sequence
from the North Atlantic minke whale is used as an outgroup (Amason ef @i, 1993).

Of the eleven haplotypes occurring in the Sea of Japan (sub-area 6), nine are located
within the cluster specified in the box, but it should be noted that such cluster is not
supported by a high bootstrap value. A mtDNA control region RFLP analysis (Goto and
Pastene, 1997) had discriminated eight haplotypes and of them, haplotypes ‘3’ and °5’
were the predominant in the sample from the J stock in sub-area 6. The distribution of
these two haplotypes is also shown in the tree. RFLP haplotypes “3” and “5° are also
predominantly located within the box in Fig. 2.

Within the box in Fig. 2, we have defined two sub-groups on the basis of the position of
informative sites. The first group is characterized either by a base C in position 290, 311
and 406 or by a base C in position 311 and A in position 463. The second group is
characterized by a base G in position 298. These site positions could characterize J stock
individuals. It should be noted that only haplotype 72 in the box is out of these
characterizations.

One assumption is that individuals having some of the haplotypes marked in the box
(all apart sequencing haplotypes ‘40, “72’, ‘34’ and ‘68”) belong to the J stock, which is



predominantly distributed in the Sea of Japan. As some individuals having these
haplotypes are distributed in other sub-areas, we can assume that some J stock individuals
could migrate into the Okhotsk Sea or into the Pacific side of Japan. An alternative

assumption could be that some of these haplotypes are normally present in both J and O
stocks at different frequencies.

Based on the first assumption we calculated the number of J stock animals in the sub-
areas surveyed by the JARPN (Table 1). We made two estimations, one considering all
the haplotypes in the box in Fig. 2 (Estimation A) and the other excluding haplotypes
‘407, *72°, “34” and ‘68’, which neither are not represented in the Sea of Japan nor they
are not characterized by RFLP haplotypes ‘3” and ‘5” (Estimation B).

Both estimations A and B give a low proportion of J stock individuals in sub-areas 7, 8
and 9 but a higher proportion in sub-area 11. Estimations for sub-area 11 correspond to
the total sample obtained in July and August.

As mentioned earlier, we can also assume that the sequencing haplotypes in the box in
Fig. 1 are predominant in the J stock but they also occur, with a lower frequency, in the O
stock. This is an alternative explanation to the occurrence of these haplotypes in the
Pacific side of Japan. From Fig. 2 we can observe that some sequencing haplotypes
occurring in the Sea of Japan (haplotypes ‘62’ and *11”) are out of the cluster specified in
the box. A possible explanation is that some O stock individuals could migrate into the
Sea of Japan.

At this stage we can not establish whether the sequencing haplotypes in the box of Fig.
2 are absolute markers for the J stocks or alternatively they also occur in the O stock in
lower frequencies. Several studies conducted under the JARPN have used all or part of
the individuals listed in Table 1 (Estimation B) as representative sample of the J stock.
These studies involved morphometry (Hakamada and Fujise, this meeting), fat index
(Tamura et al., this meeting), biological parameters (Zenitani ef /., this meeting), stable
isotope analysis (Mitani ef al., this meeting) and ecological markers (Kuramochi et al.,
this meeting). Most of these studies found, in at least one of the parameters examined,
significant differences between the J stock sample (as defined by our mtDNA analysis)
and the rest of the individuals assumed to be from the O stock.

Abe et al. (this meeting) used the mtDNA criteria for separating J and O stock
individuals in sub-area 11. Their dendrogram based on microsatellite information was
constructed first on the basis of the total JARPN individuals in sub-area 11. This sub-area
was grouped close to sub-areas 7, 8 and 9 in the Pacific side of Japan and divergent from
sub-area 6 in the Sea of Japan. The next dendrogram considered sub-area 11 separated
1nto two groups: sub-area 11 (J) (J-stock) and sub-area 11 (O) (O stock), based on our
mtDNA criteria (Table 1, Estimation B). This time, the dendrogram showed sub-area 11
(J) stock clustered with sub-area 6, even the length of the branch was relatively large,
while sub-area 11 (O ) clustered with sub-areas 7, 8 and 9. These results suggest that sub—
area 11 (J) could contains also individuals from the O stock.



Despite these interesting results and as established eatlier, at this stage we can not be
sure whether the haplotypes in the box in Fig. 2 belong exclusively to the J stock. Further
multidisciplinary research 1s necessary to clarify whether or not individual assignment to
a given stock is possible. In this regard we used a new set of samples from by-catches
from the Sea of Japan but the number of samples were still small. They were collected in
a co-operative cffort between Korean and Japan and this effort will continue in the future.
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Table 1: Number of J stock animals in the sub—areas surveyed by the
JARPN according two estimations (see text). In parenthesis are the
percentage of occurrence.

Total Estimation A Estimation B
Sub—-area sample size
7 139 9 (0.065) 7 (0.050)
8 a1 10 (0.110) 5 (0.055)
9 188 6 (0.032) 3 (0.016)
11 80 25 (0.313) 24 (0.300)
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Fig. 1. Variable sites defining 83 North Pacific minke whale unique sequences {haplotypes} in the mtDNA
control region. The column on the left is haplotype ID. The numbers above list the nucleotide position
of the polymorphic sites f£rom the 5 end of the mtDNA control region. Cons. means the consensus sequence
which is same sequence with haplotype 1 (Hapl).
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Fig. 2. Phylogenetic relationship of the 83 unique mtDNA control region sequences

constructed by the neighbour-jeining method. The sequence of North Atlantic minke

whale (NAminke) is added as outgroup. m: Haplotypes occurring in samples from Sea

of Japan, a:RFLP haplotype 3 and e: RFLP haplotype 5.





