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Foreword

It is a pleasure for me to introduce the sixth issue of the Technical Reports of the Institute of Cetacean Research (TEREP-
ICR-6). Consistent with its stated objectives, TEREP-ICR describes and reports on the process, progress, and results of
technical or scientific research, as well as the state of technical or scientific research programs conducted by the ICR,
including those commenced recently as is the case of the Japanese Abundance and Stock structure Surveys in the Ant-
arctic (JASS-A).

The Covid-19 pandemic has continued affecting the ways of conducting scientific research at the ICR. Despite the diffi-
culties, inconveniences and limitations derived from the pandemic, during 2022 the ICR has been able to safely and suc-
cessfully conducts field surveys, conducts laboratory works and analyses, and participates in national and international
meetings. These efforts enabled the ICR to make significant progress on several research works during 2022 as shown
in this issue of TEREP-ICR.

Similar as in previous TEREP-ICR issues, TEREP-ICR-5 was widely distributed in Japan and in foreign countries. Not-
withstanding the challenges imposed by the pandemic, TEREP-ICR is on course towards achieving its objectives. At the
same time, it has been a good opportunity for our scientists to compile and summarize their research conducted over
the years, as a precursor to submitting their works for peer review publications.

| sincerely hope that this sixth issue of the TEREP-ICR will contribute further to an increased understanding among
national and international scientific communities of the technical and research activities conducted by the ICR.

Dr. Yoshihiro Fujise

Director General

Institute of Cetacean Research
Tokyo, December 2022
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Editorial

Welcome to the sixth issue of the Technical Reports of the Institute of Cetacean Research (TEREP-ICR-6).

This issue contains seven technical reports and one commentary article. In TEREP-ICR-6, we started with the series of
reports summarizing the research findings on whales and the ecosystem in the western North Pacific Ocean.

Regarding the research findings in the western North Pacific, Taguchi and colleagues (Part 1) focused on the studies
on stock structure in large baleen whale species. These studies have been possible because the ICR holds one of largest
collection of genetic samples in this oceanic basin, which derived from both past whale research programs under special
permit and biopsy samples collected during dedicated sighting surveys. Takahashi and colleagues (Part 2) focused on the
results of abundance estimates of baleen whale species based on sighting data collected systematically during dedicated
sighting surveys. Bando and colleagues (Part 3) focused on the results of biological parameters in baleen whale species
based on samples and data collected during past whale research programs under special permits.

Results of three important dedicated sighting surveys are summarized in this issue: Isoda and colleagues summarized
the results of the 2021/22 austral summer season survey of the Japanese Abundance and Stock structure Surveys in the
Antarctic (JASS-A); Katsumata and Matsuoka summarized the results of surveys conducted in the North Pacific Ocean
in 2021; and Murase summarized the results of the 2021 International Whaling Commission-Pacific Ocean Whale and
Ecosystem Research (IWC-POWER) survey.

Konishi and Isoda summarized the results of the long-term track movement of Antarctic minke whales revealed by
satellite-monitored tagging experiments conducted by the ICR, and examined these preliminary results in the context of
the available stock structure hypothesis derived from genetic analyses.

In the commentary article, Gdmez Diaz presented his view on the development and relevance of the ICR in the context
of recent whaling events in Japan and the world.

TEREP-ICR-6 issue also includes sections that outline the contribution of ICR scientists to international and national
meetings in 2022, as well as their contribution in terms of peer-reviewed publications up to December 2022.

We trust that you will find this sixth issue informative and useful.
Dr. Luis A. Pastene
Dr. Satoko Inoue

Editorial Team, TEREP-ICR
Tokyo, December 2022
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What do we know about whales and ecosystem in the western North

Pacific Ocean? Part 1: summary of results on stock structure in baleen

whale species

Mioko TAGUCHI*, Mutsuo GOTo and Luis A. PASTENE

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

*Contact e-mail: taguchi@cetacean.jp

ABSTRACT

Identification of biological stocks within a species is fundamental to appropriately interpret demographic pa-

rameters. Information on the temporal-spatial stock structure is crucial in establishing effective management

and conservation strategies of marine living resources. This paper summarizes the recent genetic studies on

stock structure of four baleen whale species in the North Pacific: right, sei, Bryde's and common minke whales.

These studies used a large number of genetic samples collected mainly in surveys conducted by the Institute

of Cetacean Research since 1994. Results of the studies revealed novel stock structures, and this information

is contributing to stock assessments and conservation of each whale species in the North Pacific.

INTRODUCTION

Different biological stocks could have different demo-
graphic characteristics and respond in different ways to
environmental stress. For this reason, the identification
of stocks in a species is fundamental for the appropriate
interpretation of abundance estimation and other demo-
graphic parameters. Information on the temporal-spatial
stock structure is thus crucial in establishing effective
management and conservation strategies. In this re-
gard, Moritz (1994) defined management units (MUs) as
historically isolated sets of populations and suggested
that genetic markers be used to define management
units within species: populations with a significant diver-
gence of allele frequencies at nuclear or mitochondrial
loci, regardless of the phylogenetic distinctiveness of the
alleles.

This paper describes the outline of the recent studies
which examine genetic diversities and stock structure
based on the MUs defined by Moritz (1994) for the four
North Pacific whale species: right (Eubalaena japonica),
sei (Balaenoptera borealis), Bryde's (B. brydei) and com-
mon minke whales (B. acutorostrata).

BACKGROUND ON GENETIC STUDIES ON STOCK
STRUCTURE IN NORTH PACIFIC BALEEN WHALES

North Pacific right whales
LeDuc et al. (2012) was the first study that focused on
North Pacific right whale’s stock structure and genetic di-

versity. The study using the mitochondrial DNA (mtDNA)
control region and six microsatellite DNA (msDNA) loci,
mainly showed the potential parentage and genetic di-
versity in 24 individual whales (23 from the eastern North
Pacific and one from the western North Pacific). Their
results inferred that North Pacific right whales could be
isolated to some degree between the western and east-
ern regions based on paternity analysis. However, it was
noted that the relationship of the eastern North Pacific
right whales to those in the western North Pacific was
largely unexamined.

Sei whales

A pioneering work on stock structure of North Pacific sei
whales was carried out on the feeding grounds by Wada
and Numachi (1991) using three polymorphic allozyme
loci, which suggested a single stock in the area east
of 160°E. The most comprehensive genetic study was
performed by Kanda et al. (2009c) using msDNA geno-
types at 17 loci and mtDNA control region sequences
from a total of 790 specimens collected on the feeding
grounds between 140°E and 135°W during 1972-1973
and 2002-2007. The study also showed no evidence of
genetic heterogeneity in the research area. Kanda et al.
(2013) subsequently examined genetic differences of this
species both spatially and temporally. The results of the
study were consistent with those found by Kanda et al.
(2009). In addition, Kanda et al. (2015) examined spatial
genetic differentiation using genotypes at 16 msDNA
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loci by only using samples collected during the summers
in 2010, 2011 and 2012 in order to eliminate temporal
negative biases. The study again did not find evidence of
multiple stocks of sei whales in the North Pacific.

Bryde's whales

A series of allozyme studies (Wada and Numachi, 1991;
Wada,
samples collected between 150°E and 160°W, on the

1996) were conducted using Bryde's whale

North Pacific feeding grounds. These studies did not find
evidence of genetic heterogeneity in the research area.
A subsequent RFLP analyses investigated the pattern of
genetic variations of Bryde's whales at intra- and inter-
oceanic levels for mtDNA control region in specimens
from four locations: western North Pacific, western
South Pacific, eastern South Pacific and eastern Indian
Oceans (Pastene et al., 1997). The study showed signifi-
cant genetic differences among the four regions, but did
not reveal any significant genetic differences within the
western North Pacific Ocean. The most recent population
genetic study was performed by Kanda et al. (2007), using
msDNA genotypes at 17 loci and mtDNA control region
sequences in a sample set used by Pastene et al. (1997),
as well as additional samples from the western North
Pacific feeding grounds. The study confirmed significant
genetic differentiations among oceanic regions, but not
within the western North Pacific.

Common minke whales

At least two stocks of the common minke whales have
been historically recognized in the western North Pacific,
namely the Okhotsk Sea—West Pacific (known as the O-
stock) and the Sea of Japan—Yellow Sea—East China Sea
(known as the J-stock). These two stocks are differentiat-
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Figure 1.

ed morphologically, reproductively (Omura and Sakiura,
1956; Kato, 1992) and genetically (Wada and Numachi,
1991; Goto and Pastene, 1997), which suggests their re-
productive isolation.

Kanda et al. (2009a; b) examined genetic variations at
16 msDNA loci in a total of 2,542 genetic samples col-
lected in the waters around Japan and pelagic areas of
the western North Pacific during 1994-2007, and suc-
ceeded in the assignment of individual to stocks using a
Bayesian clustering approach, i.e. STRUCTURE analysis.
The study presented the highest likelihood probability at
K=2, which indicated that the samples came from two
genetically distinct populations, i.e. O- and J-stocks.

Pastene et al. (2016a) updated these studies by in-
creasing sample sizes, and showed a finer spatial distri-
bution of each stock (Figure 1): J-stock whales mainly
distributed in the Sea of Japan (sub-areas 6E and 10E), O-
stock whales mainly distributed in the offshore North Pa-
cific (east of sub-area 7WR). Both stocks occur along the
Pacific coast of Japan (sub-areas 7CN, 7CS and 2C) and in
the southern Okhotsk Sea (sub-area 11) but sub-area 2C
is mainly occupied by the J-stock whales. Furthermore,
the study showed the temporal distribution of the O- and
J-stock whales on the Pacific side of Japan (sub-areas 2C,
7CN and 7CS) as shown in Figure 2: J-stock whales are
predominant throughout the year in sub-area 2C, while
the proportion of the J-stock whales increases in autumn/
winter and decreases in spring/summer in sub-areas 7CS
and 7CN. The reverse is true for O-stock.

A subsequent study by Pastene et al. (2016b) inves-
tigated the possibility of additional structure within
O-stock using hypothesis testing and the discriminant
analysis of principal component (DAPC) approach. A
simulation exercise showed that the statistical power of

n=717 n=13 n=487 n=49 n=80 n=90 n=656 n=320 n=282 n=514 n=125 n=100 n=49 n=252 n=541

BC6 BC10 BC2 BC11 11 BC7CN KICN 7CN BC7CS S7CS 7CS 7WR T7E 8

Management sub-areas defined by the IWC for the western North Pacific common minke whales (left), and

spatial occurrence of O- and J-stocks in sub-areas (right: BC2, BC6, BC7CS, BC7CN, BC10, BC11=bycatches from
the respective areas; K7CN=coastal JARPNII surveys at Kushiro; S7CS=coastal JARPNII surveys at Sanriku; 7CS,
7CN, 7WR, 7E, 8, 9 and 11=offshore JARPN/JARPNII surveys). Sample sizes are at the top of each bar. Color
indicates stock assignment by STRUCTURE analysis (gray=0-stock, dark gray=J-stock, light gray=unassigned).
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Monthly occurrence of J- and O-stocks in sub-areas 2C (left), 7CN (middle) and 7CS (left). Each bar is ex-

pressed as three months moving average. Sample sizes are on the top of each bar. Samples from sub-area
2C and subareas 7CN and 7CS were collected during 2001-2014 and 1994-2014, respectively. Color indi-
cates stock assignment by STRUCTURE analysis (dark gray=J-stock, gray=0-stock, light gray=unassigned).

the hypothesis testing was high. Both analyses showed
no evidence of sub-structuring within O-stock.

Tiedemann et al. (2017) developed a new maximum
likelihood-based approach to infer Parent—Offspring
(P-0) relationships using full msDNA data at 16 loci in
a total of 4,554 western North Pacific common minke
whales including fetuses. The study identified a total of
49 validated P-O pairs (excluding mother-fetus pairs)
across sub-areas, with J-stock pairs on both sides of Japan
closer to the coast, while O-stock pairs were mostly locat-
ed to the east of Japan, both close to the coast as well as
far offshore. The study provided no evidence for further
stock structure other than O- and J-stocks.

RECENT GENETIC STUDIES ON STOCK STRUCTURE
IN THE NORTH PACIFIC

Basic laboratory procedures

DNA extraction

Total genomic DNA was extracted from 0.05g of a tissue
sample using either the standard phenol-chloroform
method (Sambrook et al., 1989) or Gentra Puregene kits
(QIAGEN) and stored in TE buffer (10 mM Tris-HCI, 1 mM
EDTA, pH 8.0).

mtDNA

Approximately 500 base pairs of a variable part of the
mtDNA control region were amplified by PCR using
primers MT4 (Arnason et al., 1993) and DIp5R (5'-CCA
TCG AGA TGT CTT ATT TAA GGG GAA C-3;
et al., 2022). PCR amplification was carried out in 25l

Pastene

reaction mixtures containing 10-100 ng of template DNA,
0.1uM of each primer, 0.5 units of Ex Tag DNA poly-
merase (Takara Bio Inc., Shiga, Japan), 0.2 mM of dNTPs,
and 1x Ex Taq buffer. Each reaction was performed with
an initial denaturation step at 95°C for 5min, followed
by 30 cycles of 30s at 94°C, 30s at 50°C and 30s at 72°C,
with a final extension step at 72°C for 10min. PCR prod-
ucts were purified using MicroSpin S-400HR Columns
(GE Healthcare, USA).

Illinois, Cycle sequencing was

performed using BigDye terminator cycle sequence Kit
(Applied Biosystems Inc., Massachusetts, USA), following
the manufacturer’s instructions. The cycle sequencing
products were purified using AutoSeq G-50 spin Columns
(GE Healthcare). The labeled sequencing fragments were
resolved by ABI genetic analyzers (Applied Biosystems
Inc.) for Sanger sequencing by capillary electrophoresis.
Both strands of all samples were sequenced using the
primers used for amplification. The nucleotide sequences
obtained were aligned by using the program MUSCLE
implemented in MEGA ver. 10.0.5 (Kumar et al., 2018) or
the program Sequence Navigator.

msDNA

Different nuclear msDNA loci were genotyped according
to the whale species (Table 1). The polymerase chain re-
action (PCR) amplifications were performed in 15 pl reac-
tion mixtures containing 10-100ng of DNA, 0.25uM of
each primer, 0.35 units of Ex Tag DNA polymerase (Takara
Bio Inc.), 0.2mM of dNTPs, and 1x Ex Taq buffer, with
94°C for 2 min, followed by 30 cycles at 94°C for 20s/54—
61°C for 45s/72°C for 1 min, and a post-cycling extension
at 72°C for 10 min. Negative and positive control samples,
one of each, were run in parallel with all PCR amplifica-
tions. The PCR products were run on a BaseStation100
DNA fragment analyzer (Bio-Rad, California, USA) with
an internal size standard (GENESCAN400HD, Applied Bio-
systems Inc.), or on an ABI 3500 DNA Analyzer (Applied
Biosystems Inc.) with a 600 LIZ size standard (Applied Bio-
systems Inc.). In the former platform, alleles were visual-
ized using Cartographer software specifically designed for
the BaseStation, and the fragment sizes were determined
manually in relation to the internal size standard and a
positive control sample of known size that were run on
each gel. In the other platform, each allele was deter-
mined by automated binning and assigned to allelic bins
predefined in GeneMapper v. 4.0 (Applied Biosystems
Inc.). Any misassigned scores were corrected by hand.
If msDNA scores generated from both platforms were
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Table 1
msDNA markers used in the recent studies on four North Pacific baleen whales.

Norht Pacific right whale Sei whale Bryde's whale Common minke whale
EV1 EV94 DIrFCB14 EV1
EV14 EV1 EV1 EV14
EV21 GT211 EV104 EV21
EV37 EV14 EV14 EV37
EV94 EV21 EV21 EV94
GT023 GGAA520 EV94 GATA28
GT211 GATA53 GATA28 GATA98
GT310 GT23 GATA417 GATA417
GATA028 GT575 GATAS3 TAA31
DIrFCB17 GATA417 GATA98 GT23
TR3G2 GT310 GGAA520 GT195
TR2G5 EV104 GTO011 GT211
TR3F2 GATA28 GT23 GT310
GT271 GT310 GT509
GTO011 GT575 GT575
DIrFCB17 TAA31 DIrFCB14
GATA98
Table 2
Genetic analyses used in the recent studies on four North Pacific baleen whales.
North Pacific right whale Sei whale Bryde’ s whale Common minke whale
Analysis
mtDNA msDNA mtDNA msDNA mtDNA msDNA mtDNA msDNA
Genetic diversity indices ° ° ° ° ° ° ° °
HWE test ° ° ° ° ° ° ° °
Hypothesis test ° ° ° ° ° ° °
Fs; estimates ° ° ° ° ° ° °
G's; estimates °
AMOVA ° ° ° °
Mantel test °
STRUCTURE ° °
DAPC ° °
sPCA °
GENELAND °
BAPS °
TESS °
Phylogenetic analyses ° °
PO analysis °

contained in a single dataset, then all msDNA scores gen-
erated by the ABI 3500 DNA Analyzer were standardized
to those by the BaseStation100 DNA fragment analyzer.

Basic analytical procedures
The analytical procedures used in the recent genetic stud-
ies on population structure are shown in Table 2 for each
whale species.

This section briefly explains these analytical procedures.

Genetic diversity indices

mtDNA haplotype (h) and nucleotide (m) diversities
(Nei, 1987) were estimated with sample standard de-
viations. The number of alleles (A), inbreeding coefficient
(Fis) and expected heterozygosity (H;) were estimated per
msDNA locus and across loci. The departure from Hardy—
Weinberg equilibrium (HWE) was also tested for each
msDNA locus and across loci.
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Genetic differentiation

The genetic difference between populations was exam-
ined by several statistical tests for differences in allele/
haplotype frequencies between populations, as well as
by pairwise Fg; estimates and G; values (Hedrick, 2005).
The Analysis of Molecular Variance (AMOVA) (Excoffier
et al., 1992) was used to examine the hierarchical genetic
structure. A Mantel test was performed between a matrix
of pairwise Edward’s genetic distances and a matrix of
Euclidian geographic distances to examine the pattern of
isolation by distance (IBD).

Genetic clustering and stock assignment approaches
Estimation of the most likely number of clusters and/or
individual-based stock assignment were performed using
a Bayesian clustering analysis with an admixture model
assuming correlated allele frequencies implemented in
STRUCTURE program (Pritchard et al., 2000).

To identify and describe clusters of genetically related
individuals, a Discriminant Analysis of Principal Compo-
nents (DAPC; Jombart et al., 2010), which relies on data
transformation using Principal Components Analysis as a
prior step to discriminant analysis, was performed with or
without a priori group assignments for msDNA genotype
set. A priori group was determined based on geographic
sampling site.

The spatially explicit clustering approaches, e.g. spa-
tial Analysis of Principal Components (sPCA; Jombart
et al.,, 2008), GENELAND (Guillot et al., 2005), TESS
(Francois et al., 2006; Chen et al., 2007) and BAPS (Cor-
ander et al., 2008), have been also used to investigate
genetic structure and stock assignment.

Phylogeographic analysis

A statistical parsimony network (Clement et al., 2000)
was generated to infer the phylogenetic relationships
among mtDNA haplotypes.

Parent—offspring analysis
Parent—Offspring (P-0)
based on a maximum-likelihood approach (Tiedemann

relationships were inferred

et al., 2017). mtDNA haplotypes and biological informa-
tion, e.g. sex, sexual maturity and sampling position,
were used to interpret the inferred P-O pairs. The geo-
graphical distribution of the pairs was discussed from the
view point of stock structure.

Main results

North Pacific right whales

Dataset

Pastene et al. (2022) summarized and analyzed all avail-
able genetic data for North Pacific right whales. After
removing all duplicates (i.e. samples that were collected
from the same individual) and one sample from each
mother and calf pair, a single dataset was generated for
the mtDNA statistical analyses, which consisted of 30
samples each in the western North Pacific (WNP: 27 new
samples, one from LeDuc et al. [2012] and two historical
baleen samples) and the eastern North Pacific (ENP: 21
samples from LeDuc et al. [2012], three historical baleen
samples and six new samples), respectively (Figure 3);
the sample size for the msDNA analysis was 19 whales
for WNP.

Main results and discussion

The study found a total of 16 haplotypes among 60
individual whales. Only four haplotypes were shared be-
tween WNP and ENP right whales. The Fi; between WNP
and ENP right whales was high (0.128) and statistically
significant, and the heterogeneity test resulted in statisti-
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Figure 3. Approximate core distribution of North Pacific right
whales in summer (July-August) based on 19th
century whaling records and 20th century sighting
and whaling catch data compiled by Clapham et al.
(2004). The pattern of distribution shows high den-
sity in the western and eastern sides of the North
Pacific (purple) and low density in the central area
(white). The monthly plots of right whale sightings
and catches by Clapham et al. (2004) suggested
a pattern of south—north migratory movement in
spring (March-May) to summer (June—August)
on both sides of the North Pacific. The figure also
shows the distribution of genetic samples examined
in the recent study (Pastene et al., 2022). Most
of the samples from the eastern side are from
LeDuc et al. (2012). Symbol color indicates sexes
(red=female, blue=male, black=unidentified).
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cally significant differences between whales on both sides
of the North Pacific; however, there was no concordance
between geography and haplotype network pattern.

The number of msDNA alleles per locus ranged from
2 to 7 (4.08 on average), and the H, ranged from 0.285
to 0.787 (0.593 on average). The F in each locus ranged
from 0.045 to 0.350 with 0.032 on average. The study
found no significant deviations from HWE across loci.

The mtDNA results, suggesting some degree of popula-
tion structuring, were consistent with the pattern of catch
and sighting data showing higher densities on either side
of the North Pacific, but little in between as shown in Fig-
ure 3 (Clapham et al., 2004). These findings support the
hypothesis of different populations occurring in the east-
ern and western sides of the North Pacific. The authors
also suggested the possibility of incomplete lineage sort-
ing of ancestral polymorphisms from a lack of structure in
haplotype network.

An alternative interpretation on these results was that
there is a single interbreeding population in the North
Pacific that is exhibiting mtDNA structuring as a result of
matrilineally driven seasonal site fidelity. Although the
authors could not rule out the alternative interpretation,
they considered, as the more plausible, the hypothesis
of two discrete breeding populations of right whales on
both sides of the North Pacific since such hypothesis is
supported also by the pattern of catches and sighting
distribution, and different catch and recovery histories
(Brownell et al., 2001; Clapham et al., 2004).

Sei whales

Dataset

A single dataset consisting of mtDNA control region
sequences (n=1,733) and msDNA genotypes at 17 loci
(n=1,729) was generated from specimens of sei whales
collected from different sources (Figure 3: Appendix 7
in Tamura et al., 2019). The genetic data generated from
these samples were divided into three areas for the pur-
pose of data analyses (Figure 4).

Main results and discussion

Pairwise Fst estimates between areas showed no
evidence of genetic heterogeneity in North Pacific sei
whales for both genetic markers. These results were also
supported by AMOVA and STRUCTURE analyses, which
showed a lack of genetic structuring of this species in the
oceanic areas of the North Pacific. These findings were
also consistent with results of comparable genetic diversi-
ties among areas as well as the results from the tests of
HWE and Fq estimates. Overall, the recent refined analy-
ses supported a single stock hypothesis as suggested

[ Western Central . Eastern
L L I

Figure 4. Sampling position of sei whales used in the re-
cent genetic analyses (Appendix 7 in Tamura
et al., 2019). Color indicates sample source; yellow:
historical commercial whaling during 1972-1973,
red: JARPNII during 2002-2016, and blue: POWER
during 2010-2013. Solid red line shows subareas.
The genetic data was stratified according to the
three areas, i.e. western, central and eastern, for
data analyses.
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Figure 5. Sampling position of Bryde's whales used in the
genetic analysis in Taguchi et al. (in press). Color
indicates sample source; yellow: historical com-
mercial whaling operated in 1979 and 1983-1984,
red: JARPNII during 2000-2016, blue: POWER dur-
ing 2013-2016, green: dedicated sighting survey
in 2012 and 2014, and gray: bycatch in 2010. Areas
enclosed by solid and dashed lines are sample
stratification according to management areas for
the western North Pacific Bryde's whales defined
by the IWC scientific committee (IWC, 2008; 2018).
Multiple genetic samples that were collected out-
side of these areas were assigned to the longitudi-
nally closest area, i.e. area 2.

previously.

Bryde's whales

Dataset

In the most recent study (Taguchi et al., in press), a total of
1,182 msDNA genotype sets at 17 loci and 1,195 mtDNA
control region sequences were analyzed (Figure 5). These
data were divided into the three management areas for
the purpose of data analyses (Figure 5).
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Main results and discussion

According to Taguchi et al. (in press), genetic diversities
were similar among areas and a haplotype network did
not show any geographic structure. However, an AMOVA
found evidence of genetic structure in this species. Pair-
wise Fg; and G, estimates, as well as heterogeneity tests,
attributed this genetic structure to weak, but significant
differentiation between areas 1W and 2. Furthermore,
a Mantel test and a high-resolution analysis of genetic
diversity statistics showed a weak spatial cline of genetic
differentiation.

Given that this study focused on whales in their feed-
ing grounds, these findings could be reconciled by two
possible scenarios: (1) the occurrence of a single popula-
tion with kin-association being responsible for feeding
ground preference, and (2) the occurrence of two popula-
tions, with feeding ground preference for either area 1W
or area 2; both populations mix geographically through
area 1E. The results from the DAPC were not inconsistent
with these scenarios. Given an estimated dispersal rate
of less than 2% between areas 1W and 2, which indicates
some demographic independency among whales in these
two areas, both scenarios should be considered based on
the precautionary principle in stock assessments.

Common minke whales

Recent genetic works have focused on refining the two-
stock hypothesis, O- and J-stocks, as well as investigating
whether additional structure exists within each stock.
Dataset

Recent studies have been based on mtDNA control region
sequences (n=4,706) and msDNA genotype sets at 16 loci
(n=4,707). The genetic samples were collected during the
Japanese Whale Research Programs under Special Per-

138E 143E 148E 153 158E

mit in the western North Pacific, Phases | and Il (JARPN/
JARPNII) conducted systematically in the western North
Pacific during spring—summer from 1994 to 2016, as well
as from bycatches which occurred along the Japanese
coast from 2001 to 2016.

Main results and discussion

P—-0O inferences and their geographical distribution
Goto et al. (2019) updated the analysis by Tiedemann
et al. (2017), and identified a total of 40 and 13 P-O
pairs for O- and J-stocks, respectively. The O-stock pairs
were found between coastal and offshore waters, while
J-stock pairs were distributed within and between the Sea
of Japan and the Pacific side of Japan (Figure 6). These
results provided no evidence for further stock structure
other than O- and J-stocks.
Spatially explicit clustering analyses

The results of sPCA in conjunction with those of DPAC
suggested the occurrence of the O- and J-stocks but

provided no evidence for additional structure in each
stock (Taguchi et al., 2019a), which was also supported
by the mtDNA analyses. These findings indicated a low
possibility that multiple stocks exist (other than the J- and
O-stocks) in the study area with overlapping geographic
ranges.

A study by de Jong and Hoelzel (2019) using three
other spatially explicit clustering tools including GENEL-
AND, TESS and BAPS showed different patterns of clus-
tering, and the authors stated that the most informative
approach was GENELAND using the mixture model with
correlated allele frequency model which supported K=4.
However, an additional work subsequently undertaken by
Taguchi et al. (2019b) examined the correspondence of
the four clusters by GENELAND with the available genetic
and non-genetic information, and concluded that the

168E

36N

Figure 6.

Distribution of parent—offspring pairs of O- (left) and J-stocks (right) in western North Pacific common

minke whale (blue square: parent, orange circle: mature offspring, red cross: immature or unknown off-

spring).
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most plausible scenario was for two populations (O- and
J-stocks) with complex spatial and temporal mixing along
the Pacific coast of Japan. de Jong and Hoelzel (2019)
further noted that some of the analyses conducted were
consistent with a scenario of coastal areas containing ge-
netically admixed individuals, and recommended further
analyses under the GENELAND as well under the TESS
and BAPS.

CONCLUDING REMARKS

Over the last two decades, many genetic studies focused
on stock identification and structure in western North
Pacific baleen whales have been undertaken. The driv-
ing force behind these analyses was to obtain informa-
tion to assist in determining effective conservation and
management. Of necessity, these studies were based on
genetic samples collected on feeding grounds and mi-
gratory corridors. In this context, they are based on the
concept of MUs described by Moritz (1994). The recent
studies summarized in this paper used several increas-
ingly sophisticated clustering approaches for the purpose
of identifying stocks, which showed statistical results
consistent with this criterion for defining stocks and con-
tributed to their stock assessment. It is also important to
make effort to investigate the stock structure of baleen
whales distributed in unsurveyed areas including breed-
ing grounds, and the genetic relationship of them with
whales distributed around Japan.

FUTURE WORKS

Genetic samples for other baleen whale species in the
western North Pacific (i.e. humpback whales, fin whales
and blue whales) are also available at the ICR. The genetic
data generated from these samples will be analyzed in
the near future to investigate their stock structure.

The development of a new genetic marker, which is
less error-prone than msDNA, i.e. SNP (Single Nucleotide
Polymorphism) is on-going at the ICR. This marker will be
used to perform the genetic analyses for all whale species
of interest. Such analyses will aid in a better understand-
ing of stock structure of baleen whales in the western
North Pacific.
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ABSTRACT

The Institute of Cetacean Research (ICR) has been conducting whale sighting surveys in the western North
Pacific Ocean for more than 25 years. The main purpose of these surveys is the collection of sighting data

required for abundance estimation of baleen whale species in this oceanic basin. Results of the analyses of

the data collected have revealed the pattern of distribution and abundance estimates of each whale species in

different years and in different periods within a year. Abundance estimates have been used for management

purposes (e.g. calculation of catch limits for sustainable commercial whaling) in the case of some species. This

paper presents a brief outline of the survey design and analytical procedures used, and of the main results

obtained so far.

INTRODUCTION

Information regarding the distribution and abundance of
whale species is essential in understanding the role and
impact of whales in the ecosystem. Abundance is also an
important piece of information required for establishing
policy of management of whales. For example, a time
series of estimates of absolute abundance derived from
sighting surveys is required under the Revised Man-
agement Procedure (RMP) for setting safe catch limits
of commercial whaling. The RMP is the management
procedure developed by the International Whaling Com-
mission’s Scientific Committee (IWC SC) for baleen whale
species.

One of the most common approaches for collecting
sighting data for abundance estimation purposes is the
vessel-based survey using the Line Transect (LT) method.
Japan through the Institute of Cetacean Research (ICR)
has conducted systematic research on whales in the west-
ern North Pacific for more than 25 years. The first one
was the Japanese Whale Research Program under Special
Permit in the western North Pacific (JARPN, 1994-1999),
which was followed by the second phase of this program
(JARPNII, 2000-2016). Subsequently, the New Scientific
Whale Research Program in the western North Pacific
(NEWREP-NP) was designed and implemented between
2017-2019. All these three research programs (JARPN,
JARPNII, NEWREP-NP) had an important sighting survey

component based on the LT method. Abundance esti-
mates based on sighting data collected by this survey
component have been crucial in the context of some of
the objectives of those programs, e.g. the estimation of
prey consumption by whale species. As noted above,
abundance estimates are key information for calculating
catch limit for commercial whaling on some species.

The objective of this paper is to presents a brief outline
of the survey design and analytical procedures used by
the ICR sighting surveys in the western North Pacific, and
to present the main results obtained so far.

RESEARCH AREA

The research area for the sighting surveys comprises the
Pacific side of Japan, north of 35°N, the Sea of Japan, and
Okhotsk Sea (see Figure 1). Each of these research areas
were divided into smaller strata, and the surveys were
conducted in spring (mainly May to June) and summer
(mainly August to September) seasons to investigate
whale distribution and abundance in each season.

VESSEL USED

Specialized vessels which have three observation plat-
forms were used in the surveys (Figure 2). Observers col-
lected whale sighting data from the platforms using bin-
oculars in the time period between sunrise and sunset.
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SURVEY METHODOLOGY

Sighting surveys were conducted by the LT method. The
survey protocols followed the IWC SC's Requirements and
Guidelines for Conducting Surveys and Analyzing Data
within the Revised Management Scheme (IWC, 2012a).
Under the LT method, vessels move on pre-determined
zigzag track lines, which cover the entire or a part of a
management area (Figure 3A). The start point is randomly
selected for each survey. The design of track lines does

Research area on the Pacific side of Japan, southern
Okhotsk Sea and Sea of Japan, covered by Japanese

Figure 1.
sighting surveys.

Top barrel
- (TOP)17.5m ‘
endent
(1OPI12.7m

not follow physical features such as isobaths which may
be correlated with whale distribution and their migration.

Observers search for whales from each platform on the
research vessels. When a whale school is detected, the
distance between observers and whales and the angle
from the track line to whales were recorded (Figure 3B)
together with the position of the research vessel and time
of the sighting.

ANALYTICAL PROCEDURES

Abundance estimation using sighting data is made using
distance sampling calculation (Buckland et al., 2001).
The methodology involves two main components. The
first component involves fitting the detection function to
sighting data. Initially it is assumed that whales are uni-
formly distributed and that they have the same probabil-
ity to be detected. However, searching activity is affected
by environmental factors (e.g. glare, fog, sea state), and
whales occurring far from the vessel are more difficult
to detect (Figure 4). Therefore, detection function (e.g.
Half-normal function and Hazard-rate function) should
be examined, and the best model is selected using the
Akaike Information Criterion (AIC) values.

Yushin-Maru No.2
Length overall 69.6m
Gross tonnage 747GT

Figure 2. Specialized research vessels used for sighting surveys (left: Kaiyo-Maru No.7, right: Yushin-Maru No.2). The
figures show the observation platforms (taken from Takahashi [2020] and Isoda et al. [2021]).

A) B)

Ly: Transect

Figure 3.
tion from different platforms (B).
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Detection probability
on the track line: g(0) = 1
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Figure 4. Diagram showing the detection probability assum-
ing g(0)=1. The probability of detection decreases
with distance from the vessel.
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where x is perpendicular distance, z is vector of several
covariates; and o represents scale parameter for incorpo-
rating the covariates in the detection function and a and
b are parameters of each key function.

The second component is for estimating abundance
using the detection probability derived from the detec-
tion function. The Horvitz—Thompson-like estimator is
one of the most frequently used methods. The principle
of the estimator is that the total number of whales pres-
ent are estimated from the proportion of the abundance
in the area surveyed (the covered area) to the entire sur-
vey area. To do this the abundance in the area surveyed is
calculated using the detection probability. The detection
function models are denoted f(x; _) where x is perpen-
dicular distance (from the track line to whales) and @ is a
vector of parameters of the key function to be estimated.

n

~ S.
_ § i
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w1 — ’
i=1 — -
Io wf(x,z,, 0)dx

where w is truncation distance from the track line, s; is
size of /' detected cluster (I=1, -+, n).

Then, it is scaled up to the full study area by multiply-
ing it by the ratio of covered area to study area. Here,
A/2wL represents proportion of entire research area to
area searched:

N=_"_N

2w covered

4 —
L

In reality, because of diving behavior, not all animals
are available for detection even when they are near the
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Figure 5. The searching effort by each Lat. 1°xLong. 1° grid
square covered by JARPN and JARPNII surveys during
1994 to 2014 (Matsuoka and Hakamada, 2019). The
gray scale shows the degree of searching effort.

vessel and/or on the track line. Therefore, this bias should
also be considered in the abundance estimation process.
This bias is known as availability bias and is different from
perception bias caused by human error under different
environmental conditions.

RESULTS ON DISTRIBUTION AND ABUNDANCE

Figure 5 shows the main research area and the total pri-
mary searching effort by each Lat. 1°xLong. 1° grid square
during 1994 to 2014 under JARPN and JARPNII surveys.

Table 1 shows the abundance estimates for each whale
species. The numbers of whales distributed in the JARPNII
survey area were estimated in the early and late seasons
(see Hakamada and Matsuoka, 2016a; 2016b).

Blue whales

The main distribution area for blue whales moved north-
ward from 35°N—40°N to north of 40°N during the spring
(May to June) to summer (August to September) seasons
(Matsuoka et al., 2016) (Figure 6). In the late 20th cen-
tury, they had never been observed in this area in June,
but this could have been caused by the difference in
regulations of the whaling operations for coastal and off-
shore whaling. In the late season, blue whales were more
frequently sighted north of 40°N (Figure 6), and the abun-
dance estimate was 958 animals (CV=0.461) (Table 1).

Fin whales

Fin whales were observed mainly in the Pacific side of
Japan but also occurred in the Okhotsk Sea and Sea of
Japan (Matsuoka et al., 2016). The main distribution
area was north of 37°N, and the highest density area was
north of 45°N. Fin whales were widely distributed across
the western North Pacific in the spring season, but they
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Table 1
Abundance estimates for several large baleen whale species. All estimates assumed g(0)=1, except for common minke whales in
which g(0)=0.798 (CV=0.134).

Spring season

Summer season

Species References
2009 2011+2012 2008
Blue whale 38 (0.977) 161 (0.474) 958 (0.461) Hakamada and Matsuoka (2016b)
Fin whale 413 (0.569) 1,369 (0.295) 3,958 (0.425) Hakamada and Matsuoka (2016b)
Sei whale 4,734 (0.177) 2,988 (0.304) 5,086 (0.378) Hakamada and Matsuoka (2016a)
Bryde's whale 2,957 (0.394) 1,851 (0.413) 13,306 (0.251) Hakamada and Matsuoka (2016a)
Humpback whale 1,136 (0.438) 1,921 (0.318) 392 (0.877) Hakamada and Matsuoka (2016b)
North Pacific right whale 0(—) 1,147 (0.434) 416 (0.653) Hakamada and Matsuoka (2016b)
Common minke whale 3,629 (0.586) 2,122 (0.371) 3,080 (0.677) Hakamada and Matsuoka (2016a)

Spring season: May to June, Summer season: August to September.

Early (2009) Early (2011 and 2012)

Late (2008)

Figure 6. Blue whales observed during the surveys (top). Sighting positions of blue whales (blue circles) on the track

lines, by survey period (bottom).

were more frequently sighted north of 40°N in the sum-
mer season (Figure 7), and the abundance was estimated
at 3,958 animals (CV=0.425) in this season (Table 1).

Humpback whales

The main distribution area of humpback whales was
north of 37°N from May to September (Matsuoka
etal., 2016). The highest density area was observed north
of 35°N (west of 158°E) and north of 45°N (east of 158°E).
They moved northward from 37°N to 43°N in the inshore
area of Japan during May to June, and to further north
of 45°N during July to August (Figure 8). The abundance
estimates were 1,136 (CV=0.438) to 1,921 (CV=0.318) in
the early seasons. Despite the surveys covering the entire
western North Pacific in the summer season, sightings of
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this species were not frequent in this season (Table 1).

North Pacific right whales

During the survey programs, 48 schools (68 individuals)
were observed north of 37°N from May to September
(Matsuoka et al., 2016) (Figure 9). The total abundance
was estimated to be 1,147 animals (CV=0.434) based
on the JARPNII data in the spring season of 2011/12
(Table 1).

Sei whales

The main distribution area of sei whales shifted north-
ward during spring to summer seasons (Murase et al.,
2016; Figure 10). The abundance estimate in the sum-
mer season was higher than that in the spring season
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(Table 1). The estimates should be considered as a part of
the total stock number of this species (see Taguchi et al.,
this issue).

Bryde's whales

The main distribution of Bryde's whale shifted north-
ward during the spring to summer season (Hakamada
et al., 2009). Their distribution was in lower latitudes
compared to other large baleen whale species (Fig-
ure 9). Table 1 shows the abundance estimates for
Bryde's whales in the spring and summer (July to Septem-
ber) seasons in this JARPNII area.

Common minke whales

Common minke whales are known to migrate further
north of the JARPNII survey area through early season to
late season (Hakamada et al., 2009) (Figure 12). Common
minke whales distribute primarily in the Sea of Okhotsk
and in the waters east of the Kamchatka Peninsula and
the Kuril Islands in August and September (Buckland et al,
1992; Miyashita, 2019). The estimated numbers distrib-
uted in the survey area were 3,629 (CV=0.586) and 2,122
(CV=0.371) in the spring season and 3,080 (CV=0.677) in
the summer season (Table 1).
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Figure 10. Seiwhales observed during the surveys (top). Sighting positions of sei whales (orange circles) on the track

lines, by survey period (bottom).

USE OF THE ABUNDANCE ESTIMATES FOR MAN-
AGEMENT PURPOSES

Japan resumed commercial whaling of North Pacific sei,
Bryde's and western North Pacific common minke whales
in July 2019. Catch limits for each species were set in
line with the RMP (IWC, 2012b). The core component of
the RMP is the Catch Limit Algorithm (CLA) (Aldrin and
Huseby, 2007; Aldrin et al., 2008), which is a feedback
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control algorithm that sets baleen whale harvest levels
based on catch histories and a time series of estimates
of absolute abundance derived from sighting surveys.
Implementation Simulation Trials (ISTs) are conducted to
assess uncertainties for several parameters in the case of
multi-stock scenarios.

Abundance estimates from ICR sighting surveys have
been fundamental in the process of applying the CLA
and ISTs to the three North Pacific baleen whale species.
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(purple circles) on the track lines, by survey period (bottom).

For species like the sei and Bryde’s whales, total stock
abundances have been obtained by combining the ICR es-
timates in the western North Pacific with estimates from
other surveys in the central and eastern North Pacific.

See details of the process for catch limit calculation in
Japan’s RMP Team (2019).

FINAL REMARKS

The ICR has conducted sighting surveys for more than
25 years, in collaboration with other institutions, using
a systematic survey procedure. The surveys revealed the
distribution and abundance of several large baleen whale

species in the western North Pacific Ocean. Moreover,
abundance estimates from the ICR surveys contributed
to the process for calculating catch limits for sustainable
commercial whaling of sei, Bryde’s and common minke
whales. There are several aspects that could improve the
abundance estimates in the future. Among them are the
estimates of g(0) for all species, evaluation of additional
variance for multi-year surveys and the use of model-
based approaches.
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ABSTRACT

Three baleen whale species, sei, Bryde's and common minke whales were surveyed during the former Japa-

nese scientific whaling programs in the western North Pacific Ocean conducted from 1994 to 2019. This paper

summarizes some life history-related biological parameters estimated for the three species, based on data

and samples collected during the research programs. These biological parameters are important as input data

for models aimed at studying the population dynamics of the species. Results therefore will contribute to the

management of these whale species in the western North Pacific.

INTRODUCTION

Three baleen whale species, sei (Balaenoptera borealis),
Bryde's (B. edeni brydei) and common minke (B. acuto-
rostrata scammoni) whales were surveyed by former
Japanese scientific whaling program in the western
North Pacific conducted by the Institute of Cetacean Re-
search (ICR). The target species for the Japanese Whale
Research Program under Special Permit in the North Pa-
cific (JARPN) (1994-1999) was the common minke whales
(GOJ, 1994). The second phase of this program (JARPNII)
(2000-2016) targeted Bryde's, common minke and sei
whales. The latter was added as a target species in 2002
(GOJ, 2000; 2002).

After the completion of the JARPNII, the New Scientific
Whale Research Program in the western North Pacific
(NEWREP-NP) commenced in 2017 and lasted until 2019
(GOJ, 2017). The target species were sei and common
minke whales. Figure 1 shows the baleen whale species
targeted by the former Japanese scientific whaling pro-
grams in the western North Pacific.

During these research programs, systematic biological
sampling was conducted on the whales taken. These in-
cluded earplugs for age determination, testes and ovaries
for determination of sexual maturity and estimation of
reproductive history, fetus for reproductive studies and
body length for growth studies. Some life history-related
biological parameters, which are important as input data

for population dynamics models, were estimated for the
three whale species based on data and samples collected
during the research programs.

This paper summarizes the results of biological
parameter estimations in sei, Bryde's and common
minke whales in the western North Pacific. It follows
more detailed analyses presented previously in Bando
(2017; 2018), Bando and Maeda (2020) and Maeda et al.
(2017).

SUMMARY OF BIOLOGICAL PARAMETERS IN
THREE BALEEN WHALE SPECIES

Laboratory and analytical procedures to estimate biologi-
cal parameters in baleen whales were explained in previ-
ous articles (Bando, 2017; 2018; Bando and Maeda, 2020;
Maeda et al., 2017). Details of these approaches are not
repeated here for brevity. The results of biological pa-
rameter estimations for the three species in the western
North Pacific are presented in this section.

Earplug age readability

In many baleen whale species, ages are estimated by
counting the number of growth layers accumulated in the
earplugs which are formed in the external auditory me-
atus (Lockyer, 1984a). During the scientific whaling pro-
grams, earplug age readability had improved compared
to the reading based on earplug collected from past
commercial whaling. This was due to careful sampling

19



Technical Reports of the Institute of Cetacean Research (2022)

Figure 1.

Baleen whale species targeted by the former Japanese scientific whaling programs in the western North

Pacific: sei whale (upper left); Bryde's whale (upper right); and common minke whale (lower).

of earplugs by experienced researchers and introduction
of a new gelatinized extraction method during the scien-
tific whaling programs (Bando, 2021; Bando and Maeda,
2020; Maeda, et al., 2013).

Sei whales

Bando and Maeda (2020) reported earplug age readabil-
ity of immature sei whales as 55.9% and 48.9% for males
and females, respectively. Readability in sexually mature
animals was higher. The values were 72.5% and 67.4% for
males and females, respectively.

Bryde's whales

Similar readability values were reported for Bryde's
whales. They were 43.8% and 40.8% for immature males
and females, respectively, and 74.0% and 76.4% for ma-
ture males and females, respectively (Bando, 2021).

Common minke whales

In the case of common minke whale, the readability
was somewhat lower. They were 35.4% and 34.7% for
immature males and females, respectively, and 49.2%
and 59.0% for mature males and females, respectively
(Maeda et al., 2016).

Growth curve
The growth curve of each whale species was estimated by
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fitting the von Bertalanffy growth model to body length
and age.

Sei whales

The growth curve of sei whales was estimated as L,=14.1
4(1_e—0.174(t+6.650)) for males, and L,= 15‘17(1_e—0.150(t+7.407))
for females (Bando and Maeda, 2020).

Bryde's whales

The asymptotic length of Bryde’s whales was slightly
smaller than that of sei whale. The growth curve was esti-
mated as L,=12.65(1-e 189*>2%0)) for males, and L,=13.3
0(1-e70170(t+4.929)) £ famales (Bando, 2021).

Common minke whales
The asymptotic length of common minke whales was
much smaller than the other two species. The growth
curve was estimated as L,=7.49(1-e %41*0%0)) for males,
and L,=8.66(1-e *1*7%%)) for females (Maeda, 2012).

In the three whale species, the asymptotic length was
greater in females than in males.

Maximum life span

Sei whales

Bando and Maeda (2020) reported the maximum age of
sei whales (estimated from earplug reading) as 54 years
for males and 43 years for females.
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Bryde's whales

Bando (2021) reported the maximum age of Bryde's
whales as 51 and 56 years for males and females, respec-
tively.

Common minke whales

Maeda et al. (2016) reported maximum age of male
and female common minke whales as 49 and 41 years,
respectively.

Age at sexual maturity

There are several methods to estimate age at sexual
maturity of baleen whales (Lockyer, 1984b). Age at 50%
sexual maturity (tm50%) is estimated by calculating the
ratio of immature and mature whales in each age. Age at
first ovulation (tmov) is estimated by mean age of whales
with one corpus luteum and no corpus albicans in both
ovaries. It is generally known that the transition phase in
earplugs of large baleen whales indicates sexual maturity
(Lockyer, 1972; Masaki, 1979; Kato, 1983; Ohsumi, 1986)
and age at sexual maturity (tmp) is estimated by mean
age of whales when the transition phase is formed.

Sei whales

Bando and Maeda (2020) estimated tm50% of sei whales
as 6.7 (SE=0.29) years for males and 6.9 (SE=0.27) years
for females, respectively. Tmov was estimated as 8.6 (SD=
3.14) years (Bando, 2017).

Bryde's whales

For Bryde's whales, tm50% were estimated as 7.72 (SE=
0.49) and 8.56 (SE=0.39) years for males and females,
respectively (Bando, 2021). Tmov was estimated as 10.1
(SD=1.13) years (Bando, 2017).

Common minke whales

Tmp was estimated as 7.68 (SD=1.81) years for males and
7.82 (SD=1.58) years for females (Maeda et al, 2017).
Tmov was estimated as 8.75 (SD=1.5) years (Maeda et
al, 2017).

Body length at sexual maturity

Body length at 50% sexual maturity (Lm50%) and first
ovulation (Lmov) are estimated in the same manner as
the age at 50% sexual maturity (tm50%) and age at first
ovulation (tmov). Lm50% is estimated by calculating the
ratio of immature and mature whales in each body length
class. Lmov is estimated by mean body length of whales
with one corpus luteum and no corpus albicans in both
ovaries.

Sei whales

Lm50% of sei whales was estimated as 12.72m (SE=0.12)
for males and 13.31 m (SE=0.12) for females (Bando and
Maeda, 2020). Lmov was estimated as 13.70m (SD=0.47)
(Bando, 2017).

Bryde's whales

Lm50% of Bryde's whales was slightly smaller than that of
sei whale, 11.41m (SE=0.25) for males and 11.75m (SE=
0.23) for females (Bando, 2021). Lmov was estimated as
12.13m (SD=0.62) (Bando, 2017).

Common minke whales

There are no available estimates of Lm50% and Lmov for
common minke whales. Common minke whales are known
to segregate in the western North Pacific by sex and sexual
maturity status (Zenitani et al., 2000a; 2000b). This fact will
bias the estimate of length at sexual maturity.

Pregnancy rate

Pregnancy rates are usually calculated as the proportion
of pregnant females among captured mature females.
However, in some cases, this value may differ from the
true pregnancy rate due to biases such as segregation and
the effect of mother and calf pair’s occurrence.

Sei and Bryde's whales

Most sei and Bryde's whales are thought to give birth
every two or more years. Females accompanied by calf
are considered to have a low pregnancy rate because
they were pregnant in the previous year. If females with
calf were excluded from samples, pregnancy rate may be
overestimated. Bando (2017) estimated pregnancy rate
of sei and Bryde’s whales with correction of the effect of
mother and calf pair (which were not targeted for sam-
pling in most years) as 0.650 and 0.491, respectively.

Common minke whales

Pregnancy rates of common minke whale have not been
estimated due to the small number of mature female
samples. Most of the mature females distribute outside
of the research area (Hatanaka and Miyashita, 1997;
Wada, 1989).

Conception Date

In baleen whales, growth of fetus after the early stage of
development is considered to be linear with time, and
methods for estimating conception date from foetal length
and date of capture has been developed (Huggett and
Widdas, 1951; Kato and Miyashita, 1991; Lockyer, 1984b).
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Sei and Bryde's whales

Bando (2017) calculated conception dates based on the
analysis of fetuses from 414 sei and 177 Bryde's whales.
He reported that the conception season of sei whales
lasts from November to March, with a peak from Decem-
ber to February, and that of Bryde's whales is year-round,
with a moderate peak from October to May.

Common minke whales

As for minke whales, two biological stocks are known
to exist in the western North Pacific, the J and O stocks
(see reviews in Goto et al., 2017; 2021). Both stocks are
reported to have different conception seasons, the O-
stock from November to June with a single winter peak,
and the J-stock from August to March with a peak from
autumn to winter (Bando et al., 2010, Goto et al., 2021).

Annual ovulation rate
Annual ovulation rate was estimated from regression of
age and number of corpora in the ovaries.

Sei and Bryde's whales

Annual ovulation rate was estimated as 0.744/year for sei
whales and 0.526/year for Bryde’s whales, respectively
(Bando and Maeda, 2020; Bando, 2021).

Common minke whales
There is no estimate available for common minke whales.

Foetal sex ratio

Sei and Bryde's whales

Bando (2017) reported foetal sex ratio (male ratio) of sei
whales as 51.9% (n=418) and that of Brydes's whales as
53.3% (n=169). No significant difference from parity was
detected for sei and Bryde's whales.

Common minke whales
There are no estimates available for common minke
whales.

Litter size

In baleen whale species, the number of fetuses is usually
one. However, multiple fetuses (twins in most cases) are
observed occasionally (Kimura, 1957; Lockyer, 1984b).

Sei and Bryde's whales
Litter sizes were estimated as 1.007 for sei whales (n=420),
and 1.011 for Bryde's whale (n=177) (Bando, 2017).

Common minke whales
There are no estimates available for common minke
whales.

Table 1 summarizes the estimates of life history-related
biological parameters in sei, Bryde's and common minke
whales in the western North Pacific.

CONCLUDING REMARKS

Several biological parameters of three baleen whale
species were estimated from the samples collected by
scientific whaling programs conducted by the ICR. Dur-
ing these surveys, a wide range of whale samples, from
young to old, were collected by random sampling method
which led to a more accurate estimation of biological
parameters than that estimated from past commercial
whaling data. Some biological parameters respond to
changes in their environment such as food availability
or fecundity, which will affect the status of whale stocks.
Biological parameters are also important as input data
for models aimed at studying the population dynamics
of the species. The estimated biological parameters will
contribute to the management of these whale species in
the western North Pacific Ocean.
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ABSTRACT

The results of the sighting survey of the Japanese Abundance and Stock structure Surveys in the Antarctic
(JASS-A) in the 2021/2022 austral summer season are reported. A dedicated sighting vessel was engaged in

the line transect method survey in the eastern part of Antarctic Area VI East (130°W-120°W) for 33 days, from

11 January to 12 February 2022. For the survey, the research area was divided into northern and southern

strata. In addition, surveys were conducted successfully in coastal ice-free waters, south of 72°S, an area that

is normally covered by pack-ice and difficult for vessels to access. The total searching distance in the research
area was 1,333.5n.miles (2,469.6 km). Four baleen whale species and at least four toothed whale species were
sighted in the research area. Other research activities such as biopsy sampling, photo-ID, satellite tagging, and

oceanographic observations were also conducted. The data and samples collected are required for the main

and secondary research objectives of JASS-A.

INTRODUCTION

Long-term systematic surveys on whales and the ecosys-
tem in the Antarctic, such as the JARPA/JARPAIIY, NEWREP-
A?, and IDCR/SOWER?, obtained important data pertaining
to the study of abundance and abundance trends of large
whales and their biology as well as the role of whales in
the Antarctic ecosystem. All these research programs have
been terminated. The last NEWREP-A survey was carried
out in the 2018/2019 austral summer season.

The Japanese Abundance and Stock structure Surveys
in the Antarctic (JASS-A) commenced in the 2019/2020
austral summer season because it was considered impor-
tant to continue with the whale and ecosystem surveys
in the Indo-Pacific region of the Antarctic Ocean through
dedicated sighting surveys and other non-lethal research
techniques. JASS-A has two main research objectives,
i) the study of the abundance and abundance trends of
large whale species, and ii) the study of the distribution,

movement, and stock structure of large whale species.
JASS-A also has several secondary research objectives
related to oceanography, marine debris, genetic data to
estimate abundance, whale biology, and study on the util-
ity of Unmanned Aerial Vehicle (UAV). The JASS-A program
was presented to the 2019 meeting of IWC SC* (GOJ,
2019a), the 2019 meeting of CCAMLR-EMM?® (GOJ, 2019b),
and the 2019 meeting of NAMMCO SC°® (GOJ, 2019c).

The approach of JASS-A is systematic vessel-based
sighting surveys utilizing the ‘line transect method’. Sur-
veys are designed and conducted following the protocols
included in the ‘Requirements and Guidelines for Con-
ducting Surveys and Analysing Data within the Revised
Management Scheme’ (IWC, 2012). Sighting protocols
are the same as those used in the former IDCR/SOWER
surveys (Matsuoka et al., 2003). The JASS-A surveys are
conducted alternatively in IWC Management Areas llI, IV,
V, and VI by one or two specialized vessels, over a tenta-
tive period of eight austral summer seasons.

Japanese Whale Research Programs under Special Permit in
the Antarctic, Phases | and Il

New Scientific Whale Research Program in the Antarctic
Ocean

International Decade for Cetacean Research/Southern Ocean
Whale and Ecosystem Research

International Whaling Commission-Scientific Committee
Commission for the Conservation of Antarctic Marine Living
Resources-Working Group on Ecosystem Monitoring and
Management

North Atlantic Marine Mammal Commission-Scientific Com-
mittee
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The first and second JASS-A surveys were carried out in
the 2019/2020 and 2020/2021 austral summer seasons
and covered the sector 000°—035°E of Antarctic Area
Il West. The third survey was carried out during the
2021/2022 season and covered the sector 130°W-120°W
of Antarctic Area VI East. This paper presents a summary
of the 2021/2022 JASS-A survey results. The Appendix
shows photographs of whales, experiments and Antarctic
environment taken during the 2021/2022 survey.

SURVEY DESIGN

Research area

The research area of JASS-A is comprised of IWC Manage-
ment Areas lll, IV, V, and VI, south of 60°S (Figure 1). The
research area in the 2021/2022 season was the eastern
part of Antarctic Area VI East (130°W-120°W), south of
60°S (Figure 1). The area was divided into northern and
southern strata. The boundary between these strata was
defined by a line 45 n.miles from the northern edge of the
pack-ice (Figure 2). In addition, an area of ice-free waters
(polynya) was formed between the southern edge of the
pack-ice and the ice shelf, south of 72°S in early January
(Figure 2). Details of the ice configuration are shown in
Figure 3. The ice-free waters (in the range of 125°W to
110°W) became accessible to the vessel in early February.

Research vessel

The dedicated sighting vessel Yushin-Maru No. 2 (YS2)
was engaged in the survey. Its specifications are indicated
in Figure 4. Three Japanese researchers participated

Arealll Arealll

g : 4\;3026
Area VI > Area\) \
1 _‘7 - « i""."fth
Figure 1. Research area of JASS-A. The shaded area

(130°W-120°W) indicates the surveyed area in the
2021/2022 austral summer season.
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in the survey. They had experience in conducting line
transect surveys, biopsy sampling, photo-identification
(photo-ID), satellite tagging, and oceanographic survey
in the Antarctic through the previous JARPA/JARPAII and
NEWREP-A programs.

Sighting procedures, mode and experiments

See Isoda et al. (2022) for details of the procedures used
for sighting surveys and other research activities such as
sighting distance and angle experiment, photo-ID, biopsy
sampling, satellite tagging, oceanographic survey, marine
debris observation, and survey using UAV.

RESULTS OF THE SURVEY

Narrative of the survey

Table 1 shows the itinerary of the survey. The duration
of this cruise was 109 days. The YS2 departed Shiogama,
Japan on 3 December 2021, arriving back at the home
port on 20 December 2021. The YS2 started the sight-
ing survey in Antarctic Area VI East at 68°37’S; 120°00'W
on 11 January. The survey was completed at 73°51'S;
120°00°'W on 12 February. The YS2 arrived back at the
home port on 1 March and in Japan on 21 March.

60° 5

Northern stratum =)

65° 5

Southern stratum
70° 54

140w 130w 120w 110W
Figure 2. Research area (130°W-120°W) indicating northern
and southern strata, and searching efforts (black
lines) of the JASS-A survey in 2021/2022 austral
summer season. The research commenced at
68°37'S; 120°00'W and ended at 73°51'S; 120°00"W.

Note the ice-free waters south of 72°S.
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Figure 3. Maps of the pack-ice distributions in the research area for dates 5 January (upper left), 15 January
(lower left), 25 January (upper right) and 5 February (lower right) 2022, constructed by Japan Aerospace

Exploration Agency (JAXA), based on observational data acquired by the Advanced Microwave Scanning

Radiometer 2 (AMSR2). Note that the ice-free waters became accessible to the vessel in early February.

Top barrel platform

/ (TOP), height 19.5m
oy Independent Observer Platform

(10P), height 13.5m

Yushin-Maru No.2

Length overall 69.6m
Gross tonnage 747GT

Figure 4. The dedicated sighting vessel Yushin-Maru No. 2 and its three observation platforms: top barrel platform
(TOP), Independent Observer Platform (IOP) and Upper Bridge Platform (UBP).

Research effort in the research area

Table 2 shows a summary of the searching effort spent
during the survey. The YS2 was engaged in the research
for 33 days, from 11 January to 12 February 2022. The
total searching effort was 1,333.5n.miles (2,469.6 km);
659.0 n.miles in NSP mode during 60 hour 27 minutes of
research and 674.4n.miles in 10 mode during 62 hour 21
minutes of research. In the northern stratum, the total
searching effort was 731.2n.miles (NSP: 322.7 n.miles;
10: 408.5 n.miles), and the searching effort coverage was
62%. In the southern stratum, the total searching effort

was 254.6 n.miles (NSP: 145.8 n.miles; 10: 108.8 n.miles),
and the searching effort coverage was 92%. In the coastal
ice-free waters, the total searching effort was 347.7n.
miles (NSP: 190.5n.miles; 10: 157.2n.miles), and the
searching effort coverage was 83%.

Therefore, a good distribution of effort within both
strata and survey mode was achieved. The total experi-
mental time for photo-ID, biopsy sampling, tagging, and
distance and angle experiment was 22 hours 00 minutes.
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Table 1
Itinerary of the 2021/2022 JASS-A dedicated sighting survey.

Date (y/m/d)

Event

2021/11/16 Planning meeting at Tokyo, Japan
2021/12/2 Pre-cruise meeting in Shiogama, Japan
2021/12/3 YS2 departed Shiogama, Japan
2021/12/13 Transit survey started at 0°00’; 163°00'E
2021/12/20 YS2 arrive at the home port
2022/1/11 Transit survey finished and survey started in the research area at 68°37’S; 120°00'W
2022/2/12 Survey completed in the research area (33 days) and transit survey start at 73°51'S; 120°00'W
2022/3/1 YS2 arrive at the home port
2022/3/9 Transit survey completed at 0°00’; 163°00'E
2022/3/21 YS2 arrived in Japan and post cruise meeting carried out in Shiogama, Japan
@
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(a) Geographical distribution of primary sightings of Antarctic minke, fin, humpback, and Antarctic blue

whales. (b) The distribution of Antarctic minke whales (pink circle) in the ice-free waters. Rolling 32 days aver-

age sea surface temperature (left) and chlorophyll concentration (right) from 17 January to 17 February 2022

were observed by MODIS-Aqua and MODIS-Terra (Original data: Ocean colour web, from https://oceancolor.

gsfc.nasa.gov/ (Accessed 2022-7-30)). Note that sea surface temperature was lower and chlorophyll concen-

tration was higher in the western part, where the density of Antarctic minke whales was high.

Whale sightings in the research area

Four baleen whale species and at least four toothed
whale species were sighted in the research area. The
dominant whale species in the research area was the Ant-
arctic minke whale (83 schools/142 individuals) followed
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by the fin whale (44/64). Sightings of other species were
as follows: humpback (26/36), Antarctic blue (5/6), sperm
(9/10), Arnoux’s beaked (1/8), southern bottlenose (1/1),
killer (5/71, include Types B, C and undetermined type)
and Ziphiidae (4/6) whales (Table 3).
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Table 2
Summary of searching effort (time and distance) and time (hours) spent during the 2021/2022 JASS-A survey.

Searching effort . .
i . . Experiment time
Date and time (distance [n.miles] .
. K [hours:minutes:seconds]
and time [hours:minutes:seconds])

Survey Sections

Photo-ID, Estimated
Biopsy, angle and
Start End NSP 10 Psy. . &
Satellite tag distance training/
experiment experiment
Transit survey 2021/12/13  2021/12/18 124.2 10:44:29 — — 0:14:08 —
(0°00—Entering foreign countries EEZ) 14:59 18:00
Transit survey 2021/12/26  2022/1/11 579.9 50:46:32 — — 2:55:24 1:40:57
(Leaving foreign countries EEZ-Research area) 8:35 9:02
Research area 2022/1/11 2022/2/1 468.5 43:18:40 517.2 47:36:56 13:18:08 3:44:27
(Area VIE 130°W-120°W) 9:02 18:08
Navigation/transit survey 2022/2/1 2022/2/8 — — — — 3:56:13 —
to the coastal ice-free waters, south of 72°S 18:08 14:06
Coastal ice-free waters, south of 72°S 2022/2/8 2022/2/12 190.5 17:08:29 157.2 14:44:45 1:02:08 —
(130°W-120°W) 14:06 10:03
Transit survey 2022/2/12  2022/2/22 782.2 67:39:37 — — 6:20:12 —
(Research area—Entering foreign countries EEZ) 10:03 17:05
Transit survey 2022/3/8 2022/3/9 177.9 14:45:22 — — — —
(Leaving foreign countries EEZ-0°00) 6:30 12:05
| 2021/12/13 2022/3/9 23232 204:23:09 674.4 62:21:41 27:46:13 5:25:24
Tota
14:59 12:05
Table 3

Number of sightings made during the 2021/22 JASS-A survey in the research area, by stratum and species.

Eastern part of Area VIE (130°W-120°W)

Coastal ice-free waters, Sub-total
Southern stratum Northern stratum Total
Species south of 72°S
Prim. Second. Prim. Second. Prim. Second. Prim. Second.

Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind.

Antarctic blue whale 0 0 0 0 4 5 1 1 0 0 0 4 5 1 1 5 6
Fin whale 0 0 0 0 41 60 3 4 0 0 41 60 3 4 44 64
Like fin 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1
Antarctic minke whale 4 6 0 0 11 13 1 1 64 119 3 3 79 138 4 4 83 142
Like minke 0 0 0 0 0 0 0 0 2 2 1 2 2 2 1 2 3 4
Humpback whale 0 0 0 0 18 24 8 12 0 0 o0 0 18 24 8 12 26 36
Like humpback 0 0 0 0 2 2 0 0 0 0 0 0 2 2 0 0 2 2
Baleen whale 1 1 0 0 2 2 0 0 0 0 0 0 3 3 0 0 3 3
Sperm whale 5 5 0 0 3 4 1 1 0 0 0 0 8 9 1 1 9 10
Southern bottlenose whale 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1
Arnoux’s beaked whale 0 0 0 0 0 0 0 0 1 8 0 0 1 8 0 0 1 8
Killer whale (undetermined type) 0 0 0 0 0 0 0 0 3 44 0 0 3 44 0 0 3 44
Killer whale (type B) 1 21 0 0 0 0 0 0 0 0 0 0 1 21 0 0 1 21
Killer whale (type C) 0 0 0 0 0 0 0 0 1 6 0 0 1 0 0 1 6
Ziphiidae 1 1 0 0 2 3 1 2 0 0 0 0 3 4 1 2 4 6
Unidentified whale 0 0 0 0 3 3 0 0 0 0 o0 0 3 0 0 3 3

Prim.: primary sighting, Second.: secondary sighting, Sch.: school, Ind.: individual.
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Table 4
Summary of the results of experiments conducted during the 2021/2022 JASS-A survey.

Experiments

Results and descriptions

Sighting distance and angle experiment 128 trials completed by 30 January

Photo-ID

Obtained from 7 Antarctic blue, 9 humpback and 10 killer whales

Collected from 2 Antarctic blue, 12 fin, 15 Antarctic minke, 11 humpback, 1 Bryde's
whales and 2 killer whales

Deployed on 9 fin and 15 Antarctic minke whales

116 XCTD casts

A fishing buoy was observed in the research area

UAV Aerial images collected from 2 Antarctic blue, 6 Antarctic minke and 3 humpback whales

Antarctic minke whales

Antarctic minke whales were widely distributed in the
research area (Figure 5a). It was the only species sighted
in the ice-free waters with high density. This observation
is consistent with the interpretation of Fujise and Pastene
(2021) that larger numbers of this species are being dis-
tributed in polynyas within the pack-ice in recent years,
possibly in search of alternative feeding areas in response
to the increase in abundance and geographical expan-
sion of other large whale species (e.g. humpback and
fin whales). A sighting survey using an icebreaker vessel
(Ainley et al., 2007) found no Antarctic minke whales
within coastal polynyas in an area similar to that surveyed
in the present survey. However, this earlier survey was
conducted in 1994 and the distribution of this species in
polynyas is postulated for recent years.

The density of Antarctic minke whales in ice-free wa-
ters was generally high. However, the number of sightings
east of 125°W (eastern side) was noticeably lower. The
sea surface temperature (SST) map shows that the SST in
the eastern side was relatively high and the chlorophyll
concentration was relatively low compared to the west-
ern side (Figure 5b). In addition, the water colour in the
eastern side was clear, while the colour in the western
side was brownish and muddy suggesting waters with
higher productivity. Therefore, a possible explanation for
the lower whale density on the eastern side is that waters
on this side are less productive, as suggested by low chlo-
rophyll concentration, which could be translated into less
phytoplankton and less krill for the whales to feed. Future
detailed analysis of the XCTD observation data will lead to
a better understanding of environmental factors affecting
the Antarctic minke whale distribution in ice-free waters.

Fin whales
Fin whales were widely distributed only in the northern
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stratum (Figure 5a). The density was higher than that in
the previous 2000/2001 SOWER survey in the same sec-
tor (Ensor et al., 2001). The abundance of this species
appears to be increasing, as suggested for Antarctic Areas
V+VI West (Matsuoka and Hakamada, 2014).

Humpback whales

Humpback whales were widely distributed in the north-
ern stratum with higher concentrations observed in the
southern part of this stratum (Figure 5a). The density was
higher than that in the 2000/2001 SOWER cruise in the
same sector (Ensor et al., 2001), confirming the view that
this species is increasing in this area.

Antarctic blue whales

All Antarctic blue whales were observed in the northern
stratum (Figure 5a). The density was a little higher than in
the 2000/2001 SOWER cruise in the same sector (Ensor
etal., 2001).

Duplicate sightings

Duplicates sightings were those sightings made concur-
rently by both the IOP and TOP barrel observers during
the 10 mode survey. These data will be used to estimate
g(0), which in turn will be used to adjust estimates of
abundance. There was a total of 31 duplicates involving
several whale species.

Other research activities
Table 4 shows a summary of results of different experi-
ments.

Sighting distance and angle experiment

The sighting distance and angle experiment was conduct-
ed in order to evaluate the accuracy of sighting distance
and angle provided by primary observers. The results of
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this experiment will be used for the calculation of abun-
dance estimates. A training for this experiment was con-
ducted on 7 January. The actual experiments, comprising
128 trials, were successfully completed on 30 January.

Photo-ID

Photo-ID data is used for individual matching exercise to
investigate distribution and movement of large whales. A
total of 7 Antarctic blue, 9 humpback and 10 killer whales
were successfully photo-identified during the entire
survey. These data will be registered into the Institute
of Cetacean Research (ICR) database (see Matsuoka and
Pastene, 2014).

Biopsy sampling for large whales

Biopsy samples are used for genetic studies on stock
structure of large whales and for other feasibility studies
related to the specific objectives of the JASS-A. For the
entire survey, a total of 43 biopsy samples were collected
from 2 Antarctic blue, 12 fin, 15 Antarctic minke, 11
humpback, 1 Bryde's (in transit area), and 2 killer whales,
using the Larsen system (Larsen, 1998). Biopsy samples
were stored at -20°C.

Satellite tagging

Satellite tagging is used for the study of movement,
distribution and stock structure of whales. The satellite-
monitored tags (SPOT and SPLASH-types, Wildlife Com-
puters, Redmond, Washington, USA) were deployed
with the Air Rocket Transmitter System (ARTS) (LK-ARTS,
Skutvik, Norway). The detail of deployment system and
protocols, and research results to date were described in
Konishi et al. (2020). In the research area, 9 and 15 satel-

“Twow | wew | mow | 10w
Figure 6. Oceanographic stations (XCTD casting points). Red

circle: research area; black circle: transit.

lite tags were deployed on fin and Antarctic minke whales
respectively.

Oceanographic survey

Oceanographic observations are important to understand
the relationship of whales and the physical environment.
The vertical distribution of water temperature and salin-
ity were recorded from sea surface to 1,850m water
depth using XCTD system (eXpendable Conductivity,
Temperature and Depth profiler, Tsurumi-Seiki Co., Ltd.,
Yokohama, Japan; probe type: XCTD-4 and XCTD-4N)
with Digital Converter MK-150P at 116 stations along the
survey track lines (Figure 6). Oceanographic data will be
analysed to study the oceanographic structure of the re-
search area and the relationship with whale distribution.

Marine debris observation

Studies on marine debris in the Antarctic are very scarce.
It is therefore important to continue with this kind of sur-
vey in order to monitor future trends in the occurrence of
marine debris. One fishing buoy was observed in the re-
search area. These data will be registered into the ICR da-
tabase and reported in the future (e.g. Isoda et al., 2021).

Feasibility study on the utility of UAV

This technique will be used to refine observations related
with whale abundance and distribution, e.g. determine
the number of individuals in the schools. The technique
can be used also for photogrammetry studies. Aerial im-
ages were collected for a total of two Antarctic blue, six
Antarctic minke and three humpback whales using small
UAV, Inspire 2 Pro and DJI phantom 4 Pro (video clips
can be accessed at https://www.youtube.com/channel/
UCz3c9lIMiQPVeryAogmllig). These data will be regis-
tered into the photo-ID catalogue of ICR.

Sighting survey in low-middle latitude area
Sighting survey was conducted between the equator and
the research area (includes transit to the starting point
within the research area), excluding areas of the foreign
countries’ EEZs. The searching effort was 704.1 n.miles and
the total sightings included fin (4/4), Antarctic minke (4/5),
and humpback (1/2), Bryde's (1/1) and sperm (4/4) whales.

During the transit survey from the Antarctic research
area to the equator (includes transit from the ending
point within the research area), the searching effort was
960.1 n.miles and the total sightings included fin (10/24),
Antarctic minke (2/2), humpback (8/15), sperm (1/1) and
Arnoux’s beaked (1/3) whales.

During the transit surveys, biopsy samples were col-

31



Technical Reports of the Institute of Cetacean Research (2022)

lected from five fin, two Antarctic minke, seven hump-
back, and one Bryde's whales.

HIGHLIGHTS OF THE SURVEY

The 2021/2022 JASS-A survey covered the eastern part of
Area VI East (130°W-120°W) and succeeded in collecting
sighting data necessary for the abundance estimation of
cetaceans in this area. Of particular importance was the
survey conducted in ice-free waters south of 72°S. Several
other data necessary for understanding stock structure,
movement and the environment of whales were col-
lected during the survey. The data collected through
the JASS-A will be analysed in conjunction with the data
collected by the previous JARPA/JARPA, NEWREP-A and
IDCR/SOWER surveys in the same region so that the
analyses can be based on a long and consistent data set.
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Appendix 1.

Photographs from 2021/2022 JASS-A survey

Photo 1. Antarctic minke whale. Photo 2. Antarctic minke whale within the pack ice.

Photo 3. Antarctic blue whale. Photo 4. Fin whale.

Photo 5. Humpback whale. Photo 6. Killer whale.
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Photo 7. Navigating within the pack-ice. Photo 8. Sighting activity at the Upper Bridge Platform.

Photo 9. Sighting activity near an iceberg. Photo 10. Buoy used in the angle and distance experiment.

Photo 11. Oceanographic observation using XCTD. Photo 12. Biopsy sampling on humpback whale.
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ABSTRACT

Vessel-based sighting surveys were conducted in 2021 by the Institute of Cetacean Research to examine the
distribution and abundance of whales in the western North Pacific Ocean. The research area was between
30°N-53°N and 150°E—-155°W. The surveys were conducted between 4 August and 30 September, and two
research vessels, Yushin-Maru and Kaiyo-Maru No.7, were engaged in the surveys. A total of 3,713.8 n.miles
was searched by the passing mode in the research area. Coverage of the searching efforts on the planned
cruise track line was 70.4%. In total, seven large whale species, including blue (17 schools/20 individuals), fin
(78/124), sei (102/156), Bryde's (57/72), common minke (1/1), humpback (13/16) and sperm (94/193) whales
were sighted during the research period. Photo-ID images were collected from blue (12 individuals), hump-
back (5 individuals) and sperm (1 individual) whales. Biopsy skin samples using a Larsen system were collected
from blue (n=1), fin (n=5), sei (n=15) and humpback (n=3) whales. The density indices of blue and fin whales
have increased notably since the last survey in the same research area 10 years ago. Furthermore, Bryde's and

humpback whales, which were not detected in the previous surveys, were sighted in the 2021 surveys.

INTRODUCTION

Dedicated cetacean sighting surveys in the western North
Pacific have been conducted in the summer season since
1995, as a part of the Japanese Whale Research Program
under Special Permit in the western North Pacific (JARPN/
JARPNII) and the New Scientific Whale Research Program
in the western North Pacific (NEWREP-NP), based on the
survey procedures of the International Whaling Commis-
sion/Southern Ocean Whale and Ecosystem Research
(IWC/SOWER) (Anon, 2008). Based on the data collected
from those surveys, the distribution patterns of large
whales such as blue, fin, sei, Bryde's, common minke,
humpback, North Pacific right and sperm whales, and
abundance estimates of common minke, sei, and Bryde's
whales were investigated and reported to the IWC Scien-
tific Committee (SC) (IWC, 2001; 2010; 2016).

The Fisheries Resources Institute (FRI) has also con-
ducted dedicated sighting surveys for cetaceans in the
North Pacific Ocean since the 1980s (Buckland et al.,
1992; Miyashita et al., 1995; Miyashita and Kato, 2004;
Shimada, 2004; Kanaji et al., 2012). In 2019, the Govern-
ment of Japan decided to continue the sighting surveys
in the North Pacific (IWC, 2019) under the rationale that
the collection of sighting data to estimate abundance

36

and biopsy/photo-identification data to examine stock
structure have contributed in the past to the work on the
management and conservation of large whales by the
IWC SC (IWC, 2016).

This paper reports the results of the latest Japanese
dedicated sighting surveys conducted by the Institute of
Cetacean Research (ICR) between 4 August and 30 Sep-
tember 2021.

SURVEY DESIGN

Research vessels

The surveys in 2021 were conducted by the research ves-
sels Kaiyo-Maru No.7 (KY7) and Yushin-Maru (YS1). The
vessels were equipped with a top barrel platform (TOP),
10 barrel platform (IOP) and upper bridge. Specifications
of these vessels are shown in Figure 1.

Research period and area

In 2021, surveys were conducted in late summer (August
to September), and the research areas were between
30°N—40°N and 150°E—180°for KY7, and between 40°N—
53°N and 180°-155°W for YS1 (Figure 2).

Track line design
The pre-determined track lines in the research area are
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Kaiyo-Maru No.7 (649 Gross tonnage)
Top barrel: 17.5m, 10 barrel: 12.7m, Upper bridge: 9.6m
o

50°N

Figure 1. Research vessels Kaiyo-Maru No.7 (KY7) (left) and Yushin-Maru (YS1) (right).
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Figure 2. Research areas of the 2021 sighting survey held from August to September. KY7 covered the green area,

and YS1 covered the blue area.

shown in Figure 2. The start point of the track lines were
decided randomly using the “Distance program ver. 7.0"
(Thomas et al., 2010), and the number of the line tran-
sects was decided by considering the research schedule
and based on the IWC survey guidelines (IWC, 2012).

Sighting procedures

The sighting survey was conducted using (1) Normal Pass-
ing mode (NSP) and (2) Passing with Independent Ob-
server mode (I0). Data obtained under the 10 mode are
useful for future estimations of g(0). Both survey modes
followed the protocol endorsed for the SOWER surveys
(e.g. Matsuoka et al., 2003; Anon, 2008; IWC, 2012).

For NSP mode, there were two primary observers
on the top barrel platform (TOP) and two (captain and
helmsman) on the upper bridge. All primary observers
engaged in the searching activity for cetaceans by using
angle board and scaled binoculars (7x).

For 10 mode, there were two primary observers on
the TOP and two on the |0 barrel platform (IOP). These
observers conducted the searching activity for cetaceans

by using angle board and scaled binoculars (7x). There
was no open communication between the IOP and the
TOP. The observers and researchers on the upper bridge
communicated to the TOP (or IOP) independently only to
clarify information, and did not distract the top-men from
their normal searching procedure. These primary observ-
ers report sighting-information to researchers and other
observers on the upper bridge for data recording.

The sighting survey effort began 60 minutes after
sunrise and ended 60 minutes before sunset, with a
maximum of 12 hours per day when the weather condi-
tions were acceptable for observations: visibility better
than 2.0n.miles and wind speed less than 21 knots. The
searching speed was planned to be 10.5 to 11.5 knots
with slight adjustments to avoid vibration of the vessel.

Experiments

Distance and angle experiments were conducted in the
middle of the survey period. The experiment was con-
ducted to evaluate measurement error, and followed the
protocol of the IWC/SOWER and IWC-POWER surveys
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Table 1
Summary of the survey periods and searching effort in each research area.

Planned cruise

Searching effort

Searching effort ~ Searching effort Coverage of

Vessel Research period track NSP 10 Total effort
(n.miles) (n.miles) (n.miles) (n.miles) (%)
2021/08/11-08/21 1,226.1 455.1 470.7 925.8 75.5
KY7

2021/08/30-09/09 1,392.5 533.1 534.4 1,067.5 76.7

Ys1 2021/08/18-09/20 2,658.6 752.3 968.2 1,720.5 64.7

Total - 5,277.2 1,740.5 1,973.3 3,713.8 70.4

Table 2
Numbers of sightings of large cetaceans, by species and research vessel in the 2021 surveys.
Transit KY7 YS1
Vessel . Total
(Including both vessels) (150°E-180°) (180°-155°W)
Prim. Second. Prim. Second. Prim. Second. Prim. Second.
Species
Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind.

Blue whale 0 0 0 0 0 0 0 0 17 20 0 0 17 20 0 0
Fin whale 8 13 0 0 0 0 66 107 3 3 75 121 3 3
Sei whale 1 1 0 0 0 0 0 0 98 146 3 9 99 147 3 9
Bryde's whale 12 20 1 1 20 25 0 0 24 26 0 0 56 71 1 1
Common minke whale 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0
Humpback whale 0 0 0 0 0 11 13 2 3 11 13 2 3
Sperm whale 32 72 3 5 34 90 0 0 24 25 1 1 90 187 4 6

Prim.: primary sighting, Second.: secondary sighting, Sch.: school, Ind.: individual.

(IWC, 2012).

When large cetaceans such as blue and humpback
whales were found, photo-ID images were obtained using
Canon EOS 7D Mark Il (with 100-400 mm lens) from the
bow or upper deck. Further, biopsy skin sampling using
the Larsen system (Larsen, 1998) was conducted when
blue, fin, sei, humpback whales were sighted. A satellite
tagging experiment using the Air Rocket Transmitter Sys-
tem (LK-ARTS) was also conducted for fin and sei whales.

RESULTS

Brief narrative of the surveys
KY7 departed Shiogama, Miyagi, Japan on 4 August, and
started the transit survey on 5 August. KY7 began the sur-
vey in the research area from the east on 11 August. KY7
paused the survey at 170°E on 21 August for a scheduled
port call, and entered Kushiro, Hokkaido, Japan, on 26
August for refueling and disembarkation of researchers.
On 27 August, KY7 departed Kushiro, and reached the
resume point at 170°E on 30 August. The survey was com-
pleted on 9 September. KY7 arrived in Shiogama, Miyagi
on 17 September.

YS1 departed Shimonoseki, Yamaguchi, Japan on 4

38

August, and started the transit survey on 6 August. On
18 August, YS1 reached the start point at 155°W, and
completed the survey on 20 September. Y51 and arrived
in Shiogama, Miyagi, on 30 September.

Searching effort

A summary of searching effort and coverage by each
research vessel is shown in Table 1. A total of 3,713.8n.
miles (6,878.0km) were searched. The total searching ef-
fort by KY7 was 925.8 n.miles (1,714.6 km) (75.5% cover-
age) in the eastern part, and 1,067.5n.miles (1,977.0km)
(76.7% coverage) in the western part. The total searching
effort by YSI was 1,720.5n.miles (3,186.4km) (64.7%
coverage).

Sightings
Overall
Sightings were summarized by each research vessel in
Table 2 for large cetaceans and in Table 3 for small ceta-
ceans.

There was a total of 349 schools sighted of seven large
whale species, involving 560 individual whales. The larg-
est number of sightings was for sperm whales (in terms of
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Table 3
Numbers of sightings of small cetaceans, by species and research vessel in the 2021 surveys.

Transit

KY7 YS1

Vessel . Total
(Including both vessels) (150°E-180°) (180°-155°W)
Prim. Second. Prim. Second. Prim. Second. Prim. Second.
Species
Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind. Sch. Ind.
Killer whale 0 00 0 0 0 0 0 7 18 0 0 7 18 0 0
Melon-headed whale 0 00 0 1 105 O 0 0 0 O 0 105 O 0
Risso’s dolphin 3 45 0 0 3 21 0 0 1 3 0 0 7 69 0 0
Striped dolphin 11 1,549 0 0 3 225 0 0 0 0 O 0 14 1,774 0 0
Common dolphin 0 0 0 0 1 6 0 0 7 288 O 0 8 294 0 0
Pacific white-sided dolphin 1 12 0 0 0 0 0 0 14 392 1 13 15 404 1 13
Northern right whale dolphin 3 14 0 0 0 0O o0 0 2 223 0 0 237 0 0
True type Dall’s porpoise 0 0 0 0 0 o 0 2 4 0 0 4 0 0
Dalli type Dall’s porpoise 0 0 0 0 0 o 0 11 74 0 0 11 74 0 0
Unid. type Dall’s porpoise 0 0 0 0 0 0 o 0 27 0 0 7 27 0 0
Ziphiidae 4 16 0 0 21 44 O 0 4 0 0 28 64 0 0
Mesoplodon spp. 1 10 0 2 3 0 0 3 0 0 4 7 0 0
Prim.: primary sighting, Second.: secondary sighting, Sch.: school, Ind.: individual.
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Figure 3. The sighting distribution of blue whales (blue circle) with the searching track of KY7 (blue line) and YS1

(red line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021 was ob-

served by MODIS-Aqua (Original data: Ocean color web, from https://oceancolor.gsfc.nasa.gov/ (Accessed

2022-7-18)).

number of individuals) and the smallest was for common
minke whales. The largest number of sightings in baleen
whales was for sei whales (Table 2).

In terms of small cetaceans, seven species were iden-
tified in the family Delphinidae, and one species was
identified in the family Phocoenidae. No species were
identified in the family Ziphiidae because of their elusive
behavior. The most common species sighted were striped
dolphins (14/1,774), followed by Pacific white-sided dol-
phins (16/417) (Table 3).

Geographical distribution of sightings by cetacean species
Blue whale
The geographical distribution of the sightings is shown in
Figure 3 together with sea surface temperature. In total,
one mother and calf pair was sighted at position 44°45'N,
174°43'W. The mean school size was 1.2 and the range
of sea surface temperature (SST) at the sighting positions
was 11.5-19.7°C (mean SST: 16.3°C).

The density index (DI: schools sighted/100n.miles
searching distance) based on primary sightings in the re-
search area for Y51 was 0.99. The DIs were 0.15 and 0.48
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in the 2010 and 2011 IWC-POWER cruises, respectively,
which were conducted north of 40°N. The longitudinal
ranges of those cruises were 170°E—=170°W and 170°W-
150°W, respectively (Matsuoka et al., 2011; 2012). It
should be noted that the survey period in 2021 was about

Figure 4. A blue whale observed in the research area on 10
September 2021.

one month later than in the previous IWC-POWER sur-
veys. The DlIs suggest that the population of blue whales
in the North Pacific is increasing. A photograph of a blue
whale is shown in Figure 4.

Fin whale
The geographical distribution of the sightings is shown in
Figure 5 together with sea surface temperature. In total,
one mother and calf pair was sighted at position 45°53'N,
174°00'W. Fin whales were distributed mainly through-
out the research area surveyed by the YS1. The observed
mean school size was 1.6 and the range of SST at the
sighting positions was 11.0-20.3°C (mean SST: 14.9°C).
The DI of YS1 was 3.84. The Dl in the previous 2010 and
2011 IWC-POWER surveys were 0.53 and 1.79, respec-
tively (Matsuoka et al., 2011; 2012). As in the case of blue
whales, the Dls suggest that the fin whale population in

the North Pacific is increasing.
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Figure 5. The sighting distribution of fin whales (red circle) with the searching track of KY7 (blue line) and YS1 (red
line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021 was observed

by MODIS-Aqua.
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Figure 6. The sighting distribution of sei whales (orange circle) with the searching track of KY7 (blue line) and YS1
(red line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021 was

observed by MODIS-Aqua.
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Figure 7. The sighting distribution of Bryde's whales (green circle) with the searching track of KY7 (blue line) and
YS1 (red line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021 was
observed by MODIS-Aqua.
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Figure 8. The sighting distribution of common minke whales (pink circle) with the searching track of KY7 (blue line)
and YS1 (red line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021
was observed by MODIS-Aqua.
Sei whale

The geographical distribution of the sightings is shown
in Figure 6 together with sea surface temperature. This
species was sighted north of 42°N in the survey area of
the YS1. No mother and calf pairs were observed. High
density was observed in the latitudinal band between
47°N and 49°N (Figure 6). The observed mean school size
was 1.5 and the range of SST at the sighting positions was
10.9-17.4°C (mean SST: 12.6°C).

The DI of Y51 was 5.70. The Dls of the 2010 and 2011
IWC-POWER surveys were 3.55 and 2.21, respectively
(Matsuoka et al., 2011; 2012). These values were smaller
than those found in the 2021 surveys.

Bryde's whale

The geographical distribution of the sightings is shown
in Figure 7 together with sea surface temperature. One
mother and calf pair was observed at position 41°03'N,
178°18'W. Bryde's whales were widely distributed lon-

gitudinally north of 30°N, which is similar to the pattern
found in previous surveys (Shimada, 2004; Hakamada
et al., 2017). Based on sighting data by KY7, the observed
mean school size was 1.3, and the range of SST at the
sighting positions was 21.4-29.7°C (mean SST: 27.2°C).
Based on sighting data by Y51, the observed mean school
size was 1.1, and the range of SST at the sighting positions
was 17.5-20.7°C (mean SST: 20.1°C).

The DIs were 1.00 and 1.39 by the KY7 and YS1, re-
spectively. Bryde's whales were not sighted north of 40°N
in the previous IWC-POWER surveys (Matsuoka et al.,
2011; 2012), however in the 2021 surveys some sightings
were made north of that latitude (Figure 7) The northern
most sighting position in these surveys was 42°36'N.

Common minke whale

The geographical distribution of the sightings is shown in
Figure 8 together with sea surface temperature. Only one
school (one individual) was sighted at 48°07'N, 161°34'W
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Figure 9. The sighting distribution of humpback whales (black circle) with the searching track of KY7 (blue line) and
YS1 (red line). Rolling 32 days average sea surface temperature from 13 August to 13 September 2021 was

observed by MODIS-Aqua.

Figure 10. A humpback whale sighted at 40°N on 18
September, 2021.

in calm weather conditions. The SST at the sighting posi-
tion was 12.5°C. Common minke whales are hard to find
under harsh sea surface conditions because their small
blows are difficult to detect in such conditions.

Humpback whale

The geographical distribution of the sightings is shown
in Figure 9 together with sea surface temperature. No
mother and calf pair of this species were sighted. Sight-
ings were made north of 40°N only in the area surveyed
by YS1 (Figure 9). The range of SST at the sighting posi-
tions was 10.7-20.7°C (mean SST: 13.8°C).

The DI based on primary sightings of YS1 was 0.64. In
previous surveys, humpback whales were not sighted
south of 47°N (Matsuoka et al., 2011; 2012). In the 2021
surveys, two schools were sighted around 40°N, and one
individual was photographed (Figure 10). A biopsy sample
was collected from this individual.

Sperm whale
The geographical distribution of the sightings is shown
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in Figure 11 together with sea surface temperature. This
species was distributed widely in the research areas (Fig-
ure 11). The observed mean school size differed markedly
between the research areas covered by the two vessels:
2.6 in the area covered by KY7 and 1.0 by the area cov-
ered by YS1.

Small cetaceans

The geographical distribution of the sightings of small
cetaceans is shown in Figures 12a and 12b together with
sea surface temperature. Killer whales, Pacific white-
sided dolphins and Dall's porpoises were mainly sighted
north of 42°N, while common dolphins were sighted
primarily in the 40°N—42°N latitudinal band. Striped dol-
phins were not sighted north of 40°N. These distribution
patterns of small cetaceans were consistent with those
found in the previous IWC-POWER surveys conducted ten
years ago (Matsuoka et al., 2011; 2012).

Duplicate sightings

A total of 31 and 96 duplicates of large cetaceans were
recorded during 10 mode surveys by KY7 and YS1, respec-
tively.

Experiments

Sighting distance and angle experiment

The Estimated Angle and Distance Training Exercise was
conducted during the surveys using a buoy that resembles
a blow with a reflector. During the exercise, the observers
familiarized themselves with distance estimates from the
TOP, 10 and Upper Bridge. The Estimated Angle and Dis-
tance Experiment was conducted on 23 September by YS1
on 14 August by KY7. The results of this experiment will be
used for the calculation of abundance estimates.
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line) and YS1 (red line). Rolling 32 days average sea surface temperature from 13 August to 13 September
2021 was observed by MODIS-Aqua.
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(a) The sighting distribution of killer whales, Dall’s porpoise, unidentified Mesoplodon spp., and Ziphiidae
with the searching track of KY7 (blue line) and YS1 (red line). Rolling 32 days average sea surface tempera-
ture from 13 August to 13 September 2021 was observed by MODIS-Aqua. (b) The sighting distribution
of striped, common, Pacific white-sided, northern right whale, Risso’s dolphin and melon-headed whale
with the searching track of KY7 (blue line) and YS1 (red line). Rolling 32 days average sea surface tempera-
ture from 13 August to 13 September 2021 was observed by MODIS-Aqua.
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Photo-ID

Photographs were taken of blue (n=12), humpback (n=5)
and sperm (n=1) whales. All photographs were stored in
the ICR catalog and will be used for investigating stock
structure and movement of these species in the future.

Biopsy sampling

A total of 24 biopsy samples were collected from blue
(n=1), fin (n=5), sei (n=15) and humpback (n=3) whales.
All samples were stored at the ICR laboratory and will be
used in genetic analyses to investigate stock structure of
these species in the future.

Satellite tagging

Two fin and nine sei whales were successfully tagged and
tracked. Results of this experiment are shown in Konishi
and Isoda (2022).

HIGHLIGHTS OF THE SURVEY

The sighting surveys conducted in 2021 were completed
successfully. They provided unique data for summer
months, as information on cetacean distribution and
abundance during summer have been very scarce. Some
main characteristics of the surveys are summarized
below.

The surveys in August—September covered the north-
ern part of the central Pacific, and provided important
summer sighting data for, fin, sei, Bryde's and sperm
whales. These data will be used for the abundance es-
timation of those species. At the same time, it was con-
firmed that blue, humpback and common minke whales
were also distributed in these areas, although in small
numbers.

The DI of blue, fin and sei whales increased signifi-
cantly compared with previous IWC-POWER surveys con-
ducted ten years ago. The distribution pattern of these
three species overlapped in terms of the latitudinal band
and SSTs (Figures 3, 5 and 6). The distribution pattern of
these three species were consistent with those in the
previous surveys from ten years ago. On the other hand,
the distribution of Bryde's and humpback whales were
different. Ten years ago, Bryde’s whales were not sighted
and humpback whales were sighted only north of 47°N.
The result of the 2021 surveys showed that Bryde's whale
distribution either expanded or shifted northward, and
humpback whale distribution expanded or shifted south-
ward.

As with the previous surveys, the 2021 surveys col-
lected data on small cetaceans in the same way as large
cetaceans. The analyses of these data will provide valu-
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able information on the distribution and abundance of
small cetaceans in different seasons.
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ABSTRACT

This paper outlines the main results of the 2021 dedicated sighting survey of the International Whaling Com-
mission-Pacific Ocean Whale and Ecosystem Research (IWC-POWER). The IWC-POWER surveys are designed
and implemented by the IWC Scientific Committee, in special partnership with the Government of Japan. The
surveys have been conducted since 2010 as the first phase with the long-term objective: ‘(to) provide informa-
tion to allow determination of the status of populations (and thus stock structure is inherently important) of
large whales that are found in the North Pacific waters and provide the necessary scientific background for
appropriate conservation and management actions’. The 2021 survey was conducted successfully between 2
August and 30 September 2021 in the eastern North Pacific by the Japanese R/V Yushin-Maru No. 2. The fol-
lowing whale species were sighted in the survey area: blue (6 schools / 7 individuals), fin (77/113), sei (23/37),
Bryde's (20/22), sperm (14/14) and killer (1/4) whales. Photo-identification data were collected from 7 blue,
31 fin, 15 sei 13 Bryde's and 3 killer whales. A total of 19 biopsy samples were collected from 3 blue, 9 fin, 4
sei, 2 Bryde's and 1 killer whales. A total of 88 objects of marine debris were observed and recorded. Data col-

lected during this survey will be used mainly for abundance estimation and stock structure purposes.

INTRODUCTION

The International Whaling Commission-Pacific Ocean
Whale and Ecosystem Research (IWC-POWER) program
is an international research effort in the North Pacific
coordinated by the IWC and designed by the IWC Sci-
entific Committee (SC) in special partnership with the
Government of Japan. Scientists from the Institute of Ce-
tacean Research and cooperating institutes such as Tokyo
University of Marine Science and Technology participate
regularly in the IWC-POWER program, both in designing
and implementing the surveys. The IWC-POWER surveys
in the North Pacific follow the series of IWC International
Decade for Cetacean Research/Southern Ocean Whale
and Ecosystem Research (IDCR/SOWER) surveys con-
ducted in the Antarctic since 1978.

The long-term objective of the IWC-POWER is to ‘pro-
vide information to allow determination of the status
of populations (and thus stock structure is inherently
important) of large whales that are found in the North
Pacific waters and provide the necessary scientific back-
ground for appropriate conservation and management
actions.’ The first survey of this program was conducted
in 2010 and the most recent one in 2021 as the first phase
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(IWC, 2021).

The IWC SC is close to completing the first phase of the
IWC-POWER, which is related to its short-term priorities.
The IWC SC is preparing for the second phase related to
medium-term priorities, based on the results of the first
phase (see Matsuoka, 2020).

Originally, the 2021 IWC-POWER was planned to be
conducted in the region east of the Kuril archipelago
within the Russian EEZ, and Japan submitted the research
application to the Russian Federation. However, Russia
sent a note verbale to Japan stating that the government
could not accept the application. No reason was given. As
a result, the 2021 IWC-POWER was conducted following
the back-up plan in the eastern North Pacific waters.

The objective of this document is to present an over-
view of the results of the 2021 IWC-POWER survey.
Details can be found in Murase et al. (2022). For general
background of the IWC-POWER including objectives, re-
search area and general methodology, see Matsuoka
(2020).

RESULTS OF THE 2021 IWC-POWER SURVEY

The main results of the 2021 IWC-POWER survey are
summarized here based on Murase et al. (2022).
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Table 1
The 2021 IWC-POWER survey itinerary.

Table 2
Specifications of the R/V Yushin-Maru No. 2 used in the 2021
IWC-POWER survey.

Date Event
1 August 2021 Pre-cruise meeting in Shiogama Call sign JPPV
2 August Vessel departs Shiogama Length overall [m] 69.61
17 August Vessel starts the survey in the research Molded breadth [m] 115
area Gross tonnage (GT) 747
18 September Vessel completes the survey in the re- Barrel height [m] 19.5
search area 10 barrel height [m] 13.5
30 September Vessel arrives in Shiogama Upper bridge height [m] 115
1 October Post-cruise meeting in Shiogama Bow height [m] 6.5
Engine power [PS/kW] 5303/3900
, \ . . . Research area
The research area was between 40°00'N and US and
p— N Canadian EEZ boundaries, between 135°00'W and
155°00'W, comprised entirely of the high seas (Figure 1).
The areas between 150°00'W and 155°00°'W, and be-
50°N L tween 135°00'W and 150°00'W were surveyed in the
2011 and 2012 POWER surveys, respectively, although
the timing of the surveys were different from the 2021
450 End Start| | POWER survey.
Research vessel and scientific personnel
40°N- - The R/V Yushin-Maru No. 2 was used for this survey. The
p. pya T T P vessel is shown in Figure 2 and its specifications in Table 2.
Figure 1. Research area and survey track lines with start and

end points for the 2021 IWC-POWER survey.

Photograph of the R/V Yushin-Maru No. 2 used in
the 2021 IWC-POWER survey.

Figure 2.

Itinerary

The survey was conducted between 2 August and 30 Sep-
tember 2021 by the Japanese R/V Yushin-Maru No. 2. The
itinerary is shown in Table 1.

Three international researchers were nominated by the
IWC SC for this survey:

Hiroto Murase (Japan)—Cruise Leader (CL)/Chief Scientist
James W. Gilpatrick, Jr. (US)—Photo-ID

Isamu Yoshimura (Japan)—sighting data, marine debris
and biopsy sample management

Searching effort

Survey trackline coverage in the research area was 77.2%
(1,562.5 n.miles of a planned distance of 2,022.4 n.miles),
with a total of 833.7 n.miles in Passing with abeam closing
mode (NSP) and 728.8 n.miles in Independent Observer
passing mode (l0). The effort spent in sighting and sev-
eral experiments are shown in Table 3.

Summary of the sightings

During the survey in the research area, the following
sightings were made: blue (6 schools / 7 individuals), fin
(77/113), sei (23/37), Bryde's (20/22), sperm (14/14) and
killer (1/4) whales (Table 4). These data will be used to
estimate abundance of several species.
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Table 3
Summary of the searching effort (time and distance) and experimental time (hours) in the survey area of the 2021 IWC-POWER survey.

Photo-ID, |Estimated angle and

Le
N & Start End NSP 10 NSP+10 Biopsy, TDR| distance training/
o.
t i t

Area ag experimen

Start | Date | Date Dist. Dist. Dist.

Time Time Time Time Time
End | Time | Time (n.m.) (n.m.) (n.m.)

Research Area (between | 101 |17-Aug.|11-Sep.

. . 59:04:25 | 624.30 | 52:33:36 | 552.83 | 111:38:01 |1177.13| 14:08:44 6:40:47
150°Wand 135°W) | 121 | 12:43 | 14:27
Research Area (between | 121 |11-Sep.|16-Sep.
. . 19:45:13 | 209.44 | 16:26:07 | 175.99 | 36:11:20 | 385.43 | 0:24:46 0:00:00
155'Wand 150°W) | 127 | 14:27 | 13:54
Table 4

Number of sightings for all species observed in the research area during the 2021 IWC-POWER survey (original track lines), by ef-
fort mode. NSP: Normal Passing with abeam closing mode; 10: Independent Observer mode, OE: Top down (TD) and drifting (DR).
Numbers of Individuals include the number of calves.

NSP 10 OE Total
Species

Sch. Ind. Calf Sch. Ind. Calf Sch. Ind. Calf Sch. Ind. Calf
Blue whale 2 3 0 4 4 0 0 0 0 6 7 0
Fin whale 39 58 1 37 54 3 1 1 0 77 113 4
Like fin whale 0 0 0 1 1 0 0 0 0 1 1 0
Sei whale 14 26 0 8 10 0 1 1 0 23 37 0
Like sei whale 1 2 0 0 0 0 0 0 0 1 2 0
Bryde's whale 11 13 1 9 9 0 0 0 0 20 22 1
Sperm whale 9 9 0 5 5 0 0 0 0 14 14 0
Baird's beaked whale 1 3 0 0 0 0 0 0 0 1 3 0
Ziphiidae 1 2 0 3 6 0 0 0 0 4 8 0
Killer whale 1 4 0 0 0 0 0 0 0 1 4 0
Striped dolphin 0 0 0 1 74 0 0 0 0 1 74 0
Common dolphin 1 84 2 3 410 8 0 0 0 4 494 10
Pacific white-sided dolphin 3 85 3 1 157 7 0 0 0 4 242 10
Northern right whale dolphin 1 107 4 0 0 0 0 0 0 1 107 4
Dalli type Dall’s porpoise 10 55 0 5 42 0 0 0 0 15 97 0
Unid. type Dall’s porpoise 3 11 0 2 2 0 0 0 0 5 13 0
Unid. dolphin 2 13 0 0 0 0 0 0 0 2 13 0
Unid. small cetacean 1 1 0 1 1 0 0 0 0 2 2 0
Unid. cetacean 2 2 0 3 3 0 0 0 0 5 5 0
Unid. large baleen whale 7 7 0 5 6 0 0 0 0 12 13 0

Geographical distribution by species of the research area (Figure 3). Sea surface temperatures
Blue whale (Balaenoptera musculus) at the sighting positions were between 12.7°Cand 13.6°C.

Blue whales were mainly distributed in the northern part
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Figure 3. The searching effort (black line) and sighting posi-
tions (blue circles) of blue whales during the 2021
IWC-POWER survey.
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Figure 4. The searching effort (black line) and sighting posi-
tions (red circles) of fin whales during the 2021
IWC-POWER survey.
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Figure 5. The searching effort (black line) and sighting posi-
tions (orange circles) of sei whales during the 2021
IWC-POWER survey.
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Figure 6. The searching effort (black line) and sighting posi-
tions (green circles) of Bryde's whales during the
2021 IWC-POWER survey.
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Figure 7. The searching effort (black line) and sighting posi-
tions of sperm and killer whales (brown circles
and black cross, respectively) during the 2021
IWC-POWER survey.

Fin whale (Balaenoptera physalus)

Fin whales were mainly distributed in the northern part
of the research area (Figure 4). Sea surface temperatures
at the sighting positions were between 12.7°Cand 19.7°C.

Sei whale (Balaenoptera borealis)

Sei whales were distributed in mid-latitudes of the re-
search area (Figure 5). Sea surface temperatures at the
sighting positions were between 13.0°C and 16.1°C.

Bryde's whale (Balaenoptera edeni brydei)

Bryde's whales were distributed in the southern part of
the research area (Figure 6). Sea surface temperatures at
the sighting positions were between 17.4°C and 21.3°C.
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Table 5
Summary of the Photo-ID experiments for each species conducted in the 2021 IWC-POWER research area.

Photo-ID Blue Fin Sei Bryde's Killer Total
Between longitude 150°W and 135°W 31 15 2 3 58
Between longitude 155°W and 150°W 0 0 11 0 11

Table 6
Summary of the number of species-specific biopsy samples collected in the 2021 IWC-POWER research area.

Biopsy samples Blue Fin Sei Bryde's Killer Total
Between longitude 150°W and 135°W 9 4 1 1 18
Between longitude 155°W and 150°W 0 0 1 0 1

Figure 8.

Researchers and crew of the 2021 IWC-POWER survey with the Yushin-Maru No. 2 in the background. The

picture was taken at the end of the cruise in Shiogama.

Sperm (Physeter macrocephalus) and killer whales
(Orcinus Orca)

Sperm whales were widely distributed in the research
area (Figure 7). Sea surface temperatures at the sighting
positions were between 12.7°C and 20.0°C. A total of 1
school (4 individuals) of killer whales was sighted in the
northern part of the research area where the sea surface
temperature was 13.1°C.

Identification of duplicated sightings

Resight data were recorded for a total of 108 sightings
during 10 Mode involving several baleen whale species.
These data will be used to estimate g(0), which in turn
will be used to adjust abundance estimates.

Photo-ID experiments

Photo-ID data were obtained for a total of 69 whales:
blue (7 individuals), fin (31), sei (15) Bryde’s (13) and killer
(3) whales (Table 5). Images collected during the survey
were uploaded to the IWC master photographic database
in Adobe Lightroom (LR) (Anon, 2020). Photo-ID data will
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be used to study movement, distribution and stock struc-
ture of the species involved.

Biopsy sampling

Biopsy samples were collected using the Larsen sam-
pling system from 19 individual whales: 3 blue, 9 fin, 4
sei, 2 Bryde's and 1 killer whales (Table 6). Every biopsy
sampling was documented photographically. All biopsy
samples were catalogued and stored in cryo-vials frozen
at a temperature of —30°C on the vessel. These samples
will be used for molecular genetics analyses on stock
identification.

Marine macro debris observation

During the survey, a total of 88 marine macro debris ob-
jects were observed. All items were recorded ‘on effort’
(i.e. during the first 15 minutes of each hour).

Feasibility experiment of dive behavior tagging
During the survey, satellite linked dive behavior tags were
experimentally deployed as a feasibility study at the dis-
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cretion of Japan. The tags were attached to 2 fin and 3 sei
whales and the data were obtained via satellite. Detailed
analysis will be conducted by Japanese scientists and the
results will be reported to relevant scientific communi-
ties.

HIGHLIGHTS OF THE SURVEY

It is concluded that the 2021 IWC-POWER survey was
completed successfully by a group of international scien-
tists (Figure 8) and that valuable data were collected for
several cetacean species. Such data will allow for studies
on distribution, abundance and stock structure of large
cetaceans in this particular area of the North Pacific.

There are two aspects of this survey that should be
highlighted. The first aspect is a seasonal change in the
distribution of baleen whales. Although the 2021 POWER
survey area was covered by the 2011 and 2012 POWER
surveys, the survey timing in 2021 was approximately
a month later than the previous two surveys. From the
results, it appeared that the distribution of baleen whales
has shifted northward. For instance, the Bryde's whale, a
tropical species, was sighted in the southern part of the
2021 survey area while none was sighted in the previous
two surveys. Such a change will be investigated in future
studies.

The second aspect is the success of the feasibility
experiment of dive behavior tagging. This was the first
attempt of this kind of experiment in the IWC-POWER
surveys. The obtained data could be used to correct avail-
ability bias in future abundance estimation work.

Although the IWC-POWER survey within the Russian
EEZ has not been completed, it is anticipated that the
IWC-POWER program will move toward its second phase,
which will be designed after examining in details the re-
sults from the first phase between 2010 and 2021.
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ABSTRACT

This paper presents progress of the work on long-term track movement of Antarctic minke whales based on

satellite tagging experiments conducted by the Institute of Cetacean Research. In particular, the experiments

focused on investigating the migratory links between whales in the feeding and breeding areas. Five examples

of northward tracks from Antarctic feeding areas in the Indo-Pacific sector of the Antarctic to lower latitudes

areas are presented. The five tracks suggested some migration patterns in the Indian and Pacific Oceans.

These results showed that tracking of Antarctic minke whales by satellite-monitored tags provides precise and

direct evidence of migratory links. This work should be continued and the number of whales tagged should be

increased. This information will greatly assist the interpretation of the stock structure hypothesis of Antarctic

minke whales derived from genetic and sighting data analyses.

INTRODUCTION

Understanding the stock structure of whales is crucial for
assessment and management purposes. The Antarctic
minke whale Balaenoptera bonaerensis (hereafter AMW)
is one of the most abundant species in the Southern
Hemisphere, and its abundance exceeds 500,000 animals
(IWC, 2012). As in the case of other rorqual whales, the
AMW is assumed to migrate between winter tropical and
sub-tropical breeding areas and summer Antarctic feed-
ing areas (Kasamatsu et al., 1995). However, evidences of
direct links are scarce. Only three Discovery tag-marked
AMWs were recovered at lower latitude areas, show-
ing movements from feeding to breeding areas. An
AMW marked at 35°W (east of Antarctic Peninsula) and
two AMWSs marked at 19°E were recaptured off Brazil
at latitude 6°S-7°S in the Atlantic Ocean (Buckland and
Duff, 1989). These were the only cases showing direct evi-
dence of links between breeding and feeding grounds for
this species.

The Institute of Cetacean Research (ICR) has conducted
detailed research of the AMW and its ecosystem in the
Indo-Pacific sector of the Antarctic in austral summer,
through the former programs JARPA (Japanese Whale
Research Program under Special Permit in the Antarctic),
JARPAII (the second phase of JARPA) and the NEWREP-A
(New Scientific Whale Research Program in the Antarc-
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tic Ocean). A summary of the biological and ecological
research outputs from these programs is available in
Murase et al. (2020). In the austral summer 2019/20
the ICR commenced a new non-lethal research program
in the Indo-Pacific sector of the Antarctic called JASS-A
(Japanese Abundance and Stock-structure Surveys in the
Antarctic). The main objective of the JASS-A is the estima-
tion of the abundance and abundance trends of the AMW
and other large whale species. Research on the stock
structure of large whales is the other main objective of
the JASS-A, which is essential for appropriately interpret-
ing the results of abundance estimates.

A review of the stock structure studies on the AMW
in the Indo-Pacific sector was provided by Murase et al.
(2020). The current stock structure hypothesis of the AMW
in the Indo-Pacific sector of the Antarctic involves the oc-
currence of at least two stocks, the eastern Indian Ocean
stock (I-stock) and the western South Pacific stock (P-stock)
(IWC, 2008; Pastene and Goto, 2016; Kitakado et al., 2014;
Murase et al., 2020). These stocks are presumed to be
related to the breeding areas for this species suggested by
Kasamatsu et al. (1995) based on sighting density indices.
Figure 1 shows a schematic representation of the distribu-
tion of the I- and P-stocks in the Antarctic feeding grounds
and the geographical locations of the low latitude breeding
areas suggested by Kasamatsu et al. (1995).

One of the important aspects to be investigated is the
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Figure 1. Hypothesis on stock structure of Antarctic minke whales in the feeding grounds of the Indo-Pacific sector of

the Antarctic derived from genetic analyses (I- and P- stocks) (IWC, 2008; Pastene and Goto, 2016; Kitakado
et al., 2014) and location of breeding areas of this species suggested by the sighting records (Kasamatsu

et al., 1995). The figure shows the distribution of the eastern Indian Ocean stock (I-stock) and western
South Pacific stock (P-stock) (Pastene and Goto, 2016), and an overlap sector (Kitakado et al., 2014). The
four breeding areas suggested by sighting density indices (Kasamatsu et al., 1995) are also shown with

dashes-line, and the highest density parts are marked with the letter “H”. Vertical bars represent possible

boundaries (Kasamatsu et al., 1995).

links between the hypothesized stocks in the feeding
areas and breeding areas. Satellite tracking of whales
can be useful for this purpose. Long-term tracking of
AMWs were previously reported (Lee et al., 2017; Konishi
et al., 2020). However only a few tracks showed evidence
of northward migration pattern from the Antarctic Penin-
sula (Lee et al., 2017).

This paper presents the progress on the work of long-
term track movement of AMWs based on satellite tagging
experiments conducted by the ICR. Information on the
link between whales in the feeding and breeding areas
will greatly assist the interpretation of the stock struc-
ture hypothesis in the feeding ground based on genetic
analyses.

TAGGING EXPERIMENTS ON ANTARCTIC MINKE
WHALES BY THE ICR

In this report, tagging results using SPOT6-type tags,
which are designed to investigate horizontal movement,
are presented (Wildlife Computers Inc.; Figure 2). The
tags were deployed using an air compressed launcher
LK-ARTS (Figure 3), fired from the research vessel Yushin-
Maru No.2 (Konishi et al., 2020). Five tracking records
with clear northward migration movements were se-
lected for this paper.

Long-term track movement of AMWSs
The five northward tracking movements of AMWs are
shown in Figure 4 and the relevant data are presented

Figure 2. SPOT6-type tags (Wildlife Computers Inc.) connect-

ed to ICR’s ISOD-type anchor and LK-Carrier.

Figure 3. Whale tagger LK-ARTS used during the NEWREP-A

and JASS-A tagging experiments.

in Table 1. The tag deployments were made in the sector
10°E-30°E (west of Indian Ocean Sector) and in the sector
170°W-140°W (Pacific Sector), south of 60°S. These re-
cords indicated that the western and eastern movements
seem to be closely related to the direction of westward
Antarctic Coastal Current and eastward Circumpolar Cur-
rent, respectively (see Nicol et al., 2000).

Two AMWs in the Indian Ocean Sector were tagged in
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Figure 4.

Five cases of northward tracking movement of Antarctic minke whales tagged during the NEWREP-A and

JASS-A programs. All deployments were conducted during the austral summer on the feeding ground. Two

former whaling locations in South Africa and Brazil are also shown.

Table 1
Relevant data of five satellite-tracked Antarctic minke whales in Figure 4 during the NEWREP-A and JASS-A programs.

Tracking colour Tracking periods

Locations of deployments

Location of last transmission

Green 2 Feb. 2020-2 Sept. 2020
Blue 28 Jan. 2021-1 Jul. 2021
Red 27 Feb. 2018-3 Jun. 2018
Purple 6 Feb. 2022-6 Aug. 2022
Yellow 28 Jan. 2022-1 Jul. 2022

68.5°S; 14.6°E
69.2°S; 19.4°E
76.7°S; 163.9°W
71.5°S; 133.4°W
66.6°S; 129.8°W

30.5°S; 35.1°E
40.2°S; 67.5°E
46.7°S; 140.7°W
15.9°S; 109.2°W
59.9°S; 104.3°W

a similar longitudinal sector, however they showed dif-
ferent movement patterns. One animal moved eastward
and started migrating to the north around 70°E (blue in
Figure 4). The other animal showed a westward move-
ment along the Antarctic coast, then changed its course
to the east at 45°W in the offshore area, then started
migrating in the northeast direction. This animal finally
arrived at the area off the coast of Durban, South Africa,
in September (green in Figure 4).

In the Pacific Sector, AMWs moved into the Ross Sea
at first, then one whale started migrating to the east (yel-
low in Figure 4). Two others moved first to the east and
then to the north (red and purple in Figure 4). The longest
tracked animal showed northward migration and finally
arrived at 16°S; 109°W in August.

In the previous study by Lee et al. (2017), two AMWSs
tagged in the west of the Antarctic Peninsula showed
northward migration at different longitudinal bands in
the Pacific Sector, while another one moved into the
Atlantic Sector.

Interpretation of movements in the context of stock
structure

The five cases of tracking AMWSs presented in this paper
demonstrated that their longitudinal range of movement
at the feeding area are wider than previously reported
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(up to 80°). On the other hand, the migratory corridors
to breeding areas involve a wide longitudinal range. In
addition, AMWs appear to move in the northeast direc-
tion when they start the migration to the breeding areas.
These latitudinal movement patterns will assist the inter-
pretation of the stock structure hypothesis of this species
in the Indo-Pacific sector of the Antarctic derived from
genetic analyses.

As indicated earlier, the current hypothesis on stock
structure by genetic evidence in the Indo-Pacific sector of
the Antarctic feeding grounds involves at least two stocks,
the I-stock and the P-stock (Pastene and Goto, 2016) (Fig-
ure 1). These authors suggested that the former could be
related to the breeding area in the eastern Indian Ocean
while the latter could be related to the breeding area in
the western South Pacific suggested by sighting density
indices examined by Kasamatsu et al. (1995). It is impor-
tant to note that no genetic analysis has been conducted
on whales in the hypothesized breeding areas at lower
latitudes and that the genetic relationship among the
proposed breeding areas remains unknown.

Indian Ocean sector

One of the whales tagged in the Indian Ocean Sector of
the Antarctic reached the coast of Durban, in South Africa
(Figure 4). This location corresponds to the western Indian
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Ocean breeding area proposed by Kasamatsu et al. (1995)
and Best (1982). This is a critical piece of evidence on
movement from the tagging program conducted by the
ICR. The migratory track of the second whale tagged in the
Indian Ocean sector of the Antarctic is not complete there-
fore the migratory destination of this whale in the Indian
Ocean is unknown. It should be noted that the two tracked
AMWs were both at 0-10°E in the feeding ground.

Pacific sector

The migratory patterns of the three AMWs tagged in the
Pacific sector of the Antarctic (Ross Sea) to lower latitudes
were different from each other, however, they all moved
in a northeast direction (Figure 4). The whale with the lon-
gest tracking record arrived at latitudes<20°S, in the east-
ern Pacific Ocean breeding area proposed by Kasamatsu
et al. (1995). The final migratory destinations of the other
two whales are unknown. However, the incomplete move-
ment pattern, in particular that of the ‘yellow’ whale,
suggests that it is unlikely that they reached the western
South Pacific breeding area (Figures 1 and 4).

The three whales were tagged initially in the Antarctic
in a sector corresponding to the P-stock (Figure 1). As-
suming that whales in the proposed breeding areas of the
western and eastern South Pacific Ocean are differenti-
ated genetically, the tagging data are consistent with the
notion that whales from genetically differentiated breed-
ing stocks mix spatially in the feeding grounds, in this case
in the Ross Sea. Mark-recovery tags in the past showed
that AMWSs marked in the Atlantic feeding ground at
35°W were recovered in the breeding area off Costinha,
Brazil in the Atlantic Ocean (Buckland and Duff, 1989),
suggesting that whales from a breeding ground (Brazil)
could be distributed in a very distant feeding ground.

Future works

The number of tagged whales should be increased in the
Indo-Pacific sector of the Antarctic. In particular, Antarc-
tic minke whales in the core areas of distribution of the
hypothesized |- and P- stocks should be targeted in the
future. Technological improvement of the satellite tag-
ging is also required in order to increase the duration of
tracking whales.
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After the establishment of the International Whaling
Commission (IWC) moratorium on commercial whaling
and the following start of Japan's whale research program
in the Antarctic Ocean (the JARPA program), the Institute
of Cetacean Research (ICR) became the focus of attention
and repeated publicity stunts by protest extremist groups
reacting to the lethal component, one of many elements
forming part of the research program. Over the years,
that undeserved attention mainly aimed to diminish the
importance and significance of ICR research activities, was
often accompanied by seemingly endless hype directed
to an uninformed public and stirred up in great part by
western mainstream media. An often-seen cliché was the
allegation that, in spite of long years of research activities
in the Antarctic, the ICR had only managed to produce a
single scientific publication. Apparently, all that criticism
was just a flank of a nefarious, systematic and sustained
effort deployed over the years by a huge variety of actors
to isolate and stigmatize Japan for its whaling policies, as
exposed in detail in a paper titled “International pressure
and Japanese withdrawal from the International Whal-
ing Commission: when shaming fails” (Kolmas, 2020). In
fact, the ICR's research programs have produced a large
amount of scientific information required for conserva-
tion and management of large whales (see list of peer-
reviewed publications in this issue).

Since the 2019 resumption of commercial whaling
following its withdrawal from the International Conven-
tion for the Regulation of Whaling (ICRW), most of that
cacophony has subsided. For a brief time soon after this
decision was taken by the Government of Japan, the ICR
got a few calls and email queries from the general public
and the media wanting to know whether ICR's role and
reason to exist had abruptly come to an end. Although
some pundits may disagree, the scientific data produced
over the years through ICR research programs and
Japan’s contribution have been and continues to be of
paramount importance to part of the work and discus-
sions of the IWC and other international organizations.
Soon after Japan’s expression of intention to withdraw
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from the ICRW, the IWC unequivocally stated that ‘for
many years Japan has played an active and integral role
in both the Commission and its Scientific Committee’
(IWC, 2019). So, the answer to those queries is no, the
role and mission of ICR presumably will continue as far
as Japan remains committed to the realization of sustain-
able use of whale resources.

Japan withdrew from the ICRW in 2019 after care-
ful considering that the IWC had walked away from its
original objective of promoting sustainable use of whale
resources, namely maintaining a commercial whaling
moratorium without any scientific justification. Enacted
in 1972, the U.S. Marine Mammal Protection Act (MPA),
‘is celebrating this year 50 years of marine mammal sci-
ence, conservation, and recovery’ (NOAA, 2022a). The
MPA was coincidentally created the same year when,
according to mainstream media, a recommendation
for a 10-year moratorium on commercial whaling was
approved overwhelmingly at the United Nations Confer-
ence on the Human Environment in Stockholm (New
York Times, 1972). Ten years later, the IWC decided that
there should be a pause (a zero-quota regulation) in com-
mercial hunting on all species and populations of whales
from the 1985/1986 season onwards. This purportedly
temporary pause, which became to be known as the IWC
commercial whaling moratorium didn't last for 10 years
as originally intended, and, although it went remarkably
unnoticed by the media, in July 2022 a few anti-whaling
groups celebrated in Brighton, UK, its 40th anniversary.
Brighton was the venue of the 34th IWC Annual Meeting
where the principal stated goal of the United States was
to gain an indefinite moratorium on commercial killing of
whales.

This outcome was summarized as the conservationist
countries achieving an outstanding victory for whale pro-
tection, although they had yet to close the book on the
history of commercial whaling (U.S. GPO, 1982). Another,
less often quoted, major achievement by the United
States at that meeting was the IWC's agreement to create
a new management scheme for aboriginal/subsistence



whaling. This decision established a Technical Subcom-
mittee to consider subsistence, nutritional and cultural
requirements of aboriginal peoples and advise the Com-
mittee in much the same way as the Scientific Committee
does (U.S. GPO, 1982).

It is noteworthy that in spite of the 40-year-old morato-
rium, commercial whaling, an economic activity not much
different from other fisheries, is now being conducted
sustainably by two IWC member countries (Norway and
Iceland) and one ex-member country (Japan) (IWC, 2022).
Remarkably enough, consumption for food of some 87
species of cetaceans and other marine mammals has
been reported in at least 114 countries (Robards and
Reeves, 2011), while the UN Organization for Food and
Agriculture (FAQ) has yet to include marine mammals as
a source of food in its statistics and reports (FAO, 2022).

Current sustainable whaling does not produce a nega-
tive effect on the exploited stocks. Meanwhile, due to
different causes other than whaling, at present two iconic
cetacean species, the North Atlantic right whale (Euba-
laena glacialis) (NOAA, 2022b) and the vaquita (Phocoe-
na sinus) (CEMDA, 2021) are facing imminent extinction.
Further, more than 500,000 cetaceans are being killed
worldwide annually, by fishing gear bycatch and other
human activities (FAO, 2021).

The ICR 1987 inception as a general incorporated foun-
dation came as a direct result of the moratorium estab-
lishment. However, the history of our institution goes fur-
ther back in time: ICR is, in reality, older than the 40-year
IWC moratorium. The introduction of the moratorium
brought an abrupt halt to Japan’s commercial coastal and
high seas whaling. The 1987 reorganization of our institu-
tion was a direct result of the moratorium establishment
and the proactive measures by Japan to undertake a re-
search program in the Antarctic to systematically collect
scientific data necessary for the resumption of that activ-
ity, ideally under the aegis of the IWC.

Harking back to the time when Japan’s whaling in
the Antarctic resumed after the WWII, a firsthand wit-
ness wrote the following: ‘A unique thing is happening
in Japan today. (...) Their islands do not have space to
devote to growing food for domestic animals. Hence their
meat must come largely from the sea. (...) When Gen-
eral MacArthur authorized two whaling fleets to oper-
ate in Antarctic waters during 1946-47, he undoubtedly
expected objections to be raised by competitor whaling
nations. But his reason was partly humanitarian. Japan
needed the proteins and fats (...) of whale meat and
blubber. (...) No one can deny that Japan utilizes the
whale more than other nations do—they actually eat the

Some thoughts about the Institute of Cetacean Research

meat and blubber, which is more than anyone else does,
except the Eskimos.’ (McCracken, 1948). It seems several
countries protested then against Japan's vessels going to
the Antarctic, because of the postwar turmoil and politi-
cal situation. The ICR’s origins go back to such times. The
Institute was born at a time of need for food, while the
world’s whaling industry was competing for increasingly
dwindling resources. Whaling was for oil as a resource,
but some countries, as is the case today, were pursuing
this activity for food. Such was the case of Japan then, as
itis now.

What was then the need for establishing an institution
specialized in whale research, several decades before the
moratorium? The parent institution, or the originator of
ICR was the Nakabe Institute of Science, founded in 1941.
In 1942 it became an incorporated foundation with the
first approval from the Planning Agency. After the end
of the war, the facilities and researchers of the Nakabe
Institute of Science had not been dispersed and were
still available. According to one of the founders, if there
had been no war, the Nakabe Institute of Science would
have continued to exist and perform the activities of its
future successor, the Whales Research Institute (WRI)
(Maruyama, 1959).

In 1946, the year following the end of WWII, with the
momentum of two of the three authorized whaling fleets
actually going out to the Southern Ocean to help over-
come the food shortage, a plan was made to establish an
institution specializing in whale research, and on August
20, 1947, the Ministry of Agriculture and Forestry Order
No. 22-4014 authorized the establishment of the WRI
(Ikeda, 1988). Ever since, until the 1987 inception of the
present ICR, our institution was a rare, world-renowned
private biological research institute in the fishery indus-
try, with an already long history of 40 years and outstand-
ing scientific achievements contributing to cetology and
whale resource management worldwide (lkeda, 1988).
Without taking account of this historical fact, criticism
against ICR scientific activities would lack solid ground.
The charter of the WRI emphasized the importance of
the whaling industry, the efficiency of whale fishing and
processing technology, and the necessity of thorough
utilization of whale products. It called for the expansion
of research and the implementation of systematic and
comprehensive research on whale stocks, and the appli-
cation of the results for the public benefit (lkeda, 1988),
while the stated purpose of establishment of ICR is ‘to
contribute to the proper management and utilization of
fishery resources by conducting research on cetaceans
and other marine mammals, as well as studies on related
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international matters.’

One may argue that the prestige gained then by the
WRI and later ICR, was due in part to the long-year
prolific inventive and strenuous efforts of its outstand-
ing researchers, but it is also due to the fact that since
its origins, the institute has had an established system
to reach out and publicize its activities. The publication
of the Geiken Tsushin newsletter continues even today,
and was planned at the same time as the publication
of the English-language The Scientific Reports of the
Whales Research Institute (SRWRI), first published in
1948 (Maruyama, 1959). Although the SRWRI journal had
to be discontinued when the moratorium introduction
made mandatory for all ICR research staff to apply and
devote themselves to scientific production oriented to
discussions at the IWC Scientific Committee, the edition
of the now five-year old Technical Reports of the Institute
of Cetacean Research (TEREP-ICR) may be considered
part of these agelong efforts to reach both to the public
and scholars.

While institutional introspection is always necessary, in
particular for a highly specialized and small organization
as the ICR, perhaps a renewed appraisal about the insti-
tute’s nature, its background, origins and achievements
thus far, is in order. Hopefully more and more people
would understand better Japan's attitude towards whales
and whaling, and perhaps bear in mind the unchanging
importance, both domestic and international, of the pres-
ent and future role of our institute.
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Seminar of the research group on the North
Pacific Marine Ecosystem, Maritime Order and
Diplomatic Security System

The Kajima Institute of International Peace was founded
in July 1966. The purpose of this institute is to promote
research and studies to promote international peace.
From its inception, the institute has attempted, on the
initiative of the founder, to design itself as a forum for
experienced public figures in politics, civil service and the
business world, by providing them with opportunities to
exchange views on important issues of international con-
cern. This research group was started from 2019 as one
of their activities.

The 5™ meeting of this research group was held online
on 22 October 2021 and was focused on whales and
ecosystem. Two scientists from the Institute of Cetacean
Research (ICR) (Pastene and Tamura) participated in the
meeting by making a presentation entitled ‘Whales and
ecosystem studies at the Institute of Cetacean Research
(ICR)'.

The 2022 meeting of the Japanese Society of
Fisheries Science (JSFS)

The Japanese Society of Fisheries Science (JSFS) was
established in 1932. It is a non-profit, registered society
dedicated to the promotion of all aspects of fisheries
science. The society fulfills its global commitment by pro-
moting science, striving to achieve sustainable develop-
ment in the field of fisheries, while recognizing the crucial
need to preserve the natural aquatic resources. It also
strives to forge relationships with the fishing industry,
comprising both capture and culture fisheries. The main
events organized by the society are the biannual meet-
ings held in spring and autumn in one of the main cities
of Japan. This forum is where members present their
research activities, exchange information, and foster col-
laborative research in areas of common interest.

The 2022 spring meeting of the JSFS was held online
from 26 to 29 March. Three scientists from the ICR (Katsu-
mata, Yoshida and Matsuoka) contributed to the meeting
with the presentation entitled ‘Developing new technol-
ogy UAV — Development of VTOL-UAV ‘Asuka”.

The 2022 meeting of the Mammal Society of
Japan (MSJ)

The Mammal Society of Japan (MSJ) was established in
1987 by uniting two academic organizations, the Mam-
malogical Society of Japan and the Research Group of
Mammalogists, which were founded in 1949 and 1955,
respectively. The mission of the MSJ is not only to pro-
mote the global advance of mammalogy, but also to
encourage social interactions among its members. The
MSJ convenes an annual meeting, which consists of aca-
demic sessions (symposia, oral presentations, and poster
presentations). Members of the MSJ always give great
importance to social problem related with mammals.

The annual meeting of the MSJ was held online from
26 to 29 August 2022. Taguchi, Katsumata and Goto from
the ICR were co-authors of a presentation to the meet-
ing entitled ‘Preliminary population genetic analyses of
humpback whales from Hachijo Island’.

The 165" meeting of the Japanese Society of
Veterinary Science (JSVS)

The Japanese Society of Veterinary Science (JSVS) has its
origin in the Greater Japan Veterinary Society, which was
founded in 1885. The focus of this society is veterinary
science from basic research to applied science and clini-
cal research. The JSVS held an annual academic meeting
in autumn.

The annual meeting was held at Azabu University,
Kanagawa from 6 to 8 September 2022. Tamura and
Bando from the ICR were co-authors of an oral presenta-
tion to the meeting entitled 'Discovery of new molecules
as stimulators for gonadotrophs in whale brains: possible
mechanisms for long term lifespan and fertility of whales
compared to bovines'.

The 27" Annual Meeting of the Association of
Wildlife and Human Society (AWHS)

The Association of Wildlife and Human Society (AWHS)
was established in 1994. The Society aims to serve as a
platform for a wide range of academic fields that deal
with the diverse relationships between wildlife and hu-
mans. The role of the AWHS is to promptly present the
results of academic research, practical knowledge and
discussions to not only the academic world but to the so-
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ciety at large. The AWHS held annual academic meetings.

The 27" Annual Meeting of the AWHS was held at
Rakuno Gakuen University, Hokkaido from 28 to 30 Oc-
tober 2022. Konishi from the ICR was a co-author of two
oral presentations to the meeting entitled ‘Habitat use
pattern of fin whales off Abashiri, Hokkaido, Japan’ and
‘Possibility of individual identification based on photo
identification of areas around the dorsal fin of fin whales
off Abashiri, Hokkaido'.

The 60" Anniversary Conference of the Japanese
Society of Fisheries Oceanography (JSFO)

The Japanese Society of Fisheries Oceanography (JSFO)
was established in 1962. Its aim is to identify scientific
issues of local fisheries, and to promote studies in coop-
eration with local scientists and fishermen in order to ad-
dress such issues. Recent field research activities in JSFO
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include, for example, the study on the relationship be-
tween marine organism distributions and oceanographic
conditions, acoustic assessment of fish abundance,
oceanographic approach using satellite image, popula-
tion dynamics, modeling approaches. The research
activities of the JSFO are within the framework of the
fisheries oceanography definition, which is ‘the study of
oceanic processes affecting marine ecosystems and the
relationship of these ecosystems to the abundance and
availability of fish’.

The 60™ Anniversary Conference of the JSFO was held
at the Yokohama field station of the Fisheries Resources
Institute from 3 to 6 November 2022. Hakamada and
Matsuoka from the ICR were co-authors of an oral pre-
sentation to the meeting entitled ‘Development of a
comprehensive app for cetacean species distribution
modeling in the North Pacific Ocean’.
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Annual meeting of the International Whaling
Commission Scientific Committee (IWC SC)

The International Whaling Commission (IWC) is an inter-
national body set up by the terms of the International
Convention for the Regulation of Whaling (ICRW), which
was signed in Washington, D.C., United States, on 2 De-
cember 1946, to ‘provide for the proper conservation of
whale stocks and thus make possible the orderly devel-
opment of the whaling industry’. One of the important
subsidiary bodies of the IWC is its Scientific Committee
(SC), which meets annually.

The 2022 meeting of the IWC SC was carried out
through a series of virtual sessions from 25 April to 13
May (SC68D). A total of twelve scientists from the In-

Observers from Japan participating in the online 2022 IWC
Scientific Committee meeting at the ICR meeting room.

stitute of Cetacean Research (ICR) participated in the
meetings (Fujise, Kato, Pastene, Tamura, Matsuoka,
Hakamada, Taguchi, Konishi, Goto, Isoda, Takahashi and
Katsumata). They presented a total of 10 documents:
six documents at the Standing Working Group on Abun-
dance Estimates, Stock Status and International Cruises
(ASI), one document at the Working Group on Stock
Definition and DNA testing (SDDNA), one document at
the Sub-Committee on Conservation Management Plans
(CMP) and two general documents (O: PICES Observer
Report and Japan's Scientific Progress Reports).

The report of the IWC SC meeting can be found on
the website of the IWC (https://iwc.int/events-and-work
shops/sc68d-2022).

IWC’'s Workshop of the Technical Adviser Group
(TAG) and 2023 cruise planning meeting for the
IWC-POWER program

IWC-POWER (Pacific Ocean Whale and Ecosystem Re-
search) is a large international research program aimed
to study the abundance and abundance trend of large
whales in the North Pacific through annual dedicated
sighting surveys. The program is designated and imple-
mented by the Scientific Committee of the IWC through
a Steering Group, which in turn count with a Technical
Adviser Group (TAG). The TAG usually meets once a year.
The IWC-POWER program has carried out surveys with
the participation of scientists from Japan, USA, Russian
Federation, Republic of Korea and Mexico.

The TAG and the 2023 cruise planning meetings were

Scientists participating in the 2022 IWC's TAG and 2023 cruise planning meeting for the IWC-POWER program.
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2022 online meeting of the CCAMLR-EMM Working Group.

held from 6 to 10 September 2022 at the Fisheries Agen-
cy’s Crew house, Tokyo. The TAG meeting was co-chaired
by Matsuoka of the ICR, who also chaired the planning
meeting. In addition, Pastene, Taguchi and Isoda from the
ICR participated in the meetings. A total of 10 primary
documents were presented.

The report of the meetings can be found on the web-
site of the IWC (https://iwc.int/events-and-workshops).

68" Meeting of the International Whaling Com-
mission

The plenary sessions of the 68" meeting of the IWC
was carried out between 17 and 21 October 2022 at the
Grand Hotel Bernardin and Conference Centre, Portoroz,
Slovenia. Among the main items in the meeting agenda
were: the Scientific Committee presentation of four con-
secutive meetings; discussion on finance and administra-

68" meeting of the International Whaling Commission.

62

tive issues; proposals to amend the Schedule; discussion
on proposed resolutions; and aboriginal subsistence
whaling. Fujise and Ohmagari from the ICR participated
in the meeting. The next meeting of the IWC will be held
in Lima, Peru in 2024.

Annual meeting of the Convention on the Con-
servation of Antarctic Marine Living Resources—
Working Group on Ecosystem Monitoring and
Management (CCAMLR-EMM)

The Convention on the Conservation of Antarctic Marine
Living Resources (CCAMLR) is part of the Antarctic Treaty
System. The Convention was opened for signature on
1 August 1980 and entered into force on 7 April 1982,
thereby establishing the Commission for the Conserva-
tion of Antarctic Marine Living Resources. Its goal is to
preserve marine life and environmental integrity in and
near Antarctica. It was established in large part in re-
sponse to concerns that an increase in krill catches in the
Southern Ocean could have a serious impact on popula-
tions of other marine life, which are dependent upon
krill for food. The CCAMLR has a Scientific Committee
and several Working Groups. One of these is the Work-
ing Group on Ecosystem Monitoring and Management
(EMM), which meets annually.

The online meeting of the EMM Working Group was
held from 4 to 11 July 2022. The main items on the meet-
ing agenda were: krill management including risk analy-
ses, spatial management and climate change. Under the
risk analyses approach, several papers on distribution,
abundance and prey consumption of whales in western
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Antarctic were presented. Three scientists from the ICR
participated in the meeting (Tamura, Isoda and Katsu-
mata).

The report of the meeting can be found on the website
of the CCAMLR (https://meetings.ccamlr.org/en/wg-
emm-2022).

Annual meeting of the North Atlantic Ma-
rine Mammal Commission (NAMMCO) Scientific
Committee (SC)

The North Atlantic Marine Mammal Commission
(NAMMCO) is an international body for cooperation on
the conservation, management and study of marine
mammals in the North Atlantic. The NAMMCO Agree-
ment was signed in Nuuk, Greenland on 9 April 1992 by
Norway, Iceland, Greenland and the Faroe Islands, and
entered into force on 8 July 1992. The agreement focuses
on modern approaches to the study of the marine eco-
system as a whole, and to better understanding the role
of marine mammals in the ecosystem. NAMMCO has a
Scientific Committee (SC), which meets annually.

The 2022 NAMMCO SC (SC28) meeting was held online
from 24 to 28 January 2022. Five scientists from the ICR
participated in the meeting (Pastene, Tamura, Konishi,
Hakamada and Takahashi) as observers from Japan. They
presented the following documents: '2020-2021 Japan
progress report on large cetacean research’, '2019-2020
Japan progress report on small cetacean research’, ‘Out-
line of the process to calculate a catch limit for North
Pacific common minke whale’, and ‘2020-2021 report on
satellite tagging experiments at the Institute of Cetacean
Research’.

The report of the meeting can be found on the web-
site. of NAMMCO (https://nammco.no/wp-content/up
loads/2022/06/final_report-sc28-2022.pdf).

Scientists participating in the 28" online meeting of the
NAMMCO Scientific Committee.

Meetings of the Steering Committee of the
NAMMCO-Japan MINTAG project

The essence of the Miniature-Tag project (MINTAG proj-
ect) is the development of smaller and lighter satellite
transmitter tagging systems than the ones existing on the
market today. The objective is to develop a tag (MINTAG)
adapted to the study of the lesser-known fast swim-
ming baleen whales such as fin, common minke, sei and
Bryde's whales, as well as pilot whales. The project is a
cooperation between the four NAMMCO member coun-
tries (see above) and Japan. MINTAG is led by a Steering
Group, which meets regularly. Pastene and Konishi from
the ICR are members of the Steering Group. An outline
of the MINTAG project can be found at the NAMMCO
homepage.

Fourth online meeting of the Steering Group of the
NAMMCO-Japan MINTAG project.

In 2022 several meetings of the Steering Group have
been carried out. The fourth meeting of the Steering
Group was held online on 9 September 2022. The main
objectives of the meeting were to review of summer test
shooting, tag design and meeting with Wildlife Comput-
ers, project website, plan and schedule for 2023, data
depository and budget.

29" Annual Meeting of the NAMMCO Council

The 29" NAMMCO Council meeting was held at the Grand
Hotel, Oslo, from 13 to 15 September 2022. Pastene from
the ICR participated in the meeting as member of the ob-
server delegation from Japan composed by the Fisheries
Agency and the Ministry of Foreign Affairs (MOFA) mem-
bers. The Council meeting was carried out concurrently
with the meeting of the Management Committee.
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Observers from Japan to the 29" Annual Meeting of the
NAMMCO Council.

Annual meeting of the North Pacific Marine Sci-
ence Organization (PICES)

The North Pacific Marine Science Organization (PICES) is
an intergovernmental science organization established in
1992. It aims to promote and coordinate marine scientific
research in the North Pacific Ocean and its adjacent seas,
and to provide a mechanism for information and data
exchange among scientists in its member countries. Its
present members are Canada, Japan, People's Republic of
China, Republic of Korea, the Russian Federation, and the
United States of America.

Hotel Paradise Busan, the venue of the PICES-2022 meeting.

The 2022 meeting of the PICES was held at the Hotel
Paradise Busan, Busan, Korea. The business meeting
of the Marine Bird and Mammals (S-MBM) group was
held on 24 September 2022. One scientist from the ICR
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participated in the meeting (Tamura) introducing the ob-
server report of the 2022 IWC-SC meeting. The report of
the PICES meeting can be found on the website of PICES
(https://meetings.pices.int/).

Workshop of the project Basin-scale Events to
Coastal Impacts (BECI)

The Basin-scale Events to Coastal Impacts (BECI) is an
approved UN Decade of Ocean Science (UNDOS) project
supported by the North Pacific Anadromous Fish Com-
mission (NPAFC) and the North Pacific Marine Science
Organization (PICES). The objective of BECI is, over the
course of the UN Decade (2021-2030), to develop and
implement an international ocean intelligence system
of monitoring, research and analytical approaches that
will provide timely knowledge and advice to decision
makers regarding the impact of current and future ocean
conditions from the high seas to coastal socio-ecological
systems. In order to develop a high-level science plan for
BECI, a series of workshops are carried out to assemble
experts to advise on the state of climate and ocean mod-
els, knowledge of the current and projected conditions of
climate and ocean in the North Pacific and their likely ef-
fects on biological production including fishery resources
and emerging tools and technology that can be used to
effectively monitor and study the connection between
fish and the ecosystem.

The Workshop 3 of the BECI (‘Technology and tools
for monitoring and synthesis’) was held online from 13
to 14 June 2022. Katsumata from the ICR participated in
this workshop by presenting the study entitled ‘Progress
in the development of a long-range flying VTOL-UAV
‘ASUKA". Presentations made at the Workshop 3 can be
found at https://beci.info/workshop_3/.

“?Aﬁ‘i [ E—

Progress in the development
of a long-range flying VTOL-UAV ‘ASUKA’
and its application for cetacean research

Presentation by an ICR scientist at the Workshop 3 of the BECI.

24" Biennial Conference of the Society for Ma-
rine Mammalogy (SMM)

The Society for Marine Mammalogy (SMM) was founded
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in 1981 and is the largest international association of
marine mammal scientists in the world. The mission of
the SMM is to promote the global advancement of ma-
rine mammal science and contribute to its relevance and
impact in education, conservation and management. The
SMM held conferences every two years.

The 24" biennial conference of the SMM was held at
Palm Beach, Florida, USA from 1 to 5 August 2022. This
was the first fully hybrid, live-virtual conference of the
SMM. Kim, Bando, Fujise and Kato from the ICR were co-
authors of a poster presentation entitled ‘Prenatal devel-
opment stages of the Antarctic minke whale’, presented
to the conference.

2022 Conference of the Spanish Cetacean Society
(SEC)

The Spanish Cetacean Society (SEC) was founded in April

of 1999 during the Xlll Annual Conference of the Europe-
an Cetacean Society held in Valencia. The SEC was created
with the global goals of promoting and coordinating the
co-operation between people and institutions dedicated
to research and conservation of marine mammals in
Spain and to reinforce the link between researchers and
the relevant authorities in order to integrate research
efforts in the framework of the regional, national and in-
ternational biodiversity conservation strategies. The SEC
held annual conferences.

The 2022 annual conference of the SEC was held in
Ibiza, Spain from 27 to 30 October. Pastene, Konishi and
Nakai from the ICR were co-authors of an oral presen-
tation entitled ‘La distribution especial del epibionte
Xenobalanus globicipitis como indicador de diferencias
morfocinematicas entre cetaceos’.
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List of peer-reviewed publications based on the Institute of

Cetacean Research (ICR)’s surveys up to 2022

This section presents a list of peer-reviewed publications
based on data collected by surveys conducted under
former special scientific permit programs (JARPA/JARPAII/
NEWREP-A and JARPN/JARPNII/NEWREP-NP), including
both lethal and non-lethal techniques. Peer-reviewed
publications based on these surveys are focused mainly
on topics related to assessment and management of
large whales. However samples and data collected by
the surveys have also been useful to carry out studies of
a more academic-oriented nature. Publications based on
such studies are also listed here.

This section also includes a list of peer-reviewed publi-
cations resulting from other surveys and research activi-
ties, different from special scientific permit surveys.

Publications having as a first author a non-ICR scien-
tist commonly followed a data request or collaboration
research agreement with ICR. In a few cases, external
scientists used published data from ICR surveys in their
analyses and publications, without a formal agreement
with ICR. These cases are indicated by an asterisk (*).

JARPA/JARPAII/NEWREP-A surveys

1989 (2)

Kato, H., Hiroyama, H., Fujise, Y. and Ono, K. 1989.
Preliminary report of the 1987/88 Japanese feasibil-
ity study of the special permit proposal for Southern
Hemisphere minke whales. Rep. int. Whal. Commn 39:
235-248.

Nakamura, T., Ohnishi, S. and Matsumiya, Y. 1989. A
Bayesian cohort model for catch-at-age data obtained
from research takes of whales. Rep. int. Whal. Commn
39: 375-382.

1990 (8)

Butterworth, D.S. and Punt, A.E. 1990. Some preliminary
examinations of the potential information content
of age-structure data from Antarctic minke whale re-
search catches. Rep. int. Whal. Commn 40: 301-315.

Ichii, T. 1990. Distribution of Antarctic krill concentrations
exploited by Japanese krill trawlers and minke whales.
Proc. NIPR Symp. Polar Biol 3: 36-56.

Itoh, S., Takenaga, F. and Tsuyuki, H. 1990. Studies on lipids
of the Antarctic minke whale. I. The fatty acid composi-
tions of the minke whale blubber oils caught on 1987/88
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season. Yukagaku 39 (7): 486—490 (in Japanese).

Kasamatsu, F., Kishino, H. and Hiroyama, H. 1990. Esti-
mation of the number of minke whale (Balaenoptera
acutorostrata) schools and individuals based on the
1987/88 Japanese feasibility study data. Rep. int. Whal.
Commn 40: 239-247.

Kato, H., Fujise, Y., Yoshida, H., Nakagawa, S., Ishida, M.
and Tanifuji, S. 1990. Cruise report and preliminary
analysis of the 1988/89 Japanese feasibility study of
the special permit proposal for southern hemisphere
minke whales. Rep. int. Whal. Commn 40: 289-300.

Kato, H., Kishino, H. and Fujise, Y. 1990. Some analyses on
age composition and segregation of southern minke
whales using samples obtained by the Japanese fea-
sibility study in 1987/88. Rep. int. Whal. Commn 40:
249-256.

Nagasaki, F. 1990. The Case for Scientific Whaling. Nature
334:189-190.

Tanaka, S. 1990. Estimation of natural mortality coeffi-
cient of whales from the estimates of abundance and
age composition data obtained from research catches.
Rep. int. Whal. Commn 40: 531-536.

1991 (9)

Bergh, M.O., Butterworth, D.S. and Punt, A.E. 1991. Fur-
ther examination of the potential information content
of age-structure data from Antarctic minke whale
research catches. Rep. int. Whal. Commn 41: 349-361.

Ichii, T. and Kato, H. 1991. Food and daily food consump-
tion of southern minke whales in the Antarctic. Polar
Biol 11 (7): 479-487.

Kasamatsu, F., Kishino, H. and Taga, Y. 1991. Estimation
of southern minke whale abundance and school size
composition based on the 1988/89 Japanese feasibility
study data. Rep. int. Whal. Commn 41: 293-301.

Kato, H., Fujise, Y. and Kishino, H. 1991. Age structure and
segregation of southern minke whales by the data ob-
tained during Japanese research take in 1988/89. Rep.
int. Whal. Commn 41: 287-292.

Kato, H. and Miyashita, T. 1991. Migration strategy of
southern minke whales in relation to reproductive
cycles estimated from foetal lengths. Rep. int. Whal.
Commn 41: 363-369.

Kato, H., Zenitani, R. and Nakamura, T. 1991. Inter-reader
calibration in age readings of earplugs from southern
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minke whale, with some notes of age readability. Rep.
int. Whal. Commn 41: 339-343.

Kishino, H., Kato, H., Kasamatsu, F. and Fujise, Y. 1991.
Detection of heterogeneity and estimation of popula-
tion characteristics from the field survey data: 1987/88
Japanese feasibility study of the Southern Hemisphere
minke whales. Ann. Inst. Statist. Math. 43 (3): 435-453.

Nakamura, T. 1991. A new look at a Bayesian cohort
model for time-series data obtained from research
takes of whales. Rep. int. Whal. Commn 41: 345-348.

Wada, S., Kobayashi, T. and Numachi, K. 1991. Genetic
variability and differentiation of mitochondrial DNA in
minke whales. Rep. int. Whal. Commn (special issue)
13:203-215.

1992 (2)

Nakamura, T. 1992. Simulation trials of a Bayesian cohort
model for time-series data obtained from research
takes of whales. Rep. int. Whal. Commn 42: 421-427.

Tanaka, S., Kasamatsu, F. and Fujise, Y. 1992. Likely pre-
cision of estimates of natural mortality rates from
Japanese research data for Southern Hemisphere
minke whales. Rep. int. Whal. Commn 42: 413-420.

1993 (7)

Fujise, Y., Ishikawa, H., Saino, S., Nagano, M., Ishii, K.,
Kawaguchi, S., Tanifuji, S., Kawashima, S. and Miyako-
shi H. 1993. Cruise report of the 1991/92 Japanese re-
search in Area IV under the special permit for Southern
Hemisphere minke whales. Rep. int. Whal. Commn 43:
357-371.

Hasunuma, R., Ogawa, T., Fujise, Y. and Kawanishi,
Y. 1993. Analysis of selenium metabolites in urine
samples of minke whale (Balaenoptera acutorostrata)
using ion exchange chromatography. Comp. Biochem.
Physiol. 104C (1): 87-89.

Itoh, S., Takenaga, F. and Tsuyuki, H. 1993. Studies on
lipids of the Antarctic minke whale. Il. The fatty acid
compositions of the blubber oils of minke whale and
dwarf minke whale caught on 1988/89 and 1989/90
seasons. Yukagaku 42 (12): 1007-1011 (in Japanese).

Iwata, H., Tanabe, S., Sakai, N. and Tatsukawa, R. 1993.
Distribution of persistent organochlorines in the oce-
anic air and surface seawater and the role of ocean on
their global transport and fate. Environ. Sci. Technol.
27:1080-1098.

Kasamatsu, F., Yamamoto, Y., Zenitani, R., Ishikawa, H.,
Ishibashi, T., Sato, H., Takashima, K. and Tanifuji, S.
1993. Report of the 1990/91 southern minke whale
research cruise under scientific permit in Area V. Rep.

int. Whal. Commn 43: 505-522.

Nakamura, T. 1993. Two-stage Bayesian cohort model
for time-series data to reduce bias in the estimate of
mean natural mortality rate. Rep. int. Whal. Commn
43:343-348.

Pastene, L.A., Kobayashi, T., Fujise, Y. and Numachi, K.
1993. Mitochondrial DNA differentiation in Antarctic
minke whales. Rep. int. Whal. Commn 43: 349-355.

1994 (3)

Kimoto, H., Endo, Y. and Fujimoto, K. 1994. Influence of
interesterification on the oxidative stability of marine
oil triacylglycerols. JAOCS 71 (5): 469-473.

Pastene, L.A., Fujise, Y. and Numachi, K. 1994. Differen-
tiation of mitochondrial DNA between ordinary and
dwarf forms of southern minke whale. Rep. int. Whal.
Commn 44:277-281.

Yoshioka, M., Okumura, T., Aida, K. and Fujise, Y. 1994. A
proposed technique for quantifying muscle progester-
one content in the minke whales (Balaenoptera acuto-
rostrata). Can. J. Zool. 72 (2): 368-370.

1995 (3)

Fukui, Y., Mogoe, T., Terawaki, Y., Ishikawa, H., Fujise,
Y. and Ohsumi, S. 1995. Relationship between physi-
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