SC/54/RMP15

An additional genetic analysis to investigate the plausibility of
different stock scenarios in North Pacific common minke whale

IST

Mutsuo Goto, Nachisa Kanda and Luis A. Pastene

The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo 104-0055, Japan

ABSTRACT

The Workshop on western North Pacific common minke whale Implementation Simulation Trials (IST)
defined three new baseline stock scenarios for the western North Pacific. These were based exclusively
on mtDNA data derived from JARPN and JARPN 11 surveys. Using AIC (Akaike’s Information Criterion)
we evaluated the plausibility of these different scenarios. To conduct such evaluation we used up to four
mtDNA haplotypes that presented the first four highest frequencies in sub-areas 7, 8 and 9 as independent
parameters for the AIC. Different combinations of these haplotypes were made to evaluate the baseline
scenarios and some variants. In addition we used a phylogenetic analysis of all haplotypes to define five
groups of haplotypes which were used in the AIC-based evaluation. Resulis of the AIC for the different
combinations of haplotypes were consistent, providing the best evaluation for baseline scenario A which
suggest that sub-areas 7, 8 and 9 are composed of a single stock (O) with sporadic occurrence of
individuals from a different stock (W) in part of sub-area 9. Although the AIC revealed that baseline
scenario A was the most consistent with the available mtDNA data in these areas, a more comprehensive
evaluation of stock structure in the western North Pacific is still needed. Such comprehensive evaluation
should consider the results of several approaches, both genetics and non genetics.

INTRODUCTION

The Workshop on North Pacific common minke whale Implementation Simulation Trials (1ST) was
conducted in January 2002 in Seattle (Anon, 2002). Four terms of references (TOR) had been defined for
the Workshop (IWC, 2002). The TOR 1) read as follow: ‘review results of further analyses of genetic data
for sub-areas 7, 8 and 9 to decide what trials modifications may be necessary in consequence, and
re-estimation of mixing proportion between ‘)’ and ‘O’ stocks in sub-areas 2, 7 and 11°. Consequent with
this TOR, the Workshop discussed new genetic information in these sub-areas, which was available
basically from data collected by the JARPN (1994-1999) and JARPN II (2000-2001).

Both results of analyses based on mitochondrial DNA (mtDNA) and nuclear DNA using microsatellite
were available 10 the Workshop. Only the information derived from the mtDNA analysis was discussed
and interpreted in some detail and the subsequent scenarios of stock structure in the western North Pacific
were based on the results and interpretations of this genetic marker. Thus during the Workshop there was
not any comprehensive discussion on the stock definition of the minke whale based on different and

independent approaches. To our view there is the need for further discussion on the term ‘stock’ used in
the trials of minke whale (see also Kanda et al. 2002).
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The Workshop, based on mtDNA information, adopted three new baseline stock scenarios in
developing the IST for North Pacific minke whale: scenarios A, C and D (Anon., 2002). It should be
noted that scenario B represent the case of no W stock in sub-areas 7, 8 and 9 and it had been considered
previously in the trials.

Baseline A: three-stock scenario ('), ‘O’, ‘W’) with the ‘W’ stock found only in part of sub-area 9 and
only sporadically.

Baseline C : four-stock scenario overall, with ‘Ow , ‘Og and ‘W’ to the east of Japan. Boundaries are
fixed at 147°E and 157°E and there is no mixing between the stocks.

Baseline D : three-stock scenario (‘J’, ‘O’, ‘W”), with ‘O’ and ‘W’ stocks to the east of Japan mixing
across the area from 147°E and 162°E.

Plausibility of these different scenarios was not discussed at the Workshop and this task was assigned
1o the Scientific Commitiee meeting (Anon., 2002). Here we present the results of an AIC (Akaike’s
Information Criterion)-based evaluation of the stock scenarios defined by the Workshop. We were
inspired in a preliminary AIC analysis conducted during the Workshop to explain the frequency of
haplotype 9 (Goto et al., 2002) in various sub-areas. We extended that analysis to include additional
haplotypes.

We emphasize that this evaluation is conducted to investigate which of the different stock scenarios is
more consistent with frequencies of mtDNA haplotypes observed in sub-areas 7, 8 and 9. The definition
of stock in the western North Pacific minke whale still requiring further consideration and a more

comprehensive examination based on results and interpretation of different genetic markers and
non-genetic approaches is needed.

MATERIALAND METHOD

AIC model

Plausibility of scenarios were evaluated computing the AIC values assuming binomial likelihood as
follows (Akaike, 1973; 1985, Kishino et al., 1991):

AIC=-2 X (binomial likelihood of the model)
+2 X (number of the free parameter of the model)

Binomial likelihood of she model is expressed as:
m a (’1 )
AInL=- '22 Jnp, 1)

where n is sample size of ith haplotype at jth group and p is the expected proportion of ith haplotype at jth
group.

Number of the free parameter of the model is 2 X (m-1), where a (j= 1, 2, 3, 4) is the number of groups
and m (i= 1, 2, 3, 4, 5) is number of distinct haplotypes.



The relative weight (wr) of the model was assessed by estimating the likelihood of each model from
exp(-1/2DAIC), where AAIC is the difference in AIC between an alternative model and the best AIC
model (Burnham and Anderson, 1998).

Grouping of sub-areas

Each sub-area in the eastern side of Japan was divided into western (W) and eastern (E) seclors. Sub-area
7 was divided at 147°E, sub-area 8 at 153°E and sub-area 9 a1 162°E (see Fig. 1 in Anon., 2002). AIC
evaluation was made on different models related 10 each baseline stock scenario and some of their
variants. Ten models evaluated are shown in the first column in Table 2. For example the notation a=b¥
c=d implies a model where samples a and b are assumed to have the same haplotype proportion, similarly
¢ and d have the same proportion, but these proportions differ between (a, b) and (c, d). In this example,
the number of groups (a) is two.

Haplotype used for AIC

By taking into consideration of a recommendation from the Workshop, we considered other haplotypes
than addition to haplotype 9. These haplotypes were chosen because they present the highest frequencies
in the total sample of sub-areas 7, 8 and 9 (Table 1). Haplotype ‘9’ had the highest frequency (13.4%).
Haplotypes 7 (9.3%), 17 (6.1%) and 16 (5.7%) were next highest frequencies. The combination of
haplotypes used in the AIC analysis is as follow:

1) Hap 9 and Other (m=2)

2) Hap 9, Hap 7 and Other (m=3)

3) Hap 9, Hap 7, Hap 17 and Other (m=4)

4) Hap 9, Hap 7, Hap 17, Hap 16 and Other (n=5)

We also used an additional combination of haplotypes based on phylogenetic analysis of haplotypes. In
this case the evolutionary distance between two nucleotide sequences (haplotypes) was calculated
according to Kimura’s two parameters method (Kimura, 1980). Phylogenetic reconstruction of unique
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) and 500 replications were made. From this phylogenetic tree, we tentatively
defined five groups of haplotypes based on their phylogenetic relationships (Fig. 1). In Table 2 we call
this grouping as ‘cluster’.

The specifications for scenarios A, B and C in Table 2 are simple. However those for scenario D are a
little more complicated.

The case of Baseline D

Baseline D assumes two-stocks (‘O’, “W?) in the east of Japan which mix across the area 147°E and
162°E. According to this scenario, the highest densities of ‘O’ stock animals occur in sub-area 7W and
decline to the east, while the highest densities of ‘W’ stock animals occur in sub-area 9E and decline 10
the west. We basically extend the idea of equation (1) to cover the Baseline D of a steady trend (i. e. linear
gradient) in proportion of each haplotype from 7W to 9E. For example for the case of the combination of
haplotype 9 and other (Table 2-1), the specifications for this scenario are as follow:



Prwhapy=P A
PrEnps=4/5p a+1/5pp
Pownps =3/5pa+2/5pg
Psenapy =2/5pa+3/5pp
Pownpy =1/5pa+4/5pp
PoEhp9 =PB

and then proportion of ‘Other’ are

P mwomer=1- P a

P 7€ other =1'(4/5PA +]/5p B)
Pewome =1(3/5pa +2/5p8B)
P gEother =1-(2/Sp A +3/5 pB)
Powoner =1-(1/5pa+4/5pp)
P 9E cther = 1-p B

We assume the values of p o and p g by maximizing the equation (1) using non-linear maximization
method. In the case of using more than one haplotype, the analysis is extended in the same way.

RESULTS AND DISCUSSION

The AIC values for different models related to stock scenarios and for different combination of
haplotypes are shown in Table 2. Table 2-1 shows the results for the combination of haplotype 9 and
other; Table 2-2 for haplotype 9, 7 and other; Table 2-3 for haplotype 9, 7, 17 and other; Table 2-4 for the
case haplotype 9, 7, 17, 16 and other and Table 2-5 shows the results for the case of haplotypes defined by
the phylogenetic analysis. Models 1, 6, 7 and 10 in Table 2 correspond to the cases of baseline scenarios
A, B, C and D, respectively. Models 1, 2, 3, 4 and 5 are the same ones tested by the AIC during the
Workshop. Models 8 and 9 correspond to variants of baseline scenario C (Figs. 3b and 3d in Anon.,
2002).

In all cases, apart from Table 2-5, model 1 is the best evaluated by the AIC. This model
corresponds to the baseline scenario A and then this scenario is the more plausible. The second best
evaluated model in all cases (except Table 2-5) is model 3, which allow for sub-area 9W animals to be
different from the rest of the sub-areas. This model is approximately 2/3 as likely as the most plausible
scenario A (model 1). Models 6, 7 and 10 corresponding to baseline scenarios B, C and D have little
support.

In the case of Table 2-5, which shows the results of AIC for the phylogenetic approach, the best
model is model 3, which had the second best evaluation in the other AIC examinations. A possible
explanation for this shifi from model 1 1o medel 3 as the best-evaluated model is that the definition of the
five groups by the phylogenetic analysis could not be completely correct. Clades in the tree of Fig. 1 are
not supported by 50% majority rule in 500 simulation trees.

These results strongly supported baseline scenario A, which postulate that sub-areas 7, 8 and 9 are
composed by a single stock (O stock) with sporadic occurrence of individuals from a different stocks in
part of sub-area 9. It should be emphasized that all the scenarios and models on stock structure evaluated
in this exercise were based on mtDNA haplotype frequency data. Thus it can be concluded that baseline
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scenario A is the most consistent with these mIDNA data. As mentioned earlier a more comprehensive
evaluation of the stock structure in the western North Pacific should take into consideration results of the
analyses using other genetic markers as well those from other non-genetic analyses.
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Table 1. Haplotype frequencies used in the AIC evaluation, by sub-area,

SA7

SA8 SA9 Total Proportion

Hap. W 7JE 8W 8E oW 9E

9 17 5 5 65 35 8 75 0.1344

7 19 1 3 9 13 7 52 0.0932

17 8 1 2 4 9 10 34 0.0609

16 14 2 3 1 8 4 32 0.0573
Other 117 29 33 47 84 55 365 0.6541
Total 175 38 46 66 149 84 558




Table 2. The AIC values for different models related to stock scenarios and for different combination of haplotypes. Relative
weight of these values is also shown.

(2-1) Hap 9 and Other

Hap 9 and
Models No. of group Other AAIC wt Remark
1 7W=7ESBWE8E=0F(94+07)=0W(94+97)= 9W(95+00+01)3, 2 S55427:8955H O 1 Ji:Baseline Az
2 TW=TE=8W=8E %= 9W=9E 2 806 0018
3 TW=T7E=8W=8E=0E #0W 2 05 0779
4 TW=7E=8W=8E=9E(94+97)7 OW(94+97)# IW(95+00+01) 3 1.26 0533
5 7W—7E—8W’8E¢9E(94+97)¢9W(94+97)¢9W(95+00+01 4 325 0197 o
6 TWETES TR 4 1 14.58 7E-04 34 Base"'“”g}gfg
7 IWZETE=8W=BE! 3 1005  0.007 g«ss‘a“se
8 TW=JE=BW=8E = IW=0F 3 955 0.008
9 JW#7E=8W=8E=9E % W . , 3 25 0287
10 TWZ OB (TR WRBESOWS aradient) Her N 2 12.77  0.002 % Baseline DY
(2-2). Hap 9. 7 and Other
Hap 9, 7 and
Models No. of group Other AAIC wt Remark
1 JW=7E=BW=8E=OE(9430)=0W(94+97) = 9W(95+00201)d 2 618 aes O 1 |F=Baseline:At
2 TW=TE=8W=8E+OW=9E 2 769.91 8.04 0018
3 TW=7E=8W=8E=0E # 9W 2 762.31 044 0.803
4 TW=7E=8W=BE=0E(94+97)7 9W(94+97)7 9W(95+00+01) 3 764.94 307 0215
5 7w-7s-sw-se;=95(94+97)¢9w 4+97):=9w<95+00+o1 4 768.74 6.87 0.032
6 JTWZIES! : ; 1 77445 . 1258 0.002 B’é’?eﬁm%%"ﬂ%
7 : , 3 773.47 116 0003 BEBLEumelC
8 7W‘7E—8W=¢SE¢9W-9E 3 772.31 10.44 0005
9 7w¢7e-aw-se-9e¢9w 3 765.69 382 0.148
' f 2 774.64 12.77 0002 EXBaseline. D
(2-3): Hap 9, 7, 17 and Other
Hap 9, 7, 17
Models No. of group and Other AAIC wt Remark
1 [WSIESBWS8E=9E(94%97)S0W(94197) = 9W(95+00£01)3 2 A1) B 0 1 [§iBaselinetARl
2 TW=7E=8W=8E #9W=9E 2 1007.79 443 0.109
3 TW=7E=8W=8E=0F # 9W 2 1004.07 071  0.701
4 TW=TE=8W=8E=9E(94+07)7 9W(94+07)79W(95+00+01) 3 1008.27 491  0.086
5 w~7E—aw~sE¢9E(94+97)¢QW(94+97)¢QW(95+00+01 4 1008.92 556 0.062
6 = ) R S CIC, 1 101439  11.03  0.004 [fBaseline; B
7 . i 3 101335 9.99  0.007 gj‘”‘lm ()
8 7w—7e-aw¢se¢9w~95 3 1011.77 841 0015
9 7W# 7E=BW=BE=OF % 9W 3 1008.29 493 0085
10 [TWEESE(TEXS 4 : 2 101653  13.17_ 0.001 f¥Baselne Dt
(2-4). Hap 9, 7, 17, 16 and Other
Hap 9, 7, 11,
Models No.of group 16 and Other AAIC wt Remark
1 [IWEIESBWSBESOE(94497)59W(94197) % IW(95+0001):§ 2 EE1229668 0 1 [ Baseline: A8
2 TW=7E=8W=8E# OW=9E 2 1234.30 464 0.098
3 TW=7E=8W=8E=9E 7 9W 2 1230.52 0.86 0.651
4 TW=TE=8W=8E=0E(94+97) 9W(94+07) 9W(95+00+01) 3 1235.18 552 0.063
5 7w-7E-aw-aE¢95(94+97)¢9W(94+97)¢9W(95+oo+01 4 1237.71 805 0018
6 S R T o b i 1 1238.91 9.25 001 %ﬁé‘?&iﬁe'a‘”}
7 - AN 3 1239.33 8.67 0,008 Baselme"C
8 TW=TE=8W BE  OW=9E 3 1236.47 681 0.033
TW# 7E=8W=8E=9E # W 3 1234.25 459  0.101
10 FTWE OE(TEBWY BEE OW-/ e aient) Foe: eciiramens e e 2 1237.99 8.33  0.016 HiBEeinaDs

(2-5): Phylogenetic analysis

Models No. of group Cluster AAIC wt Remark
1560.71 519 0.075 piiBaselingrAES
1562.77 ] 7.25 0.027

HW=TEZ8WZBEZOE(94197)20W(94+97) 7 OW(95+00+01)%
TW=7E=8W=8E # 9W=9E
TW=7E=8W=BE=9E # OW
TW=7E=8W=BE=0E(94+97): 9W(94+97) 7 OW(95+00+01)
7w-7E-aw-aE¢9E(94+97)¢(94+97)¢9w<95+oo+o1
TWETEZBWEBESOWEOE R : -
W N SR
TW=7E=8W = 8E 3 8W=0E
TW# 7E=8W=8E=0E % OW
10 [TWSEBE(TES BWEBEZOW S Aradient) 101t Ta Lt Ter e As

& i i . 1

1560.02 450 0105

1565.70 10.18  0.006

1567.87 12.35 0.002 ’IBaseh" ?’B
1569.26 13.74 0.001 Basellne C
1567.85 12.33  0.002

1561.60 6.08 0.048

1569.73 14.21 8E-04 Ei'Baseiine: D

SO ND WA =
NWWW=—=5OWNNON




rﬁ%latm'v‘[lrJW bl L il

NAMINKE

hap28
hap88 -
hap36
hap47
hap27
hap30
ap62
hap40
hap34
hap46
hap22
hap64
hap89
hap04
hap01
hap42
hap48
hapT4
hap90
hap44
hap45
hap51
hap92
hap39
-hap54
hap15
hap08
hap18
hap32
hap11

hap37
ap
hap66
hap60
hap81
hap09
hap53
hap91
hapi6
hap50
hap35
hap41

hap29
hap38
hap07
hap55
hap61
hap06
hap21
hap56
hap10
hap58
hap59
hap93
hap49
hap24
hap75
hap13
hap43
hap12
hap17
hap20
hap26
hap25
hap57
hap33
hap23
hap87
hap19

hap31

Fig. 1. Phylogenetic tree of North Pacific minke whales haplotypes constructed by Neighbor-Joining
method. The dotted clades are supported by 50% majority rule of 500 bootstrap replications. Five groups

were defined for AIC-based evaluation (see Table 2-5).
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