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Foreword

It is a pleasure for me to introduce the eighth issue of the Technical Reports of the Ins�tute of Cetacean Research 
(TEREP-ICR-8). TEREP-ICR describes and reports on the process, progress, and results of technical or scien�fic research 
on whales and their environment, as well as the field ac�vi�es and state of current research surveys conducted by the 
ICR, both in the North Pacific and the Antarc�c Oceans.

The defini�ve return of the in-person mode of work in the post-pandemic period facilitated the research ac�vi�es 
carried out in 2024, including field surveys, laboratory work and analyses, wri�ng of papers and par�cipa�on in na�onal 
and interna�onal mee�ngs. This, in turn, enabled the ICR to make a significant contribu�on to whale science during this 
year as shown in this issue of TEREP-ICR.

To facilitate the research work on cetaceans, the ICR has undergone reorganiza�on in 2024 and now has two Re-
search Departments under the Survey and Research Division. The first department deals with studies directly relevant 
for assessment and management, while the second department deals with studies on biological and ecological topics 
which can be used as indicators of the health, condi�on and role of whales in the ecosystem. Furthermore, the ICR in 
2024 expanded into two offices, Tokyo Office and Taiji Office. All laboratories dedicated to aspects of biology, gene�cs, 
feeding ecology, and chemicals of cetaceans are located at the Taiji Office. I trust that this new organiza�onal structure 
at the ICR will allow more comprehensive and innova�ve research on cetaceans with a focus on their conserva�on and 
management.

I would like to highlight three of ICR’s ac�vi�es in 2024 that involved interna�onal research collabora�on. Firstly, in 
March 2024, a German researcher completed a successful one-year post-doctoral stay at the ICR which was the first 
experience of this kind for our ins�tute. The main objec�ve of the post-doctoral stay was the development and estab-
lishment of a new gene�c marker (Single Nucleo�de Polymorphism or SNP), which is now available for the use in stud-
ies on popula�on genomic structure in baleen whale species by the ICR gene�c team (see a report of the post-doctoral 
research in this issue). Secondly, in February 2024 a training course for the SNP gene�c marker was carried out by a Ger-
man researcher at the ICR Taiji Office’s gene�c laboratory. This ac�vity was accompanied by a successful interna�onal 
workshop on the use of gene�c data for whales’ stock iden�fica�on purposes, with the par�cipa�on of interna�onal 
experts from Norway, Iceland, Germany and Japan. Finally, a Chilean scien�st par�cipated successfully in the 2023/24 
survey of the JASS-A program in the Antarc�c Ocean enabling a path for further research collabora�on on whales be-
tween his ins�tute in Chile and ICR (see commentary ar�cle in this issue). I hope that ac�vi�es involving interna�onal 
research collabora�on will increase in the future.

The previous TEREP-ICR-7 was widely distributed both in Japan and other countries. There is good evidence that 
TEREP-ICR is on course towards achieving its objec�ves. At the same �me, TEREP-ICR has been providing valuable oppor-
tuni�es for our scien�sts to compile and summarize their research conducted over the years, as a precursor to submit-
�ng their works for publica�on in peer-reviewed journals (see some examples of publica�ons in the list of peer-reviewed 
papers in this TEREP issue).

It is my sincere hope that this eighth issue of the TEREP-ICR will contribute further to an increased understanding 
among na�onal and interna�onal scien�fic communi�es of the technical and research ac�vi�es on whales and their 
ecosystem conducted by the ICR.

Dr. Yoshihiro Fujise
Director General
Ins�tute of Cetacean Research
Tokyo, December 2024
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Editorial

Welcome to the eighth issue of the Technical Reports of the Ins�tute of Cetacean Research (TEREP-ICR-8).

This issue contains six technical reports and one commentary ar�cle. Takahashi and Pastene presented a summary of 
their published study on the use of mathema�cal models to inves�gate close kin in the southern right whale of the In-
dian sector of the Antarc�c. The analysis was based on gene�c data from biopsy samples obtained from several Japanese 
and Interna�onal Whaling Commission (IWC) whale research surveys in the Antarc�c. Kiemel and colleagues explained 
the development and implementa�on of Single Nucleo�de Polymorphism (SNPs) markers for whale’s popula�on ge-
nomics research at the ICR. Katsumata and Isoda presented an overview of the studies on individual iden�fica�on and 
photogrammetry of Antarc�c blue whales based on drone surveys conducted by the ICR in the Antarc�c.

Results of three important dedicated sigh�ng surveys were presented in this issue: Isoda and colleagues summarized 
the results of the 2023/24 austral summer season survey of the Japanese Abundance and Stock structure Surveys in the 
Antarc�c (JASS-A) conducted in a Indian sector of the Antarc�c; Kim and colleagues summarized the results of sigh�ng 
surveys conducted in the North Pacific in 2023; and Murase and Yoshimura presented an overview of the results of the 
2023 IWC-Pacific Ocean Whale and Ecosystem Research (IWC-POWER) survey conducted in the eastern North Pacific.

In the commentary ar�cle, Pastene described two successful cases of interna�onal research collabora�ons by the 
ICR in 2023/24 highligh�ng the importance of interna�onal research collabora�on in the study of cetaceans by the ICR.

TEREP-ICR-8 issue also included sec�ons that outline the contribu�on of ICR scien�sts to interna�onal and na�onal 
mee�ngs in 2024, as well as their contribu�on in terms of peer-reviewed publica�ons up to December 2024.

We trust that you will find this eighth TEREP-ICR issue informa�ve and useful.

Dr. Luis A. Pastene
Dr. Mutsuo Goto
Editorial Team, TEREP-ICR
Tokyo, December 2024
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Technical Report (not peer reviewed)

A method to inves�gate close kin in wildlife popula�ons: the case of 
the southern right whale (Eubalaena australis) in the Indian sector of 
the Antarc�c Ocean
Megumi Takahashi* and Luis A. Pastene

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

*Contact e-mail: takahashi@cetacean.jp

ABSTRACT
This paper describes a method for inves�ga�ng close kin in wildlife species, which is based on LOD (Logarithm 
of the odds) score—a relatedness index for a pair of genotypes. The method was applied to study the distri-
bu�on of close kin in southern right whales in the feeding grounds of the Indo-Pacific sector of the Antarc�c 
Ocean, using biopsy samples of 183 individual whales collected during Japanese and Interna�onal Whaling 
Commission’s whale surveys in the Antarc�c. The descrip�on of the method and results for southern right 
whales in this paper are based on a recently published paper derived from a research collabora�on between 
scien�sts of the Ins�tute of Cetacean Research and the University of Bergen, Norway.

INTRODUCTION

The gene�c determina�on of close kin pairs has been 
proposed as a general framework for es�ma�ng key pop-
ula�on parameters, such as popula�on size and growth 
rate in wild animals (Bravington et al., 2016). Also, kinship 
informa�on can assist the interpreta�on of movement 
and social and popula�on structure in whales (Skaug 
et al., 2010). Therefore, informa�on on close kin has 
the poten�al to contribute to the conserva�on of whale 
species through the monitoring of important popula�on 
parameters. See Taguchi (2020) for a review of gene�c 
methods to infer kinship inferences in whales.

A commonly used test sta�s�c for close kin inference 
is the LOD (Logarithm of the odds) score, which is readily 
calculated from a pair of DNA profiles (Meagher, 1986; 
Skaug, 2001). Two individuals may be classified as re-
lated, with no further specifica�on of the type of rela�on-
ship if their LOD score exceeds a predefined cri�cal value.

The objec�ve of this paper is to present a brief outline 
of the analy�cal methodology of close kinship inference 
based on LOD. This paper also presents the results of the 
applica�on of this methodology on southern right whales in 
the feeding grounds of the Indo-Pacific sector of the Antarc-
�c. The descrip�on of the method and results for southern 
right whales in this paper are based on a recently published 

 

Figure 1.　Examples of relatedness index for a pair of genotype for a case of 171 individuals analyzed.
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paper derived from a research collabora�on between sci-
en�sts of the Ins�tute of Cetacean Research (ICR) and the 
University of Bergen, Norway (Takahashi et al., 2024).

ANALYTICAL PROCEDURES

LOD score analysis
The LOD is defined as the log-likelihood ra�o of the prob-
ability of an observed genotype pair when they share a 
certain rela�onship, e.g., parent-offspring, rela�ve to the 
probability of the genotype pair when they are unrelated. 
For the parent-offspring rela�onship (PO), this amounts 
to 

 
−⎛ ⎞

⎜ ⎟
⎝ ⎠

=
( , | )

( , ) ln .
( , | )

i j
PO

i j

P G G Parent offspring
LOD i j
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Here, Gi and Gj are the observed genotypes for two 
specimens, i and j. LOD scores for other kinship categories 
are defined similarly (Figure 1).

The observed genotypes may contain genotyping er-
rors. To address this, a simple error model with a constant 
and independent per-allele error rate can be used. For a 
parent-offspring pair and self/monozygo�c rela�onships, 
an error model ensures that the LOD score is well defined 
for all genotype pairs. Otherwise, the LOD score would be 
undefined for all pairs containing loci with no compa�ble 
alleles.

The second-degree rela�onships of half-siblings (HS), 

grandparents, and full aunts and uncles all have the same 
LOD score and cannot be dis�nguished on the basis of 
genotypes. We refer to this as the LODHS (half-sibling 
LOD score). It should be kept in mind that LODHS does 
not necessarily refer to only half-siblings. We define the 
maximum likelihood kinship for a genotype pair as the 
kinship category that gives the highest probability for the 
observed genotype, i.e., the rela�onship with the highest 
P(Gi,Gj|Kinship). This is equivalent to selec�ng the kinship 
category with the highest LOD score, since its denomina-
tor is the same for all kinship categories.

APPLICATION OF THE METHOD TO THE SOUTH-
ERN RIGHT WHALE

Background of the southern right whale
Southern right whales (Eubalaena australis) are widely 
distributed across the three ocean basins in the Southern 
Hemisphere: South Atlan�c, Indian Ocean, and South Pa-
cific, mainly between la�tudes 16°S and 65°S. Southern 
right whales approach the con�nental coasts and some 
islands for breeding, calving and res�ng during the austral 
winter and early spring. The primary breeding grounds 
of this species are located in the waters off South Africa, 
South West Australia, mainland New Zealand, New Zea-
land Sub-Antarc�c and Argen�na (Figure 2) (Carroll et al., 
2014; 2016; Cranswick, 2022; IWC, 2001; 2013). Also, 
southern right whales occur in winter in coastal areas of 

Figure 2.　Historical distribu�on and primary calving grounds of southern right whales. The geographical posi�ons of 
the sampled whales for this study are shown by sex. Surveys were conducted in the austral summer seasons 
(December to March) from 1993/94 to 2018/19. The map was obtained in the R sta�s�cal environment (R 
core Team, 2023) using ‘rnaturalearth’ package (Massico�e and South, 2023), and the world vector map 
data was obtained from Natural Earth (public domain): h�p://www.naturalearthdata.com.



A method to investigate close kin in wildlife populations

3

South Eastern Australia, Chile and Brazil.
Previous studies on distribu�on and movement based 

on photo-id matches (Bannister, 1999), historical whaling 
data and sigh�ng surveys (Bannister, 2001) showed that 
whales in the Indian sector of the Antarc�c (85°–135°E) 
are associated with breeding grounds in the Austral-
asian regions. Also, a previous study on mtDNA analysis 
supported a close rela�onship between whales in the 
Antarc�c Indian sector and whales in the Southwestern 
Australia breeding ground (Pastene et al., 2018).

Biopsy samples
A total of 183 skin/blubber biopsy samples were ob-
tained opportunis�cally from free-ranging southern right 
whales along the sigh�ng surveys of the Japanese Whale 
Research Program under Special Permit in the Antarc�c 
(JARPA/JARPAII), the Interna�onal Whaling Commission-
Interna�onal Decade for Cetacean Research/Southern 
Ocean Whale and Ecosystem Research (IWC-IDCR/
SOWER) programs, and the New Scien�fic Whale Re-
search Program in the Antarc�c Ocean (NEWREP-A) in the 
Antarc�c Ocean from 60°W to 170°W across the 180° me-
ridian, south of 35°S during the austral summer seasons 
(December to March) 1993/94 to 2018/19.

Most of the samples were taken in the Antarc�c In-
dian sector (85°–135°E), south of 60°S from 1993/94 to 
2015/16. Figure 2 shows the geographical distribu�on 
of the southern right whales sampled. For each sample, 
sampling date and geographical loca�on were available. 
In some cases, visually es�mated measurements of 
body lengths of the animals sampled were recorded in 
conjunc�on with other ancillary informa�on such as the 
presence of calf. Visual es�mates of body length were 
made from the vessels by experienced scien�sts and 
crew members. This addi�onal non-gene�c informa�on 

assisted the interpreta�on of the results of close kinship 
inferences.

DNA profile prepara�on
Microsatellite DNA (msDNA) genotypes were the primary 
data used for es�ma�ng close kinship. Also, the sex in-
forma�on and mitochondrial DNA (mtDNA) haplotypes 
were used only to assist the interpreta�on of close 
kinship inferences. The DNA samples were genotyped 
using 14 microsatellite loci: EV1Pm, EV14Pm, EV21Pm, 
EV37Mn, EV94Mn (Valsecchi and Amos, 1996), GT023, 
GT211, GT310 (Bérubé et al., 2009), GAT A028 (Palsbøll 
et al., 1997), DlrFCB17 (Buchanan et al., 1996), TR3G2, 
TR2G5, TR2F2, and TR3F3 (Frasier et al., 2006). The SRY 
locus located on the Y chromosome was also used for 
sex determina�on following the method of Abe et al. 
(2001) with a slight modifica�on described in Pastene 
et al. (2022).

Also, the first 470 base pairs (bp) at the 5ʹ end of the 
mtDNA control region was sequenced. The mtDNA haplo-
types were used for interpreta�on purposes.

Results of the close kinship inference
Determination of the cut-off point value
Figure 3 shows the LOD score distribu�ons (LODPO) for 
simulated and observed data sets. There was an overlap 
between the three distribu�ons simulated from differ-
ent kinship categories (Figure 3, le�). Table 1 shows the 
number of detected close kin dyads at various levels of 
the cut-off point of LOD score, as well as the expected 
number of false posi�ves from unrelated pairs. The chal-
lenge is to find a way to determine the value of the cut-off 
point that will maximize the number of correctly inferred 
pairs of related individuals, while keeping the number of 
pairs incorrectly inferred as close rela�ves to a reason-

Figure 3.　Simulated (le�) and observed (right) distribu�on of the LODPO scores. For the three simulated datasets (HS, 
PO, U) normalized densi�es (unit area) are shown, while for the real data the absolute frequency of each 
rela�onship category, as assigned by the maximum likelihood, is displayed.



4

Technical Reports of the Ins�tute of Cetacean Research (2024)

able minimum. In this case, the best cut-off point under 
this criterion was LODPO>6.

Identification of close kin dyads
Figure 4 provides a schema�c representa�on of the infor-
ma�on of the 28 dyads with LODPO>6. They consist of a 

total of 25 possible PO pairs and three possible full-sibling 
(FS) pairs, as determined by maximum likelihood classifi-
ca�on. Some addi�onal gene�c (mtDNA haplotype) and 
biological (body length and sex) informa�on can assist 
in the interpreta�on of close kinship categories. Triad 
rela�onships in this figure result from one individual 

Table 1　
Number of related pairs by different (maximum probability) kinship category (PO/HS/FS) for LODPO score, for different cut-off LOD values.

Kinship categories 
for LOD score

Cut-off  
point

# highest likelihood (# expected FP) # expected FN on 
category “PO”FS HS PO

HS 8 1 — — — 2 — —
7 1 — — — 4 (0.01) —
6 2 (0.09) — (0.16) 8 (0.19) —
5 5 (1.00) 6 (1.00) 15 (0.97) —
4 9 (4.00) 14 (8.00) 25 (4.00) —
3 28 (18.00) 41 (49.00) 43 (12.00) —

PO 8 2 (0.07) — — 13 (0.60) 15
7 3 (0.16) — — 18 (1.00) 11
6 3 (0.29) — (0.01) 25 (4.00) 8
5 4 (0.74) 1 (0.31) 39 (9.00) 6
4 6 (1.00) 4 (1.00) 51 (16.00) 4
3 9 (3.00) 7 (4.00) 58 (23.00) 3

Figure 4.　Schema�c representa�on of the dyads and triads in Table 1 (LODPO>6). The strength of evidence (LODPO) is 
indicated by the width of the line connec�ng related individuals. Mitochondrial DNA haplotypes are shown 
by color: circles denote females and squares denote males. The dashed circles show dyads inferred as full-
sibling pairs by maximum likelihood.
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occurring in more than one dyad. Dyads encircled by a 
dashed line show possible FS pairs. There were two triads 
comprising only female animals, and there were three 
triads comprising two males and one female.

The triad 93IVR003 (male), 05IVR45 (male) and 
05IVR44 (female) was one of the strongly supported 
triads and also a case in which the biological data con-
tributed to the interpreta�ng of close kin inference. Male 
93IVR003 had a dyad with a male 05IVR45 and another 
dyad with female 05IVR44. The two pairwise LOD scores 
were LODPO=7.73 and LODPO=8.69, respec�vely. The 
fact that 93IVR003 had reached 13.7 m in body length in 
1993 indicates that it was sexually mature. This supports 
the possibility that the other two animals in the triad 
(05IVR45 and 05IVR44) are the son and daughter of male 
93IVR003, respec�vely.

Geographical connections for inferred dyads
Figure 5 shows the geographical loca�ons and connec-
�ons for the 28 dyads with LODPO>6. Six of these dyads 

were individuals sampled at low and high la�tudes; the 
high-la�tude individuals of these dyads were mostly con-
centrated between 85°E and 110°E. Within the Antarc�c, 
parent-offspring rela�onships were concentrated within 
the Antarc�c Indian sector. There was a single connec�on 
between the inner and outer Indo-Pacific sectorsfor one 
possible full-sibling rela�onship. In addi�on, there were 
no close kin rela�onships iden�fied between individuals 
distributed west and east of 85°E.

Interpretation of results
Close kinship informa�on from this study strongly sup-
ported the view that whales in the Indian sector of the 
Antarc�c belong to a stock related to Southwestern 
Australia, as most of the dyads were found within the 
sector 85°–135°E (within and between austral summer 
seasons), and between this Antarc�c sector and whales in 
lower la�tudes off Southwestern Australia (between dif-
ferent austral summer seasons). Also, results of this study 
supported the hypothesis that fidelity to feeding areas is 

Figure 5.　Geographical connec�ons for dyads with LODPO>6 indica�ng the degree of strength of the connec�on. 
The inset shows a map focusing on the Indian sector of the Antarc�c where most of the observa�ons are 
concentrated. Maps were obtained by R (R core Team, 2023) using ‘rnaturalearth’ package (Massico�e and 
South, 2023).
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inherited from mother to offspring (Carroll et al., 2015; 
Valenzuela et al., 2009), given that most of the maternally 
related parent offspring pairs occurred in a similar sector 
in the Antarc�c (85°–135°E) or represented connec�ons 
between low and high la�tude waters in this longitudinal 
sector.

As previously men�oned, however, a possible full-
sibling pair was found between the Antarc�c Indian 
sector and the outer Amtarc�c Indian sector (between 
160° and 170°E). This could be explained by the sporadic 
dispersion of close kin whales of the Southwest Australia 
stock in the core longitudinal sector (85°–135°E) into a 
more eastern longitude. An alterna�ve explana�on could 
be that whales from different breeding grounds, for ex-
ample, Southwest Australia and New Zealand, breed (Pat-
enaude et al., 2007) and their ‘hybrid’ offspring migrate 
to different sectors of the Antarc�c. However, currently 
there is no evidence of monogamy, so full-siblings can be 
expected to be rare. A third interpreta�on is the possibil-
ity of a false-posi�ve dyad for this par�cular case. The 
first interpreta�on of sporadic longitudinal dispersion of 
possible full siblings is considered more plausible.

The uncertain�es for the inference of close kin dyads 
are related mainly to the amount of informa�on in the 
DNA profiles, and also to genotyping error. In the present 
study, a simple error model with a constant and inde-
pendent per-allele error rate was based on genotyping 
error informa�on from the North Pacific right whale. 
Uncertainty associated with the analy�cal approach used 
in this study could be reduced by the use of other gene�c 
markers, as well as biological informa�on such as age of 
the individuals.

POTENTIAL USE OF CLOSE KINSHIP INFORMA-
TION

Close kinship data from this study can be used for es�-
ma�ng the abundance of the stock using close-kin mark-
recapture (CKMR) method (Bravington et al., 2016). The 
CKMR method is an extension of classical mark-recapture 
methods. In previous applica�ons of this method to fish 
species, age data have been available, which simplified 
the calcula�on of kinship recapture probabili�es. No age 
data is available for southern right whales. Therefore if 
the CKMR method is applied to this species in the future, 
some modifica�on of the method that addresses the lack 
of age data, will be required (e.g., Skaug, 2001).

As men�oned earlier, close kin informa�on are po-
ten�ally useful for es�ma�ng some demographic pa-
rameters, which should be monitored for conserva�on 
purposes. Furthermore, the informa�on on close kinship 

in this study could also be informa�ve about inbreeding 
in this species.

However, when using feeding ground data, if the aim 
is to es�mate the size of a breeding popula�on, then the 
ques�on of which popula�on size is being es�mated re-
quires careful considera�on, and further methodological 
developments are also needed.

See Takahashi et al. (2024) for details of the close 
kinship inference using LOD score, and applica�on and 
results for southern right whales.
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ABSTRACT
The inference of popula�on structure and species determina�on has relied on the availability of molecular 
informa�on. This informa�on was tradi�onally gained through markers such as microsatellite DNA, single 
mitochondrial gene sequencing or Restric�on Fragment Length Polymorphisms (RFLPs). However, with the 
advent of high throughput genomics, which began more than two decades ago with the development of next 
genera�on sequencing (NGS), there has been a significant shi� in methodology. The increasing cost efficiency 
of NGS has led to a rapid increase in publica�ons u�lizing genome-wide single nucleo�de polymorphisms 
(SNPs) to determine species, study popula�on structure and allow to examine the related adapta�ons shap-
ing the observed popula�on structure. The use of SNPs allows for a more comprehensive analysis of gene�c 
varia�on across en�re genomes, o�en providing a more detailed and accurate understanding of fine scale 
popula�on structure and species rela�onships than tradi�onally used markers. Furthermore, SNP assays 
(i.e., a defined number of informa�ve SNPs) allow the screening of large numbers of samples with the added 
benefit of between-laboratory comparability. Currently, the Ins�tute of Cetacean Research (ICR) employs tra-
di�onal markers. However, the advantages of SNPs strongly support the need for a transi�on to this method. 
To facilitate the transi�on, a SNP pipeline has been established that allows the ICR to (i) iden�fy SNPs from 
double digest Restric�on-site Associated DNA (ddRAD) sequencing data and quality filter SNPs depending on 
different datasets, (ii) conduct the SNP analysis and (iii) select a SNP assay which facilitates further processing 
of unprocessed samples not subject to ddRAD sequencing or DNA samples of low quality.

INTRODUCTION

To accurately iden�fy species and assess their popula-
�on structure, molecular informa�on is essen�al. Before 
the advent of high throughput technologies, scien�sts 
relied on methods such as Restric�on Fragment Length 
Polymorphisms (RFLPs), microsatellite DNA and single 
gene sequencing, o�en focusing on the mitochondrial 
DNA (mtDNA), to study species and their popula�on 
structures. However, using these markers, o�en re-
sulted in unresolved fine scale popula�on structures. 
The emergence of next genera�on sequencing (NGS) and 
its various methods to process DNA prior to sequenc-
ing, including double digest Restric�on-enzyme Associ-
ated DNA (ddRAD) and Genotyping by Random Amplicon 
Sequencing-Direct (GRAS-Di), has introduced the high 
throughput era, enabling the transi�on from popula�on 

gene�cs to popula�on genomics (Hemmer-Hansen et al., 
2014; Hohenlohe et al., 2021).

The analysis of Single Nucleo�de Polymorphisms 
(SNPs) or en�re genomes offers significant advantages 
by overcoming the resolu�on limita�ons of tradi�onal 
popula�on gene�cs o�en encountered in highly mobile 
species/groups such as cetaceans (Lah et al., 2016). This 
approach leverages a vastly increased number of loci, 
o�en ranging from hundreds to several thousands, pro-
viding comprehensive genomic coverage that includes 
both coding and non-coding regions, which in turn allow-
ing the iden�fica�on of signs of selec�on and the inves-
�ga�on of adapta�ons that shape the observed popula-
�on structures (e.g., Autenrieth et al., 2024; Celemín 
et al., 2023).

SNP assays, also referred to as panels (i.e., a fixed 
number of informa�ve SNPs), have become par�cularly 
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valuable for their ability to enable a high comparability of 
popula�on gene�cs conducted in different laboratories 
without the need for prior calibra�on, as is required for 
microsatellites (Ellis et al., 2011). Technologies such as 
microfluidics (e.g., the Fluidigm System, Standard BioTo-
ols as shown in Figure 1), facilitate the high throughput 
processing of SNP assays through integrated fluidic 
circuits (IFCs), which can perform mul�ple PCRs simulta-
neously. This method allows semi-automated screening 
of large numbers of samples and SNPs, thereby sig-
nificantly enhancing efficiency and consistency in gene�c 
analysis (Fabbri et al., 2012; Kraus et al., 2014; Holman 
et al., 2015).

Blue whales (Balaenoptera musculus), a highly mo-
bile marine species, have been significantly depleted 
in the 19th and 20th century due to commercial whal-
ing and are currently listed as an endangered species 
(IUCN, 2024). They have a�racted considerable scien�fic 
interest, with popula�on structure being studied using 
tradi�onal markers such as the mtDNA control region, 
microsatellite DNA (e.g., LeDuc et al., 2007; 2016; Torres-
Lorez et al., 2014), but also SNPs (A�ard et al., 2024). 
These studies have revealed pronounced gene�c differ-
en�a�on among ocean regions (i.e., North Pacific, South 
Pacific, Southern Ocean and Indian Ocean). The combi-
na�on of results based on gene�cs (LeDuc et al., 2007; 
2016; Torres-Lorez et al., 2014), morphometrics (i.e., 
Branch et al., 2007; Pastene et al., 2020) and acous�cs 
(McDonald et al., 2006), suggest the existence of five 
subspecies (i.e., B. m. musculus, B. m. intermedia, B. m. 
indica, B. m. brevicauda, B. m. unnamed subspecies, aka 
Chilean blue whale).

To facilitate the transi�on from popula�on gene�cs to 
popula�on genomics for the inves�ga�on of cetaceans at 
the ICR, this study established a SNP panel pipeline, using 

blue whales as an example, which will allow the process-
ing of data generated from ddRAD sequencing. The aim 
was to develop a pipeline which can (i) iden�fy and qual-
ity filter SNPs, (ii) perform SNP analysis, and (iii) design 
a SNP panel allowing for species/popula�on assessment 
and kinship analysis for subsequent use on the Fluidigm 
system available at the ICR.

SAMPLE SELECTION, DNA EXTRACTION AND ddRAD 
SEQUENCING

Samples (n=314) of the subspecies Balaenoptera m. mus-
culus, B. m. intermedia (Antarc�c blue whale), B. m. brevi-
cauda (pygmy blue whale) and B. m. unnamed subspecies 
(aka) Chilean Blue whale were used for the development 
of SNP genotyping techniques at the ICR. These samples 
were biopsied under various surveys including the In-
terna�onal Whaling Commission Pacific Ocean Whale 
and Ecosystem Research (IWC POWER), Japanese Whale 
Research Program under Special Permit in the western 
North Pacific, Phases II (JARPNII), New Scien�fic Whale 
Research Program in the North Pacific (NEWREP-NP), 
Japanese dedicated sigh�ng surveys, IWC Interna�onal 
Decade for Cetacean Research-Southern Ocean Whale 
and Ecosystem Research (IWC IDCR-SOWER), Japanese 
Whale Research Program under Special Permit in the Ant-
arc�c, Phases I and II (JARPA and JARPAII), New Scien�fic 
Whale Research Program in the Antarc�c (NEWREP-A) 
and Japanese Abundance and Stock-structure Surveys in 
the Antarc�c (JASS-A).

Samples were selected to cover global distribu�on 
from the following regions with sample sizes as indicated: 
Indian Ocean (IO) n=21, Southern Ocean (SO) n=224, 
eastern South Pacific (ESP) n=17, eastern North Pacific 
(ENP) n=10, western North Pacific (WNP) n=42. Total 
genomic DNA was extracted from approximately 0.05 g of 

Figure 1.　Fluidigm system consis�ng of (A) the IFC available in different sizes 24×96, 48×48 and 96×96, (B) JUNO to 
conduct PCRs and (C) EP1 to visualize results. Example of a result output is shown in (D). Each column is a 
sample while each row is a SNP. Red dots represent a homozygous call for allele (X/X), green dots represent 
a homozygous call for allele (Y/Y), blue dots represent a heterozygous call (X/Y), and grey dots indicate 
unsuccessful amplifica�on. Figures (A), (B) and (C) are from Standard BioTools (2024).
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�ssue sample (i.e., skin, muscle or blubber), using either 
the phenol-chloroform method (Sambrook et al., 1989) 
or the Gentra Puregene kit (QUIAGEN), following the 
manufacturer’s protocol for animal �ssue. The extracted 
DNA was stored in TE buffer at 4°C un�l further process-
ing.

To retrieve ddRAD sequences, 25 µL of extracted DNA 
(5–10 ng/µL) was sent to the Giken Biotechnology Lab 
for sequencing. For genomic library prepara�on, 100 ng 
of DNA was treated with the restric�on enzymes MspI 
and EcoRI for 3 hours at 37°C. The DNA was then cleaned 
using DNA Clean Beads (MGI Tech CO Ltd) and ligated 
for 16 hours using T4-DNA-Ligase (TaKaRa), followed by 
another cleaning with DNA Clean Beads. The library was 
amplified using PCR, and a size selec�on performed with 
a size range of 240–400 bp. Libraries were quan�fied 
using the Qubit dsDNA HS Assay kit and enriched with 
DNA Clean beads. Final libraries were checked with the 
Agilent 2100 Bioanalyzer and the High sensi�vity DNA 
Kit (Agilent technology). Libraries were circularized using 
the MGIEasy Circulariza�on kit (MGI Tech Co Ltd) as per 
the manufacturer’s protocol. Paired-end reads of 100 bp 
or 200 bp were sequenced on a DNBSEQ G400 with a 
sequencing depth of 1–3 million read pairs, respec�vely. 
The company provided demul�plexed reads.

SNP IDENTIFICATION

To iden�fy SNPs, demul�plexed reads were processed 
using radtags to check for intact barcodes and restric-
�on enzyme cu�ng sites. Adapters were trimmed at the 
3ʹ-end and filtered for the mean quality using the program 
fastp (Chen, 2023). The reads were then mapped against 
the indexed reference genome of B. m. musculus (NCBI 
Accession number: GCA_009873245.3) using BWA-MEM 
(Li, 2013), and bam files were indexed using samtools 
index. SNPs were called using STACKS version 2.2 (Ro-
che�e et al., 2019) and freebayes version 1.3.6 (Garrison 
& Marth, 2012). Info tags derived from freebayes were 
combined with the SNPs called by STACKS using bc�ools 
annotate (Li et al., 2011). SNPs were filtered based on a 
modified pipeline described by O’Leary et al. (2018) using 
vc�ools version 0.1.19 (Danecek et al., 2011), bc�ools 
version 1.13 (Li et al., 2011) and plink version 1.9 (Purcell 
et al., 2007).

First, SNPs located on non-autosomal chromosomes 
(i.e., sex-determining chromosomes and mtDNA) were 
removed, as they can bias subsequent popula�on gene�c 
analysis. To ensure that only high quality SNPs being re-
tained, several filter steps were included to remove low 
confidence SNPs, as described in O’Leary et al. (2018). 

SNPs were filtered for minor allele frequency (MAF≥0.05), 
quality score (QUAL≥20), minimum genotype read depth 
(minDP≥5), minimum mean read depth per locus (min-
meanDP≥15) and minor allele count (MAC≥3). Next, 
SNPs were filtered itera�vely by genotype call rate (geno) 
and individual missing data (imiss) to minimize missing 
data: step 1: geno≥50%, imiss≤90%; step 2: geno≥60%, 
imiss≤70%; step 3: geno≥70%, imiss≤50%. A�er adjust-
ing the SNP dataset, only biallelic SNPs were retained and 
filtered using the info tags to ensure a high confidence 
SNP set by the removal of addi�onal puta�ve low con-
fidence SNPs. SNPs were filtered for allele balance (AB: 
0.2–0.8), quality/depth ra�o (QUAL/DPB>0.2), mapping 
quality (MQM/MQMR 0.25–1.75) and properly paired 
status. A final filtering step was done based on geno-
type call rate and individual missing data (4: geno≥85%, 
imiss≤25%). Only unlinked SNPs and those in Hardy-
Weinberg Equilibrium were kept for further analysis.

IDENTIFICATION OF DUPLICATED INDIVIDUALS 
AND POPULATION GENETIC ANALYSIS

Before conduc�ng the popula�on gene�c analysis, the re-
maining individuals were checked for duplicates. Samples 
were derived from biopsy sampling, thus enabling the 
possibility of repeated sampling. To iden�fy duplicates, 
the R package sequoia v. 2.11.2 (Huisman, 2017) was 
used. Duplicate individuals, as well as parent offspring 
pairs (PO) sampled at the same loca�on and �me, were 
removed to ensure the criteria of random sampling. 
Popula�on gene�c analysis was conducted based on 
the remaining Individuals and SNPs. All analyses were 
conducted using R version 4.2.2 (R Core Team, 2021) and 
plink. The popula�on structure was examined through 
PCA/DAPC and ADMIXTURE. PCA was performed using 
plink, while DAPC u�lized the R package adegenet v. 
2.1.10 (Jombart, 2008). The program ADMIXTURE (Al-
exander et al., 2009) was used to infer clusters and the 
gene�c iden�ty of each sample. The op�mal K value 
(range: 1–12) was determined and evaluated via cross 
valida�on. All figures were visualized in R using ggplot2 v. 
3.5.1 (Wickham, 2016).

SNP PANEL DESIGN AND TESTING

The most informa�ve SNPs from the full SNP set were 
selected using two approaches: (i) For cluster assign-
ment: 96 SNPs were selected using the program TRES 
(Kavakio�s et al., 2015), based on maximized FST across 
clusters and subspecies, (ii) For kinship and duplicate 
iden�fica�on: 96 SNPs with a FST of 0 and a heterozygos-
ity close to 0.5 were selected. The selected SNP panels 
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were then dry lab tested for cluster assignment by PCA 
and ADMIXTURE and for kinship/duplicate assessment 
using the R package sequoia v. 2.11.2. Both SNP panels 
were designed and ordered with the D3 Assay Design tool 
provided by Standard BioTools and wet lab tested on the 
JUNO and EP1 system using the Integrated Preamp SNP 
Type Genotyping Kit suitable for 96 SNPs and 96 samples 
(Standard BioTools) following the manufacturer’s proto-
col. SNP panels were wet lab tested on a test set of 95 
individuals. The set was chosen to cover all clusters and 
subspecies, including ddRAD-processed samples, unana-
lysed samples, low quality samples (≤5.0 ng/μL) that 
were removed during SNP filtering, duplicates (n=5) and 
PO pairs (n=6). A�er they were run on the Fluidigm and 
EP1, SNP panels were analysed using the Fluidigm SNP 
Genotyping Analysis So�ware (Standard BioTools) and 
subsequently processed in R.

RESULTS OF SNP POPULATION GENETICS AND 
SNP PANEL DESIGN

A�er filtering, 12,131 unlinked and Hardy-Weinberg 

Equilibrium (HWE)-compliant SNPs and 297 individuals 
were retained from the ini�al 1,656,931 SNPs for cluster 
assignment. Kinship and duplicate analysis using sequoia 
iden�fied 49 duplicates which were removed. Addi�on-
ally, 11 PO pairs, sampled on the same day and loca�on, 
were excluded to ensure the random sampling criteria. 
PCA revealed three main clusters corresponding to the 
ocean basins, supported by ADMIXTURE which suggested 
a cross-validated K of 3 (Figure 2). Based on these results, 
a popula�on/cluster SNP panel was designed with 48 
SNPs to maximize difference between clusters (FST: 0.31–
0.43) and 48 SNPs to differen�ate between subspecies 
(FST: 0.39–0.46). For iden�fying duplicates and assessing 
kinship status, 96 SNPs with heterozygosity in a range of 
0.50–0.54 and an FST of 0 were selected to ensure that 
SNPs are present in all clusters.

Wet lab SNP panel valida�on, based on the 95 indi-
vidual test set, was run successfully at the ICR, Taiji Office, 
with an average processing �me of 4.5 hours per SNP 
panel. Wet lab valida�on revealed that from the 96 se-
lected SNPs in the cluster panel, 90 were amplified with a 

Figure 2.　Clustering methods of analysed SNPs. A) PCA clustering based on 237 individuals and 12,131 SNPs. Colour 
code is assigned based on highest ADMIXTURE assignment probability to respec�ve cluster (i.e., Cluster 
1—green, Cluster 2—dark grey, Cluster 3—dark orange. B) PCA based on 96 most informa�ve SNPs of 
the popula�on in the SNP panel dry lab tested on 237 individuals. Colours represent subpopula�ons/
regions. C) PCA based on 96 SNPs of the popula�on in the SNP panel and the test set of 95 individuals run 
on the Fluidigm. D) DAPC conducted to increase gene�c distance between clusters and subpopula�ons/
regions. IO=Indian Ocean; SO=Southern Ocean; WNP=Western North Pacific; ENP=Eastern North Pacific; 
ESP=Eastern South Pacific.
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call rate of ≥85% in 93 individuals. For the kinship panel 
88 of the 96 selected SNPs were amplified with a call rate 
of ≥85% in 93 individuals. The inclusion of low quality 
samples (≤5.0 ng/µL) and samples which were originally 
excluded during SNP filtering, resulted in successful am-
plifica�on in both SNP panels. Cluster assignment of the 
test set was consistent with previous results based on 
237 individuals. Although gene�c distance appeared re-
duced, this could be improved using a DAPC as shown in 
Figure 2. Kinship analysis and duplicate assignment were 
conducted and showed a consistency in the iden�fica�on 
of all five duplicates which were included. On the other 
hand, the power to detect PO pairs decreased, as none of 
the six pairs were detected. Two PO pairs were misclassi-
fied as duplicates, likely due to missing data.

DISCUSSION AND FUTURE WORK

The pipeline established and introduced in this work 
opens a new chapter for the ICR, facilita�ng the transi�on 
to the era of high throughput analysis. This advancement 
will foster the applica�on of the Fluidigm system in the 
future for popula�on/cluster assignment, kinship analysis 
and duplicate detec�on. The aim of this study was to 
design a pipeline in a way that it can be readily modi-
fied depending on the cetacean species of interest. The 
established pipeline includes (i) the iden�fica�on of SNPs 
from ddRAD data but also is adjustable for GRAS-DI data, 
including SNP filtering which can be adjusted according 
to data availability and quality, (ii) popula�on gene�cs 
and kinship/duplicate analysis based on SNPs, (iii) SNP 

Figure 3.　Developed SNP Panel pipeline at the ICR. Pipeline consists of (i) SNP iden�fica�on based on ddRAD data 
including a modified filtering scheme described by O’Leary et al. (2018), (ii) subsequent SNP analysis to 
iden�fy gene�c clusters, kinship and duplicates and (iii) SNP panel design pipeline that includes the steps 
to design a SNP panel for cluster assignment, duplicate iden�fica�on and kinship assessment as well as dry 
and wet lab tes�ng procedures.
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selec�on and SNP panel design (i.e., FST outlier, FST max or 
heterozygosity) and the establishment of SNP panel wet 
lab tes�ng at the ICR’s Taiji Office (Figure 3).

The results based on the test set of 95 blue whale sam-
ples have shown that the designed SNP panels work for 
low quality samples, which were originally excluded in the 
SNP filtering process. This makes the SNP panels par�cu-
larly valuable for stranding samples, which o�en have a 
higher level of DNA degrada�on (Autenrieth et al., 2024), 
and for non-invasive collected samples such as feces 
(Thaden et al., 2020; Thavornkanlapachai et al., 2024). 
Even though most of the SNPs were amplified success-
fully, some currently unamplified SNPs (six SNPs in cluster 
SNP panel and eight in the kinship SNP panel) should 
be subs�tuted in the future to enhance the informa�on 
provided by each SNP panel. This is par�cularly important 
for the kinship SNP panel, as it may enhance the power 
of PO pair assignments, which was reduced compared to 
the full 12,131 SNP set, likely due to missing data. A more 
stringent applica�on of loci exclusion in the analysis may 
lead to more precise predic�ons of PO pairs.

While this study has demonstrated that SNPs can 
be used to assign specimens to clusters and to assess 
duplicates and poten�ally kinship status, the poten�al 
use of SNP panels are not limited to these applica�ons. 
Other studies have successfully used SNP panels to as-
sign species (Ciezarek et al., 2022), hybrid status (Thaden 
et al., 2020; Jarausch et al., 2023), and even sex (Talen� 
et al., 2018) to screened individuals. With the newly es-
tablished pipeline and the workshops held recently in 
Taiji on this topic, such applica�ons can now be explored 
at the ICR.
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ABSTRACT
The results of the sigh�ng survey of the Japanese Abundance and Stock structure Surveys in the Antarc�c 
(JASS-A) in the 2023/24 austral summer season are reported. Two dedicated sigh�ng vessels were engaged in 
the line transect method survey in a part of Antarc�c Area IV (70°E–100°E) for 36 days, from 7 January to 11 
February 2024. For the survey, the research area was divided into northern and southern strata and Prydz Bay. 
In addi�on, surveys were conducted in the coastal ice-free waters in the Davis Sea. The total searching distance 
in the research area was 3,278.3 n.miles (6,071.4 km). Four baleen whale species and at least two toothed 
whale species were sighted in the research area. Other research ac�vi�es such as biopsy sampling, photo-ID, 
satellite tagging, and oceanographic observa�ons were also conducted. The data and samples collected are 
required for the main and secondary research objec�ves of JASS-A program.

INTRODUCTION

Long-term systema�c surveys on whales and the eco-
system in the Antarc�c, such as the JARPA/JARPAII1, 
NEWREP-A2 and IWC IDCR/SOWER3, obtained important 
data pertaining to the study of abundance and abun-
dance trends of large whales and their biology as well 
as the role of whales in the Antarc�c ecosystem. All 
these research programs have been terminated. The last 
NEWREP-A survey was carried out in the 2018/19 austral 
summer season.

The Japanese Abundance and Stock structure Surveys 
in the Antarc�c (JASS-A) commenced in the 2019/20 aus-
tral summer season because it was considered important 

to con�nue with the whale and ecosystem surveys in 
the Indo-Pacific region of the Antarc�c Ocean through 
dedicated sigh�ng surveys and other non-lethal research 
techniques. JASS-A has two main research objec�ves, 
i) the study of the abundance and abundance trends of 
large whale species, and ii) the study of the distribu�on, 
movement and stock structure of large whale species. 
JASS-A also has several secondary research objec�ves 
related to oceanography, marine debris, gene�c data to 
es�mate abundance, whale biology and study on the 
u�lity of Unmanned Aerial Vehicle (UAV). The JASS-A 
program was presented to the 2019 mee�ng of IWC SC4 
(GOJ, 2019a), the 2019 mee�ng of CCAMLR-EMM5 (GOJ, 
2019b) and the 2019 mee�ng of NAMMCO SC6 (GOJ, 
2019c).

The approach of JASS-A is systema�c vessel-based 
sigh�ng surveys u�lizing the line transect method. Sur-
veys are designed and conducted following the protocols 
included in the ‘Requirements and Guidelines for Con-
duc�ng Surveys and Analysing Data within the Revised 
Management Scheme’ (IWC, 2012). Sigh�ng protocols 
are the same as those used in the former IDCR/SOWER 
surveys (Matsuoka et al., 2003; IWC, 2008). The JASS-A 
surveys are conducted alterna�vely in IWC Management 

 

1 Japanese Whale Research Programs under Special Permit in 
the Antarc�c, Phases I and II

2 New Scien�fic Whale Research Program in the Antarc�c Ocean
3 Interna�onal Decade for Cetacean Research/Southern Ocean 

Whale and Ecosystem Research
4  Interna�onal Whaling Commission-Scien�fic Commi�ee
5 Commission for the Conserva�on of Antarc�c Marine Living 

Resources-Working Group on Ecosystem Monitoring and 
Management

6 North Atlan�c Marine Mammal Commission-Scien�fic Com-
mi�ee
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Areas III, IV, V and VI by one or two specialized vessels, 
over a tenta�ve period of eight austral summer seasons.

The first to fourth JASS-A surveys were carried out 
in the 2019/20, 2020/21, 2021/22 and 2022/23 austral 
summer seasons, respec�vely, and covered the sector 
000°–035°E of Antarc�c Area III West and 145°W–120°W 
of Antarc�c Area VI East.

The fi�h JASS-A survey was carried out in the 2023/24 
season and covered the sector 70°E–100°E of Antarc�c 
Area IV. This paper presents a summary of the 2023/24 
JASS-A survey results.

SURVEY DESIGN

Research area
The research area of JASS-A is comprised of IWC Man-
agement Areas III, IV, V and VI, south of 60°S (Figure 1). 
The research area in the 2023/24 season was a part of 
Antarc�c Area IV (70°E–100°E), 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 (Fig-
ure 2). In addi�on, an area in the coastal ice-free waters 
south of 65°30ʹS, which was formed at the Davis Sea, an 
area of the sea along the coast between the West Ice 
Shelf and the Shackleton Ice Shelf (89°E–95°E). A polynya 
was formed in mid-January, which could be surveyed only 
in late in January when ice-free waters were formed. De-
tails of the ice configura�on are shown in Figure 3.

Research vessel
The dedicated sigh�ng vessels Yushin-Maru No. 3 (YS3) and 
Yushin-Maru No. 2 (YS2) were engaged in the survey. The 
specifica�ons for both vessels are the same and are shown 
in Figure 4. Eight researchers par�cipated in the survey, five 
in YS3 and three in YS2. They had experience in conduc�ng 
line transect surveys, biopsy sampling, photo-iden�fica�on 
(photo-ID), satellite tagging and oceanographic survey 
through the previous JARPA/JARPAII, NEWREP-A, previous 
JASS-A surveys or other research programs.

Sigh�ng procedures and experiments
The procedures for sigh�ng and experiments were the 
same as in previous JASS-A surveys. See Isoda et al. 
(2024) for details of the procedures used for sigh�ng 
surveys and other research ac�vi�es such as sigh�ng dis-
tance and angle experiment, photo-ID, biopsy sampling, 
satellite tagging, oceanographic survey, marine debris 
observa�on, and survey using UAV.

RESULTS OF THE SURVEY

Narra�ve of the survey
Table 1 shows the i�nerary of the survey. The dura�on of 
this cruise was 99 days. The YS3 and YS2 departed Japan 
on 8 December 2023. They arrived at the home port on 
20 December. The YS3 and YS2 started the sigh�ng survey 
in Antarc�c Area IV at 62°57ʹS; 99°55ʹE on 7 January, and 
at 62°03ʹS; 100°00ʹE on 7 January 2024, respec�vely. The 
YS3 and YS2 completed the surveys at posi�on 60°06ʹN; 
84°45ʹE on 11 February and 62°40ʹS; 95°36ʹE on 11 Feb-
ruary, respec�vely. The YS3 and YS2 arrived at the home 
port on 29 February, and finally in Japan on 15 March.

Figure 1.　Research area of JASS-A. The shaded area (70°E–100°E) 
indicates the surveyed area in the 2023/24 austral 
summer season.

Figure 2.　Research area (70°E–100°E) indica�ng northern, 
southern strata, Prydz Bay and the coastal ice-
free waters searching efforts (blue and red lines 
for Yushin-Maru No. 3 (YS3) and Yushin-Maru  
No. 2 (YS2), respec�vely) of the JASS-A survey in the 
2023/24 austral summer season.
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Research effort in the research area
Table 2 shows a summary of the searching effort spent 
during the survey. Both vessels, YS3 and YS2 were en-
gaged in the research for 36 days. The total searching 
effort of both vessels was 3,278.3 n.miles (6,071.4 km); 
1,595.0 n.miles in NSP mode during 149 hours 24 minutes 
of research and 1,683.3 n.miles in IO mode during 155 
hours 11 minutes of research.

In the northern stratum, the total searching effort was 
1,374.2 n.miles (NSP: 680.2 n.miles; IO: 694.0 n.miles), and 

the searching effort coverage was 74%. In the southern 
stratum, the total searching effort was 927.0 n.miles (NSP: 
429.2 n.miles; IO: 497.8 n.miles), and the searching effort 
coverage was 93%. In Prydz Bay, the total searching effort 
was 682.3 n.miles (NSP: 332.5 n.miles; IO: 349.8 n.miles), 
and the searching effort coverage was 89%. In the coastal 
ice-free waters in the Davis Sea, the total searching effort 
was 294.7 n.miles (NSP: 152.9 n.miles; IO: 141.8 n.miles), 
and the searching effort coverage was 89%.

Therefore, a good distribu�on of effort within all strata 

Figure 3.　Maps of the pack-ice distribu�ons in the research area for dates 5 January (upper le�), 15 January 
(lower le�), 25 January (upper right) and 1 February (lower right) 2024, constructed by Japan Aerospace 
Explora�on Agency (JAXA), based on observa�onal data acquired by the Advanced Microwave Scanning 
Radiometer 2 (AMSR2). Note that the ice-free waters became accessible to the vessel in late January.

Figure 4.　Specifica�ons of the dedicated sigh�ng vessel Yushin-Maru No. 3.
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and survey mode was achieved. The total experimental 
�me for photo-ID, biopsy sampling, tagging and distance 
and angle experiment was 37 hours 03 minutes.

Whale sigh�ngs in the research area
Four baleen whale species and at least two toothed 
whale species were iden�fied in the research area. The 
dominant whale species sighted in the research area was 
the humpback whale (874 schools/1,706 individuals) fol-

lowed by the fin whale (200/467). Sigh�ngs of other spe-
cies were as follows; Antarc�c minke (111/178), sperm 
(42/43), killer (19/263, including Type A, Type B, Type C 
and undetermined type) whales, Ziphiidae (19/26) and 
Antarc�c blue whale (15/18) (Table 3).

Humpback whales
Humpback whale was distributed in all research areas 
excep�ng the south part of coastal ice-free waters in 

Table 1　
I�nerary of the 2023/24 JASS-A dedicated sigh�ng survey.

Date (y/m/d) Event

2023/11/13 Planning mee�ng held at Tokyo, Japan
2023/12/7 Pre-cruise mee�ng held at Shiogama, Japan
2023/12/8 YS3 and YS2 departed Shiogama, Japan
2023/12/10 YS3 and YS2 started transit surveys at 29°29ʹN; 139°23ʹE and at 29°15ʹN; 139°35ʹE, respec�vely
2023/12/20 YS3 and YS2 arrived in the home port (Surabaya, Indonesia)
2024/1/6 YS3 and YS2 finished transit surveys at 62°55ʹS; 99°49ʹE and at 61°00ʹN; 99°35ʹE, respec�vely
2024/1/7 YS3 and YS2 started surveys in the research area at 62°57ʹS; 99°55ʹE and at 62°03ʹS; 100°00ʹE, respec�vely
2024/2/11 YS3 and YS2 completed surveys in the research area at 60°06ʹS; 84°45ʹE and at 62°40ʹS; 95°36ʹE, respec�vely and 

started transit surveys
2024/2/29 YS3 and YS2 arrived in the home port (Dili, East Timor)
2024/3/12 YS3 and YS2 finished transit surveys at 30°48ʹN; 131°48ʹE and at 32°13ʹN; 139°36ʹE, respec�vely
2024/3/15 YS3 and YS2 arrived in Japan and post cruise mee�ng at Setoda and Shiogama, Japan, respec�vely.

Figure 4a.　Geographical distribu�on of primary sigh�ngs of humpback and fin whales during the 2023/24 JASS-A 
survey.

Figure 4b.　Geographical distribu�on of primary sigh�ngs of Antarc�c minke and Antarc�c blue whales during the 
2023/24 JASS-A survey.
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Table 2　
Summary of searching effort and �me spent by YS3 and YS2 during the 2023/24 JASS-A survey.

Vessel: YS3 Date and �me Searching effort (distance [n.miles]  
and �me [hours: minutes: seconds]) Experiments �me

Survey Sec�ons Start End NSP IO Photo-ID, Biopsy,  
Satellite tag experiment

Es�mated angle and  
distance training/experiment

Transit survey (Japan–Entering foreign 
countries EEZ)

2023/12/10 2023/12/14
334.7 28:59:41 — — 0:00:00 0:00:007:25 16:48

Transit survey (Leaving foreign countries 
EEZ–Research area)

2023/12/26 2024/1/6
820.8 71:14:03 — — 3:17:13 0:00:006:05 18:00

Research area (Area IV 70°E–100°E) 2024/1/7 2024/1/16
195.2 18:11:38 220.1 20:11:36 2:54:46 2:11:546:00 8:43

Coastal ice-free waters in the Davis Sea 2024/1/16 2024/1/16
38.3 3:27:56 28.9 2:56:56 0:00:00 0:00:009:15 17:38

Transit in the research area 2024/1/16 2024/1/19
— — — — 0:00:00 0:00:0017:39 18:00

Research area (Area IV 70°E–100°E) 2024/1/20 2024/1/24
117.2 11:34:45 206.1 19:48:56 1:49:16 0:00:006:00 14:44

Transit in the research area 2024/1/24 2024/1/27
— — — — 0:00:00 0:00:0014:45 9:36

Prydz Bay 2024/1/27 2024/2/4
332.6 31:02:48 349.7 31:17:26 5:20:34 0:00:009:37 15:03

Transit in the research area 2024/2/4 2024/2/5
— — — — 0:00:00 0:00:0015:04 7:18

Research area (Area IV 70°E–100°E) 2024/2/5 2024/2/11
158.6 14:36:48 178.8 16:16:42 6:23:52 4:26:287:19 11:59

Transit survey (Research area–Entering 
foreign countries EEZ)

2024/2/11 2024/2/26
918.1 82:46:56 — — 0:00:00 0:00:0012:00 12:43

Transit survey (Leaving foreign countries 
EEZ–Japan)

2024/3/8 2024/3/12
214.6 18:26:34 — — 0:00:00 0:00:007:40 17:15

Total 3,130.0 280:21:09 983.5 90:31:36 19:45:41 6:38:22

Vessel: YS2 Date and �me Searching effort (distance [n.miles]  
and �me [hours: minutes: seconds]) Experiments �me

Survey Sec�ons Start End NSP IO Photo-ID, Biopsy,  
Satellite tag experiment

Es�mated angle and  
distance training/experiment

Transit survey (Japan–Entering foreign 
countries EEZ)

2023/12/10 2023/12/14
289.1 24:40:52 — — 0:00:00 0:00:007:25 17:00

Transit survey (Leaving foreign countries 
EEZ–Research area)

2023/12/26 2024/1/6
884.1 77:07:07 — — 0:53:23 0:00:006:05 18:00

Research area (Area IV 70°E–100°E) 2024/1/7 2024/1/29
504.6 47:17:58 457.0 42:17:05 8:20:07 2:29:156:00 14:17

Transit in the research area 2024/1/29 2024/1/30
— — — — 1:14:33 0:00:0014:18 17:24

Research area (Area IV 70°E–100°E) 2024/1/30 2024/2/2
134.0 12:06:43 129.7 11:52:09 1:53:08 0:00:0017:25 16:33

Transit in the research area 2024/2/2 2024/2/5
— — — — 0:00:00 0:00:0016:34 7:29

Coastal ice-free waters in the Davis Sea 2024/2/5 2024/2/11
114.5 11:05:39 113.0 10:31:00 0:00:00 0:00:007:30 11:59

Transit survey (Research Area–Entering 
foreign countries EEZ)

2024/2/11 2024/2/25
781.4 67:53:24 — — 0:00:00 4:35:5212:00 14:45

Transit survey (Leaving foreign countries 
EEZ–Japan)

2024/3/7 2024/3/12
225.2 18:37:47 — — 0:00:00 0:00:008:11 16:45

Total 2,932.9 258:49:30 699.7 64:40:14 12:21:11 7:05:07



20

Technical Reports of the Ins�tute of Cetacean Research (2024)

the Davis Sea (Figure 4a). According to previous surveys 
(Kasamatsu et al., 1989; Ensor et al., 1999; Matsuoka 
et al., 2015), humpback whales were mainly distributed 
in the northern stratum in late 1990’s and were distrib-
uted in the en�re research area a�er 2010’s, especially 
in the southern stratum and Prydz Bay. In Areas IV, both 
es�mates of annual rate of increase of humpback whales, 
13.6% (95% CI= 8.4–18.7%), and es�mates of abundance 
for humpback whales may suggest that are close to 
the carrying capacity of the popula�on (Hakamada and 
Matsuoka, 2014). The study of spa�al distribu�on in this 
area suggested humpback whales expanded their habitat 
closer to the shelf break (800 m isobath), where Antarc�c 
minke whales are mainly distributed, as their abundance 
rebounded and humpback whales were rarely distributed 
on the shelf (Murase et al., 2014). Our results indicate 
that the habitat of humpback whales extended further 
south of this area, encompassing Prydz Bay.

Fin whales
Fin whale was mainly distributed in the northern and 
southern strata (Figure 4a). The compared density be-
tween previous surveys (Kasamatsu et al., 1989; Ensor 
et al., 1999; Matsuoka et al., 2015) and the present 
survey showed that there was not only a clear and rapid 
increase in the northern stratum but also in the southern 

stratum and Prydz Bay in later seasons. The increase in 
the density of this species in the survey area is thought 
to reflect its popula�on recovery, as it has recently ex-
panded its distribu�on area to the whole research area.

Antarctic minke whales
Antarc�c minke whale was mainly distributed in the 
southern part of the research area (Figure 4b) with higher 
concentra�ons observed in the southernmost part of 
coastal ice-free waters in the Davis Sea. In par�cular, the 
high-density distribu�on observed in the coastal ice-free 
waters in the Davis Sea could be indica�ve that remark-
able changes in the main distribu�on have occurred. It 
is thought that is caused by the geographical expansion 
of fin and humpback whales as men�oned above, which 
was confirmed in this survey. This result is similar with the 
interpreta�on of Fujise and Pastene (2021) that a large 
propor�on of Antarc�c minke whale popula�on could 
have been moving into in polynias within sea ice fields in 
recent years, reflec�ng perhaps a response of this spe-
cies to the geographical expansion of humpback and fin 
whales to the south.

The spa�al distribu�ons of Antarc�c minke, humpback 
and fin whales in this survey showed remarkable changes 
regarding previous surveys. The current hypothesis of 
cascading distribu�on effects borrows from the inter-

Table 3　
Number of sigh�ngs made during the 2023/24 JASS-A survey in the research area, by stratum and species.

Species

Area IV (70°E–100°E)

Sub-total
TotalSouthern stratum Northern stratum Prydz Bay

Costal ice-free waters  
in the Davis Sea

Prim. Second. 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. Sch. Ind. Sch. Ind.

Antarc�c blue whale 3 4 0 0 11 13 0 0 1 1 0 0 0 0 0 0 15 18 0 0 15 18

Fin whale 58 127 0 0 129 314 6 10 7 16 0 0 0 0 0 0 194 457 6 10 200 467

Like fin whale 5 11 0 0 2 2 0 0 0 0 0 0 0 0 0 0 7 13 0 0 7 13

Antarc�c minke whale 21 28 0 0 14 20 3 3 26 43 1 1 44 81 2 2 105 172 6 6 111 178

Like Antarc�c minke whlae 2 2 0 0 0 0 0 0 2 2 1 1 0 0 1 1 4 4 2 2 6 6

Humpback whale 385 740 8 9 363 721 20 35 89 188 3 5 6 8 0 0 843 1,657 31 49 874 1,706

Like humpback whale 6 7 0 0 13 18 0 0 1 1 0 0 1 1 0 0 21 27 0 0 21 27

Baleen whales 3 3 1 1 9 9 1 2 0 0 0 0 0 0 0 0 12 12 2 3 14 15

Sperm whale 22 23 1 1 6 6 0 0 5 5 1 1 7 7 0 0 40 41 2 2 42 43

Southern bo�lenose whale 8 18 1 1 2 3 1 2 0 0 0 0 0 0 0 0 10 21 2 3 12 24

Mesoplodon 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 1 3

Killer whale (Undetermined) 3 50 1 5 2 21 0 0 1 2 0 0 5 56 0 0 11 129 1 5 12 134

Killer whale (Type A) 1 17 0 0 0 0 0 0 2 11 0 0 0 0 0 0 3 28 0 0 3 28

Killer whale (Type B) 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 1 4

Killer whale (Type C) 0 0 0 0 0 0 0 0 3 97 0 0 0 0 0 0 3 97 0 0 3 97

Ziphiidae 6 10 0 0 11 14 1 1 0 0 0 0 1 1 0 0 18 25 1 1 19 26

Uniden�fied whales 5 5 0 0 11 14 0 0 2 3 0 0 3 3 0 0 21 25 0 0 21 25

Prim.: primary sigh�ng, Second.: secondary sigh�ng, Sch.: schools, Ind.: indivisuals
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ference predic�on of compe��on among these whale 
species. In this way humpback whales may be expand-
ing their range southward due to the recovery of the 
fin whale popula�on, and the expansion of fin whales’ 
distribu�on range, as well as reaching their own carry-
ing capacity, may lead to further localiza�on of Antarc�c 
minke whales’ distribu�on range.

Antarctic blue whales
Antarc�c blue whale was sighted in the northern, south-
ern stratum and Prydz Bay (Figure 4b), however it was 
mainly distributed in the northern stratum. The density 
of the present survey was higher than the density of pre-
vious surveys, sugges�ng that the Antarc�c blue whale 
popula�on recovery has con�nued in recent years.

Duplicate sightings
Duplicates sigh�ngs were those sigh�ngs made concur-
rently by both the IOP and TOP barrel observers during 
the IO mode survey. These data will be used to es�mate 
g(0), which in turn will be used to adjust es�mates of 
abundance. There was a total of 148 duplicates involving 
several whale species.

Other research ac�vi�es
Table 4 shows a summary of results of different experi-
ments.

Sighting distance and angle experiment
The sigh�ng distance and angle experiment was conduct-
ed in order to evaluate the accuracy of sigh�ng distance 
and angle provided by primary observers. The results of 
this experiment will be used for the calcula�on of abun-
dance es�mates. The actual experiments were success-
fully completed on 6 February for 128 trials in YS3, and on 
17 February for 144 trials in YS2.

Photo-ID
Photo-ID data is used for individual matching exercise to 
inves�gate distribu�on and movement of large whales. A 
total of 16 Antarc�c blue, 94 humpback, 5 southern right 
and 84 killer whales were successfully photo-iden�fied 
during the en�re survey. These data will be registered 
into the Ins�tute of Cetacean Research (ICR) database 
(see Matsuoka and Pastene, 2014).

Biopsy sampling for whales
Biopsy samples are used for gene�c studies on stock 
structure of large whales and for other feasibility studies 
related to the specific objec�ves of the JASS-A. For the 

en�re survey, a total of 54 biopsy samples were collected 
from 8 Antarc�c blue, 9 fin, 3 Antarc�c minke, 24 hump-
back, 3 sei, 4 southern right and 3 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, distri-
bu�on and stock structure of whales. The satellite-moni-
tored tags (SPOT and SPLASH-types, Wildlife Computers, 
Redmond, Washington, USA) were deployed with the 
Air Rocket Transmi�er System (ARTS) (LK-ARTS, Skutvik, 
Norway). The detail of deployment system, protocols and 
research results to date were described in Konishi et al. 
(2020). During the whole survey, 6 fin, 2 Antarc�c minke 
and 3 humpback whales were tagged.

Oceanographic survey
Oceanographic observa�ons are important to understand 
the rela�onship of whales and the physical environment. 
The ver�cal distribu�on of water temperature and salinity 
were recorded from sea surface to 1,850 m water depth 
using XCTD system (eXpendable Conduc�vity, Tempera-
ture and Depth profiler, Tsurumi-Seiki Co., Ltd., Yokohama, 
Japan; probe type: XCTD-4N) with Digital Converter MK-
150N (YS3) and MK-150P (YS2) at 148 sta�ons (Figure 5).

Marine debris observation
Studies on marine debris in the Antarc�c are very scarce. 
It is important to con�nue with this kind of survey in order 
to monitor future trends in the occurrence of marine de-
bris. One fishing buoy was observed in the research area. 
These data will be registered into the ICR database and 
reported in the future (e.g. Isoda et al., 2021).

Feasibility study on the utility of UAV
The VTOL-UAV ASUKA conducted a successful autonomous 
flight of a total distance of 297.5 n.miles (551 km) and col-
lected aerial images related to whale sigh�ng surveys and 
basic data on improving UAV ASUKA’s performance for 
long-distance autonomous flights in the polar region.

Sigh�ng survey in low-middle la�tude area
Sigh�ng surveys in low-mid la�tude areas have the poten-
�al to collect data on seasonal movement and possible 
breeding grounds of whale species. JASS-A has been col-
lec�ng informa�on on cetaceans by conduc�ng sigh�ng 
surveys in the low-middle la�tude area using the oppor-
tunity of a round-trip cruise to the Antarc�c, excluding 
waters of foreign countries EEZs.
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In transit from homeport in Japan to boundary of the 
foreign countries EEZ, sigh�ng survey was conducted 
by both vessels from 10 to 14 December (Table 2). The 
total searching effort of both vessels was 623.8 n.miles 
(Table 2) and sperm whale (16/31) were sighted.

In transit from the boundary of the foreign countries 
EEZ to the star�ng posi�on in the Antarc�c research area, 
sigh�ng survey was conducted by both vessels from 26 
December to 6 January (Table 2). The total searching ef-
fort of both vessels was 1,704.9 n.miles (Table 2). Total 
sigh�ngs included blue (1/1), fin (1/1), Antarc�c minke 
(1/1), humpback (2/3), southern right (4/5), sei (14/24), 
sperm (1/1), Ziphiidae (2/6) and Mesoplodon (2/9) 
whales. Biopsy sample was collected from 4 southern 
right and 3 sei whales.

In transit from the ending posi�on in the Antarc�c 
research area to the boundary of the foreign countries 
EEZ, sigh�ng survey was conducted by YS3 from 11 to 26 
February and YS2 from 11 to 25 February (Table 2). The 
searching effort was 1,699.5 n.miles (Table 2) and the 
total sigh�ngs included fin (1/1), sperm (14/24), killer 
(3/10), Ziphiidae (4/8) and Mesoplodon (6/16) whales.

In transit from the foreign countries EEZ to homeport 

in Japan, sigh�ng survey was conducted by YS3 from 8 
to 12 March and YS2 from 7 to 12 March (Table 2). The 
total searching effort of both vessels was 439.8 n.miles 
and the total sigh�ngs included Bryde’s (2/2) and killer 
(1/3) whales.

A total of experimental �me in transit survey for photo-
ID, biopsy sampling, satellite tagging and es�mated angle 
and distance experiment was 8 hour 46 minutes (Table 2).

HIGHLIGHTS OF THE SURVEY

The 2023/24 JASS-A survey covered a por�on of Area 
IV (70°E–100°E) and was successful in collec�ng sight-
ing data required for cetacean abundance es�ma�on 
of in this area. The survey conducted in Prydz Bay and 
the coastal ice-free waters in the Davis Sea, in addi�on 
to the northern and southern strata, was of par�cular 
importance in understanding the current distribu�on of 
large baleen whales. Several other data necessary for 
understanding stock structure, movement and the en-
vironment of whales were collected during the survey. 
The data collected through the JASS-A will be analysed 
in conjunc�on 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, enabling a thorough and unique 
understanding of long-term popula�on dynamics.

ACKNOWLEDGEMENTS

We thank the captains, crew members and researchers 
who par�cipated in the 2023/24 JASS-A survey for their 
effort in the collec�on of data and samples. We also thank 
the Fisheries Agency of Japan for the funding and logis�c 
support for the JASS-A program. We appreciate Y. Fujise, T. 
Tamura (ICR), H. Murase (Tokyo University of Marine Sci-
ence and Technology), T. Hakamada, M. Taguchi, T. Katsu-
mata (ICR) and the steering group of JASS-A for their guid-
ance in the design and implementa�on of the research, 

Table 4　
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Appendix 1.

Photographs from the 2023/24 JASS-A survey in Antarc�c Area IV

Photo 1.　Antarc�c blue whale. Photo 2.　 Antarc�c blue whale mother and calf (calf on far 
side).

Photo 3.　Fin whale blow. Photo 4.　Antarc�c minke whales.

Photo 5.　Breaching humpback whale. Photo 6.　Diving humpback whale.
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Photo 8.　Killer whales (type A).Photo 7.　 Southern right whale sighted during the low-middle 
la�tude area survey.

Photo 9.　VTOL-UAV ASUKA taking off from onboard. Photo 10.　 Photo shoo�ng humpback whales for individual 
iden�fica�on.

Photo 11.　Sigh�ng survey in the iceberg belt. Photo 12.　Biopsy specimen of a humpback whale.
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ABSTRACT
This paper presents the results of vessel-based sigh�ng surveys conducted in 2023 by the Ins�tute of Cetacean 
Research in the North Pacific. The research area was set between 20°N–50°N and 140°E–160°W. The surveys 
were conducted between 6 April and 6 November involving three seasons: spring, summer and autumn. The 
spring and summer surveys were conducted to examine the distribu�on and abundance of whales. Part of 
spring and autumn surveys were conducted to inves�gate the migra�on of whales using satellite tags. The 
research vessels Yushin-Maru, Yushin-Maru No.2 and Kaiyo-Maru No.7 were engaged in the surveys. A total 
of 10,778.7 n.miles were searched in the research area. Coverage of the searching efforts on the planned 
cruise track line was 81.3%. In total, eight large whale species, including blue (30 schools/34 individuals), fin 
(268/450), sei (160/243), Bryde’s (75/84), common minke (72/84), humpback (55/77), North Pacific right (1/1) 
and sperm (78/172) whales were sighted during the whole research. Photo-ID images were collected from 
blue (n=28), humpback (n=18), North Pacific right (n=1) and killer (n=66) whales. Biopsy skin samples using a 
Larsen system were collected from blue (n=4), fin (n=27), sei (n=47), common minke (n=1) and North Pacific 
right (n=1) whales. Satellite tags were a�ached on fin (n=22) and sei (n=44) whales. Data collected during 
these surveys will be used in studies on abundance, distribu�on, movement, and stock structure of several 
whale species.

INTRODUCTION

Dedicated cetacean sigh�ng surveys in the western North 
Pacific were conducted in the late 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 Scien�fic Whale Research Program 
in the western North Pacific (NEWREP-NP) based on the 
survey procedures of the Interna�onal Whaling Commis-
sion/Southern Ocean Whale and Ecosystem Research 
(IWC/SOWER) (IWC, 2008). Based on the collected data, 
the distribu�on pa�erns of large whales such as blue, 
fin, sei, Bryde’s, common minke, humpback, North Pa-
cific right and sperm whales, and abundance es�mates of 
common minke, sei and Bryde’s whales were inves�gated 
and reported to the IWC SC (IWC, 2001; 2010; 2016; 
Hakamada et al., 2009; Murase et al., 2009; Pastene 
et al., 2009; Matsuoka et al., 2014; 2015).

The Fisheries Resources Ins�tute (FRI) has also con-
ducted dedicated sigh�ng surveys for cetaceans in the 
North Pacific since the 1980s (Buckland et al., 1992; 
Miyashita et al., 1995; Miyashita and Kato, 2004; 2005; 

Shimada, 2004; Kanaji et al., 2012). In 2019 the Govern-
ment of Japan decided to con�nue the sigh�ng surveys 
in the North Pacific (IWC, 2019) under the ra�onal that 
the collec�on of sigh�ng data to es�mate abundance 
and biopsy/photo-iden�fica�on data to examine stock 
structure have contributed in the past to the work on 
management and conserva�on of large whales by the 
IWC SC (IWC, 2016).

This paper reports the results of the Japanese dedi-
cated sigh�ng surveys conducted during 6 April and 6 
November 2023 involving three seasons: spring, summer 
and autumn.

SURVEY DESIGN

Research period and area
In 2023, the surveys were conducted in three seasons: 
spring, summer and autumn. The objec�ve of spring 
and summer surveys was the study of distribu�on and 
abundance of large whales from poorly documented sea-
sons. The surveys during part of spring and autumn were 
designed to study the movement and migra�on of fin, sei 
and common minke whales using satellite tags. Figure 1 

 



Report and highlights of the Japanese dedicated sighting surveys in the North Pacific in 2023

27

illustrates the research areas covered in each season.
In the spring (April to June), the research area was 

set up between 30°N–50°N and 140°E–170°W; in the 
summer (July to September), between 20°N–30°N and 
140°E–180°; and in the autumn (October to November), 
between 30°N–50°N and 140°E–160°W.

Research vessels
The sigh�ng surveys in 2023 were conducted by the 
research vessels Yushin-Maru (YS1), Yushin-Maru No.2 
(YS2) and Kaiyo-Maru No.7 (KY7). The vessels were 
equipped with a top barrel pla�orm (TOP), IO barrel plat-
form (IOP) and upper bridge (Figure 2).

Track line design
The pre-determined track lines in the spring and summer 
surveys are shown in Figure 1. The start points of the 
track lines were decided randomly using the ‘Distance 

program ver. 7.3’ (Thomas et al., 2010) and the number 
of the line (width in the longitude) was decided by the 
research schedule based on the IWC survey guidelines 
(IWC, 2012). The spring and autumn surveys conducted 
by YS2 did not set track lines because the objec�ve was 
not to es�mate abundance but to satellite tag of whales.

Sigh�ng procedure
The sigh�ng surveys were conducted using (1) Normal 
Passing mode (NSP), (2) Normal Closing mode (ASP) and 
(3) Passing with Independent Observer mode (IO). The 
la�er mode was conducted to es�mate whale abundance 
considering es�mated g(0). The survey modes adopted 
for each survey are shown in Table 1. The three survey 
modes followed the protocol endorsed for the SOWER 
surveys (e.g. Matsuoka et al., 2003; IWC, 2008; 2012). 
As data from summer surveys are used to es�mate the 
abundance of large whales, the IO mode was also adopt-

Figure 1.　Research areas covered by the 2023 dedicated sigh�ng surveys in each season. Upper le�: spring survey. 
Kaiyo-Maru No.7 (KY7) covered the green area, and Yushin-Maru (YS1) covered the yellow area. Upper 
right: spring survey. Yushin-Maru No.2 (YS2) covered the purple area. Lower le�: summer survey. KY7 
covered the pink area, and YS1 covered the blue area. Lower right: autumn survey. YS2 covered the orange 
area. The spring and autumn surveys conducted by YS2 did not have a pre-determined track line.
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ed for this survey, as this survey can provide important 
data to calculate g(0).

For NSP and ASP mode, there were two primary ob-
servers in the top barrel (TOP) and two in the upper 
bridge (captain and helmsman). All primary observers 
conducted searching for cetaceans by using angle board 
and scaled binoculars (7x).

For IO mode, there were two primary observers on 
the TOP and two in the independent observer pla�orm 
(IOP). These observers conducted searching for cetaceans 
by using angle board and scaled binoculars (7x). There 
was no open communica�on between the IOP and the 
TOP. The observers and researchers on the upper bridge 
communicated to the TOP (or IOP) independently, only to 
clarify informa�on and did not distract the top-men from 
their normal searching procedure. These primary observ-
ers report sigh�ng-informa�on to researchers and other 
observers on the upper bridge for data recording.

The survey effort began 60 minutes a�er sunrise and 
ended 60 minutes before sunset, with a maximum of 12 
hours per day (maximum 06:00–19:00, including 30 min-
utes for meal�me for lunch and supper, when surveying 
in IO mode) when the weather condi�ons were accept-
able for observa�ons. Detailed search condi�ons for each 
survey are shown in Table 1.

Experiments
Table 2 describes the details of the planned experiments 
for each survey. Distance and angle experiments were 
conducted in the middle of the survey period. The ex-
periment was conducted to evaluate measurement error 
and followed the protocol of the IWC/SOWER and IWC-
POWER surveys (IWC, 2012).

When large cetaceans such as blue and humpback 
whales were found, photo-id images were obtained using 
Canon EOS R6 Mark II (with 100–500 mm lens) from the 

Figure 2.　Research vessels par�cipa�ng in the 2023 dedicated sigh�ng surveys: Yushin-Maru (YS1) (upper le�), 
Yushin-Maru No.2 (YS2) (upper right) and Kaiyo-Maru No.7 (KY7) (lower le�).

Table 1　
Summary of the survey modes and searching condi�ons by each seasonal survey during the 2023 dedicated sigh�ng surveys.

Season Vessel Survey mode
Searching condi�ons

Visibility (n.miles) Wind speed (kt) Searching speed (kt)

Spring KY7, YS1 Normal Passing mode ≥2.0 17.0> 10.0

YS2 Normal Closing mode ≥2.0 17.0> 11.5
Summer KY7, YS1 Normal Passing mode

Passing with Independent Observer mode
≥2.0 21.0> 10.5

Autumn YS2 Normal Closing mode ≥2.0 21.0> 11.5
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bow or upper deck. Further, biopsy skin sampling using 
the Larsen system (Larsen, 1998) was conducted when 
blue, fin, sei and common minke whales were sighted. 
The satellite tagging experiment using the Air Rocket 
Transmi�er System (LK-ARTS) was also conducted for fin, 
sei and common minke whales.

RESULTS

Brief narra�ve of the surveys
Spring (April–June)
KY7 departed Hakodate, Hokkaido, Japan on 6 April, and 
started the survey in the research area on 8 April. KY7 
paused the survey on 2 May for a scheduled port call, 
and entered Otaru, Hokkaido, Japan, on 5 May for refuel-
ing and disembarka�on of researchers. On 8 May, KY7 
departed Otaru, and resumed the survey on 9 May. The 
survey was completed on 3 June. KY7 arrived in Kushiro, 
Hokkaido, Japan on 6 June.

YS1 and YS2 departed Shiogama, Miyagi, Japan on 7 
April and 12 April, respec�vely. YS1 started the survey in 
the research area on 9 April and completed it on 20 May. 
On 13 April, YS2 started the survey, which was completed 
on 29 May. YS1 and YS2 arrived in Shiogama on 22 May 
and 31 May, respec�vely.

Summer (July–September)
KY7 departed Kurihama, Kanagawa, Japan on 29 July and 
began the survey on 31 July. KY7 suspended the survey 
on 25 August and entered Shiogama for refueling on 1 
September. KY7 departed Shiogama on 4 September 
and resumed the survey on 9 September. KY7 completed 
the survey on 24 September and arrived in Kushiro on 5 
October.

YS1 departed Shimonoseki, Yamaguchi, Japan on 28 
July. YS1 started the survey on 31 July and paused the 
survey on 21 August for refueling and disembarka�on 

Table 3　
Summary of the survey periods and searching effort by each seasonal survey in the 2023 dedicated sigh�ng surveys.

Season Vessel Research period
Planned cruise 
track (n.miles)

Searching effort 
NSP (n.miles)

Searching effort 
IO (n.miles)

Searching effort 
Total (n.miles)

Coverage of 
effort

Spring KY7* 2023/04/08–05/02 1,019.2 820.8 — 820.8 80.5%

2023/05/09–06/03 1,019.2 794.2 — 794.2 77.9%

YS1 2023/04/09–05/20 1,648.0 1,242.2 — 1,242.2 75.4%

YS2 2023/04/13–05/29 — 1,678.9** — 1,678.9 —

Sub total — 3,686.4 4,536.1 — 4,536.1 77.5%

Summer KY7 2023/07/31–08/25 1,868.7 901.9 941.7 1,843.6 98.7%

2023/09/09–09/24 1,076.6 551.0 514.9 1,065.9 99.0%

YS1 2023/07/31–08/21 1,706.7 624.0 650.7 1,274.7 74.7%

2023/09/04–09/21 2,121.0 735.2 712.2 1,447.4 68.2%

Sub total — 6,773.0 2,812.1 2,819.5 5,631.6 83.1%

Autumn YS2 2023/10/12–11/05 — 611.0** — 611.0 —

Total — 10,459.4 7,959.2 2,819.5 10,778.7 81.3%

* The pre-determined track line was surveyed twice at different �mes. 
** Searching effort ASP (n.miles).

Table 2　
Experiments planned in each seasonal survey during the 2023 dedicated sigh�ng surveys.

Season Vessel Planned experiments

Spring KY7, YS1 Photo-ID, biopsy, satellite tagging, distance and angle experiments

YS2 Photo-ID, biopsy, satellite tagging
Summer KY7, YS1 Photo-ID, biopsy, distance and angle experiments
Autumn YS2 Photo-ID, biopsy, satellite tagging
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of researchers, and entered Sendai, Miyagi, Japan on 26 
August. YS1 restarted the survey on 4 September and 
completed it on 21 September. YS1 arrived in Shiogama 
on 2 October.

Autumn (October–November)
YS2 departed Shiogama on 12 October and began the 
survey on 12 October. The vessel completed the survey 
on 5 November and arrived in Shiogama on 6 November.

Searching effort
A summary of searching effort and coverage in each 
seasonal survey is shown in Table 3. A total of 10,778.7 n.
miles (19,962.2 km) were searched in all seasonal sur-
veys.

Sigh�ngs
Spring
Tables 4a and 4b show the total sigh�ngs for large and 
small cetacean species, respec�vely, made in the spring 
season. The sigh�ng loca�ons of each species are shown 
in Figure 3a and 3b together with sea surface tempera-
ture (SST).

Blue whale
A total of 28 schools (32 individuals two mother and calf 
pairs) were sighted in this season (Figure 3a, 3b). The 
range of SST in the sigh�ng posi�ons was 15.8°C–21.0°C 
(mean SST 17.0°C), and the mean school size was 1.14. 
The Density Index (DI: schools of primary sighted/100 n.
miles searching distance) of YS1 was 0.08. A total of 26 

Table 4a　
Total number of sigh�ngs of large whales made in the spring season 2023, by research vessel and species.

Season Species
KY7 (Apr.) KY7 (May) YS1 YS2 Total

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

Spring

Blue whale 0 0 0 0 1 1 27 31 28 32
Fin whale 62 90 152 289 4 5 15 17 233 401
Sei whale 0 0 0 0 0 0 93 155 93 155
Bryde’s whale 0 0 0 0 11 14 8 8 19 22
Common minke whale 31 41 36 38 3 3 2 2 72 84
Humpback whale 2 2 1 1 26 37 5 8 34 48
North Pacific right whale 0 0 0 0 1 1 0 0 1 1
Sperm whale 0 0 3 3 19 61 8 19 30 83

Table 4b　
Total number of sigh�ngs of small cetaceans made in the spring season 2023, by research vessel and species.

Season Species
KY7 (Apr.) KY7 (May) YS1 YS2 Total

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

Spring

Baird’s beaked whale 8 33 12 45 2 11 0 0 22 89
Bo�lenose dolphin 0 0 0 0 1 8 0 0 1 8
Striped dolphin 0 0 0 0 1 11 0 0 1 11
Common dolphin 0 0 0 0 0 0 4 104 4 104
Pacific white sided dolphin 0 0 0 0 3 40 0 0 3 40
Risso’s dolphin 0 0 0 0 7 74 3 13 10 87
Southern form short-finned pilot whale 0 0 0 0 1 2 0 0 1 2
Northern form short-finned pilot whale 0 0 0 0 1 35 0 0 1 35
Killer whale 13 51 15 135 6 17 3 11 37 214
Harbour porpoise 3 6 3 3 0 0 0 0 6 9
Truei type Dall’s porpoise 0 0 0 0 9 68 0 0 9 68
Dalli type Dall’s porpoise 0 0 2 7 1 44 0 0 3 51
Uniden�fied type Dall’s porpoise 0 0 4 10 3 20 0 0 7 30
Black type Dall’s porpoise 0 0 1 3 0 0 0 0 1 3
Ziphiidae 0 0 0 0 0 0 8 16 8 16
Mesoplodon 0 0 0 0 1 4 0 0 1 4
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individuals were photographed and four biopsy samples 
were collected.

Fin whale
This species was the most frequently sighted species 
in the spring season (233 schools and 401 individuals) 
(Figure 3a, 3b). No mother and calf pairs were sighted. 
The range of SST in the sigh�ng posi�ons was 0.6°C–
18.1°C (mean SST 6.4°C), and the mean school size was 
1.72. The DIs differed considerably between the seasonal 
surveys, 5.24 for KY7 in April, 16.1 for KY7 in May and 0.32 
for YS1. A total of 11 biopsy samples were collected and 
seven satellite tags were a�ached to seven individuals.

Sei whale
A total of 93 schools (155 individuals including 8 mother 
and calf pairs) were sighted (Figure 3a, 3b). The mean SST 
at the sigh�ng posi�on was 16.6°C (14.7°C–19.9°C). The 
mean school size was 1.67. A total of 47 biopsy samples 

were collected and satellite tag were a�ached to 44 indi-
viduals.

Bryde’s whale
A total of 19 schools (22 individuals with no mother and 
calf pair) were sighted (Figure 3a, 3b). The range of SST 
at the sigh�ng posi�ons was 10.5°C–21.0°C (mean SST 
19.3°C). Observed mean school size was 1.15. The DI was 
0.72 for YS1.

Common minke whale
A total of 72 schools (84 individuals with no mother and 
calf pair) were sighted (Figure 3a, 3b). The mean school 
size was 1.17 and the range of SST at the sigh�ng posi-
�ons was 1.9°C–16.9°C (mean SST 8.4°C). The DIs of KY7 
in April and May were 1.34 and 1.89, respec�vely. The DI 
of YS1 was 0.24. One biopsy sample was collected.

Figure 3a.　The loca�ons of large and small cetaceans sighted by YS1 and KY7 during the spring season 2023. Rolling 
32 days average sea surface temperature data from 23 April to 24 May and 1 May to 1 June 2023 obtained 
by MODIS-Aqua (Original data: Ocean color web, from h�ps://oceancolor.gsfc.nasa.gov/, accessed on 
2024-04-01), are also shown.
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Humpback whale
A total of 34 schools (48 individuals including two mother 
and calf pairs) were sighted (Figure 3a, 3b). The observed 
mean school size was 1.41. The range of SST in the sight-
ing posi�ons was 3.1°C–20.6°C (mean SST 8.4°C). The DIs 
of KY7 in April, May and YS1 were 0.12, 0.13 and 1.85, 
respec�vely. Photo-ID images were collected from nine 
individuals.

North Pacific right whale
One school (one individual) of es�mated body length 
of 13.7 m was sighted at 40°30ʹN, 141°44ʹE (Figures 3a 
and 4). The SST at the sigh�ng posi�on was 9.4°C. This 
individual was photographed, and a biopsy sample was 
obtained. As the whale was sighted secondarily, not dur-
ing a search, no DI was calculated for this species.

Sperm whale
A total of 30 schools (83 individuals) were sighted (Figure 
3a, 3b). The range of SST in the sigh�ng posi�ons was 

2.1°C–21.7°C (mean SST 9.9°C). Because the opportu-
nity to approach the schools was limited, there was li�le 
informa�on on school size, body length and calves. The 
mean school size was 2.77 when the school size was con-
firmed. The DIs were 0.38 for KY7 in May and 1.45 for YS1.

Figure 3b.　The loca�ons of large and small cetaceans sighted by YS2 during the spring season 2023. Rolling 32 days 
average sea surface temperature data from 23 April to 24 May 2023 obtained by MODIS-Aqua (Original 
data: Ocean color web, from h�ps://oceancolor.gsfc.nasa.gov/, accessed on 2024-04-01), are also shown.

Figure 4.　A North Pacific right whale sighted in the spring (16 
May) during the 2023 dedicated sigh�ng surveys.
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Small cetaceans
In the spring season, eight species of the family Delph-
inidae, five species of the family Phocoenidae and three 
species of the family Ziphiidae were sighted (Table 4b). 
The most common species sighted was the killer whale 
(37 schools/214 individuals), followed by Baird’s beaked 
whale (22/89). Killer whales and Baird’s beaked whales 
were primarily sighted north of 44°N, but were also 
sighted at 35°N, the southernmost point of the seasonal 
research area (Figures 3a, 3b).

Summer
Tables 5a and 5b show the total sigh�ngs for large and 
small cetacean species, respec�vely, made in the summer 
season. The sigh�ng loca�ons of each species are shown 
in Figure 5 together with SSTs.

Bryde’s whale
Bryde’s whales were the only baleen whales sighted in 
the summer season. A total of 32 schools (33 individuals 
with no mother and calf pair) were sighted (Figure 5). 
The observed mean school size was 1.03. The range of 
SST at the sigh�ng posi�ons was 27.4°C–30.6°C (mean 
SST 28.8°C). The DIs were 0.52 and 0.62 for KY7 and YS1, 
respec�vely.

Sperm whale
A total of 26 schools (54 individuals) were sighted 
(Figure 5). This species was not sighted east of 160°E. 
Mean school size was 2.08. The range of the SST at the 
sigh�ng posi�on was 27.5°C–31.5°C (mean SST 29.4°C). 
The DIs were 0.58 for KY7 and 0.33 for YS1.

Small cetaceans
In this season, eight species of the family Delphinidae, 
two species of the family Ziphiidae and one species of the 
family Kogiidae were sighted (Table 5b). Species of the 
family Ziphiidae were the most common species sighted 
(20 schools/44 individuals) and were mainly sighted 
north of 25°N (Figure 5). One school of killer whale was 
sighted at 28°46ʹN, 148°06ʹE.

Duplicate sigh�ngs
A total of 16 and 14 re-sigh�ngs of large whales were 
recorded in IO mode during this season in KY7 and YS1, 
respec�vely.

Autumn
Tables 6a and 6b show the total sigh�ngs for large and 
small cetacean species, made in the autumn season. The 
sigh�ng loca�ons of each species are shown in Figure 6 

Table 5a　
Total number of sigh�ngs of large whales made in the summer season 2023, by research vessel and species.

Season Species
KY7 YS1 Total

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

Summer Bryde’s whale 15 15 17 18 32 33
Sperm whale 17 40 9 14 26 54

Table 5b　
Total number of sigh�ngs of small cetaceans made in the summer season 2023, by research vessel and species.

Season Species
KY7 YS1 Total

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

Summer Bo�lenose dolphin 1 60 0 0 1 60
Spo�ed dolphin 2 50 1 45 3 95
Striped dolphin 2 88 0 0 2 88
Fraser’s dolphin 1 43 1 70 2 113
Risso’s dolphin 1 7 3 60 4 67
False killer whale 2 6 1 25 3 31
Melon-headed whale 0 0 1 540 1 540
Killer whale 1 2 0 0 1 2
Ziphiidae 8 12 3 7 11 19
Mesoplodon 9 25 0 0 9 25
Kogia 2 4 0 0 2 4
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together with SSTs.

Blue whale
Two schools (two individuals) with es�mated body 
lengths of 18.4 m and 20.1 m were sighted (Figure 6). 
The range of SST was 14.0°C–15.7°C (mean SST 14.9°C). 
Photo-ID images were collected from two individuals.

Fin whale
A total of 35 schools (49 individuals with no mother and 
calf pair) were sighted (Figure 6). This species was mainly 
sighted north of 40°N and west of 150°E. Observed mean 
school size was 1.40. The mean SST at the sigh�ng posi-
�ons was 14.2°C (9.9°C–17.9°C). A total of 16 biopsy 
samples were collected, and satellite tags were a�ached 
on 15 individuals.

Sei whale
Sei whales were the most common species sighted during 
the autumn season. A total of 67 schools (88 individuals 

with no mother and calf pair) were sighted (Figure 6). 
Mean school size was 1.31. The range of SST at the sight-
ing posi�ons was 9.9°C–18.2°C (mean SST 11.4°C). This 
species was sighted in high densi�es east of 150°E.

Bryde’s whale
A total of 24 schools (29 individuals) were sighted 
(Figure 6). A mother and calf pair was sighted at 41°50ʹN, 
143°58ʹE. This species was the only baleen whale species 
sighted south of 40°N. The range of SST at the sigh�ng 
posi�ons was 13.8°C–24.5°C (mean 16.2°C) and mean 
school size was 1.21.

Humpback whale
A total of 21 schools (29 individuals including two mother 
and calf pairs) were sighted (Figure 6). The mean SST at 
the sigh�ng posi�on was 14.3°C (11.8°C–16.3°C). The ob-
served mean school size was 1.38. Nine individuals were 
photographed.

Figure 5.　The loca�ons of large and small cetaceans sighted during the summer season 2023. Rolling 32 days average 
sea surface temperature data from 21 August to 21 September 2023 obtained by MODIS-Aqua (Original 
data: Ocean color web, from h�ps://oceancolor.gsfc.nasa.gov/, accessed 2024-04-01), are also shown.
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Sperm whale
In total, 22 schools (35 individuals) were sighted 
(Figure 6). Mean school size was 2.45. The range of SST 
was 9.6°C–17.8°C (mean SST 13.2°C).

Small cetaceans
In this season, five species of the family Delphinidae, two 
species of the family Phocoenidae and two species of the 
family Ziphiidae were sighted (Table 6b). Dall’s porpoises 
were sighted primarily in the 42°–44°N la�tudinal band.

Experiments
Sighting distance and angle experiment
In the spring, the Es�mated Angle and Distance Experi-
ment was conducted by KY7 on 29 April. It was conducted 
on 18 May by YS1. In the summer, the experiment was 
conducted on 27 August by KY7 and on 25 September by 
YS1. The results of this experiment will be used for cali-
bra�ng the sigh�ng distances and angle data used for the 
calcula�on of abundance es�mates.

Photo-ID
The number of individuals photographed by species is 
shown in Table 7. All photographs were stored in the 
Ins�tute of Cetacean Research (ICR) catalogs and will be 
used for inves�ga�ng the stock structure and movement 
of those cetacean species in the future.

Biopsy sampling
A total of 80 biopsy samples were collected during the 
2023 dedicated sigh�ng surveys. Table 8 shows the 
number of biopsy samples, by seasonal survey, research 
vessels and species. All samples were stored at the ICR 
laboratory and will be used in gene�c analyses for inves-
�ga�ng the stock structure of those species in the future.

Satellite tagging
Satellite tags were deployed in the spring and autumn 
surveys and deployment was successful in both seasons. 
The number of individuals tagged is shown in Table 9, by 
seasonal survey, research vessel and species. A total of 22 
and 44 satellite tags were deployed for fin and sei whales, 
respec�vely. All the deployments to sei whales taken 
place in the spring. These were evenly deployed among 
the sigh�ngs (Figure 7). Tracking data obtained from sat-
ellite tags will contribute to the elucida�on of the move-
ment of whales in each season and the �ming of the start 
of migra�on between high la�tude feeding areas and low 
la�tude breeding areas.

HIGHLIGHTS OF THE SURVEY

The sigh�ng surveys conducted in 2023 were completed 
successfully. They provided unique data obtained not 
only in the summer, but also in the spring and autumn 
seasons for which informa�on on cetacean distribu�on 
and abundance have been very scarce. Some main char-
acteris�cs of the surveys are summarized below.

A large number of blue and sei whales were sighted 
during the spring season. Blue whales were more densely 
distributed east of 180°, while sei whales were distrib-
uted throughout the pelagic area (outside the Japanese 
EEZ). Sei whales are known to migrate north from the 
breeding areas in January and February, reaching feed-
ing areas around 30°N by March, and reaching feeding 
areas north of 35°N by May and early June (Mizroch 
et al., 2016; Konishi et al., 2024). This species was also 
concentrated around 35°N, between April and June 2023. 
Although no direct feeding behaviour of this species was 
observed during these surveys, many patches of prey 
species such as small fish were observed at the sigh�ng 
posi�ons. These numerous sigh�ngs of sei whales and 

Table 6a　
Total number of sigh�ngs of large whales made in the autumn 

season 2023, by research vessel and species.

Season Species
YS2

Sch. Ind.

Autumn Blue whale 2 2
Fin whale 35 49
Sei whale 67 88
Bryde’s whale 24 29
Humpback whale 21 29
Sperm whale 22 35

Table 6b　
Total number of sigh�ngs of small cetaceans made in autumn 

season 2023, by research vessel and species.

Season Species
YS2

Sch. Ind.

Autumn Baird’s beaked whale 2 12
Common dolphin 4 102
Pacific white sided dolphin 2 93
Northern right whale dolphin 2 19
Risso’s dolphin 1 8
Killer whale 3 17
Truei type Dall’s porpoise 5 45
Uniden�fied type Dall’s porpoise 5 20
Ziphiidae 3 6
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observa�ons of prey species support the migra�on pat-
tern to feeding areas around 35°N during the spring sea-
son suggested by previous studies (Mizroch et al., 2016; 
Konishi et al., 2024).

In April–June, fin and common minke whales were 
distributed in high densi�es on the Japanese side of the 
Sea of Okhotsk. Compared to previous surveys conducted 
during the same seasons and in the same research area 
(Kim et al., 2023), sigh�ngs in April confirmed that fin 

whales were distributed east of 144°E, the same as in 
2022, but in May the distribu�on extended further west 
of 144°E. Common minke whales were distributed west 
of 144°E and east of the Shiretoko Peninsula, the same 
as in 2022. Based on the results of the previous surveys, 
these two species had separate distribu�ons in the Sea 
of Okhotsk during the spring feeding season from April 
to June (Kim et al., 2023), but in 2023 they were mixed 
in one area (west of 144°E). One of the reasons for the 

Figure 6.　The loca�ons of large and small cetaceans sighted during the autumn season 2023. Rolling 32-days aver-
age sea surface temperature data from 8 October to 8 November 2023 obtained by MODIS-Aqua (Original 
data: Ocean color web, from h�ps://oceancolor.gsfc.nasa.gov/, accessed on 2024-04-01), are also shown.

Table 7　
Number of individuals photographed during the 2023 dedicated sigh�ng surveys, by seasonal survey, research vessel and species.

Species
Spring Summer Autumn

Total
KY7 (Apr.) KY7 (May) YS1 YS2 KY7 YS1 YS2

Blue whale 0 0 1 25 0 0 2 28
Humpback whale 0 0 1 8 0 0 9 18
North Pacific right whale 0 0 1 0 0 0 0 1
Killer whale 3 39 13 9 2 0 0 66

Total 3 39 16 42 2 0 11 113
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westward expansion of the distribu�on of fin whales may 
be that the number of whales visi�ng this area during 
the same period has increased compared to previous 
surveys. The number of sigh�ngs of this species between 
April and June more than doubled compared to 2022 
(Kim et al., 2023). Further research is needed to deter-
mine what is driving the increase in number of whales 
visi�ng this area during the spring season.

A large number of humpback whales were sighted in 
the coastal area (within the Japanese EEZ) from April to 
June. Most of these sigh�ngs were between 39°N and 
42°N. Compared to previous surveys (Kim et al., 2023), 
large numbers of this species were sighted south of 40°N 
in 2022, while whales were sighted further north in 2023. 
This suggests that the northward migra�on of humpback 
whales started earlier in 2023 than in 2022. In the spring 
seasons, Bryde’s whales were distributed in south of the 
coastal area and west of the pelagic area, with a concen-
tra�on of sigh�ngs around 35°N and 142°E in the coastal 
area and 37°N and 156°E in the pelagic area.

The summer survey covered the North Pacific between 
20°N–30°N and 140°E–180° and provided important sum-
mer sigh�ng data for Bryde’s and sperm whales. In the 
previous survey in 2014, a total of 56 schools (72 individu-
als) including 9 mother and calf pairs of Bryde’s whales 
were sighted in this area (Matsuoka et al., 2015), while 
no mother and calf pair was sighted in 2023. The monthly 
mean SST in 2023 was lower than 30°C (Figure 5), but in 

2014, the monthly mean SST in this area was higher than 
30°C. Changes in SST in this area could be a contribut-
ing factor to changes in the distribu�on trend of Bryde’s 
whales. However, SST at the sigh�ng posi�ons aver-
aged 29.1°C (range 27.8°C–30.1°C) in 2014 (Matsuoka 
et al., 2015) and 28.8°C (range 27.4°C–30.6°C) in 2023, 
indica�ng that there was no significant difference in SST 
between the two years. The distribu�on trend of this 
species needs to be analyzed in more detail, considering 
other informa�on such as prey species. No sperm whales 
were sighted east of 160°E during this season. However, 
this species was sighted further east than 160°E during 
previous surveys in 2014 (Matsuoka et al., 2015). The 
mean SST at the sigh�ng posi�on in the previous survey 
in 2014 was 28.5°C (range 26.8°C–29.7°C) (Matsuoka 
et al., 2015), lower than in 2023.

In October–November, most of the baleen whales 
(blue, fin, Bryde’s and humpback whales) were distrib-
uted on the Japanese side of the North Pacific, par�cu-
larly off Kushiro. In contrast, sei whales were distributed 
in high densi�es further east than 150°E. These trends 
in the distribu�on of baleen whales also differed in SST. 
The mean SST at the sigh�ng posi�ons where blue, fin, 
Bryde’s and humpback whales were sighted was higher 
than 14°C, while for sei whales it was lower at 11.4°C. 
During this season, feeding behaviours such as mul�ple 
defeca�ons by fin and Bryde’s whales and a single prey 
chase by sei whales have been observed. These behav-
iours indicate that these waters are one of the whales’ 
feeding grounds for this season.

Satellite tags were deployed during the part of spring 
and autumn surveys to study the movements and migra-
�ons of fin, sei and common minke whales. In the spring 
survey, 7 and 44 satellite tags were successfully deployed 
on fin and sei whales, respec�vely. In the autumn survey, 
15 satellite tags were deployed on fin whales. Common 
minke whales were not tagged in either the spring or 
autumn surveys due to the low number of sigh�ngs. 

Table 8　
Number of biopsy samples collected during the 2023 dedicated sigh�ng surveys, by seasonal survey, research vessel and species.

Species
Spring Summer Autumn

Total
KY7 (Apr.) KY7 (May) YS1 YS2 KY7 YS1 YS2

Blue whale 0 0 0 4 0 0 0 4
Fin whale 0 0 2 9 0 0 16 27
Sei whale 0 0 0 47 0 0 0 47
Common minke whale 0 0 0 1 0 0 0 1
North Pacific right whale 0 0 1 0 0 0 0 1

Total 0 0 3 61 0 0 16 80

Table 9　
Number of individuals a�ached with satellite tags, by each 

season and research vessel in 2023.

Species
Spring Autumn

Total
YS1 YS2 YS2

Fin whale 1 6 15 22
Sei whale 0 44 0 44

Total 1 50 15 66
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Tracking data from satellite tags deployed during sigh�ng 
surveys conducted between 2017 and 2023 were used to 
study the seasonal migra�on pa�erns of sei whales be-
tween feeding and breeding areas (Konishi et al., 2024). 
These studies of the migra�on using satellite tags will 
contribute to resource management by assis�ng the in-
terpreta�on of the gene�c analyses of stock structure of 
sei and other large whales.

As in the previous surveys, the 2023 surveys collected 
data on small cetaceans in the same way as large ceta-
ceans. The analyses of these data will provide valuable 
informa�on on the distribu�on and abundance of small 
cetaceans in different seasons.
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ABSTRACT
This paper outlines the main results of the 2023 dedicated sigh�ng survey of the Interna�onal Whaling Com-
mission-Pacific Ocean Whale and Ecosystem Research (IWC-POWER). The IWC-POWER surveys are designed 
and implemented by the IWC Scien�fic Commi�ee, in special partnership with the Government of Japan. The 
surveys have been conducted since 2010 as the first phase with the long-term objec�ve: ‘provide informa-
�on to allow determina�on of the status of popula�ons (and thus stock structure is inherently important) of 
large whales that are found in the North Pacific waters and provide the necessary scien�fic background for 
appropriate conserva�on and management ac�ons’. The 2023 survey was conducted successfully between 28 
July and 5 October 2023 in the eastern North Pacific by the Japanese R/V Yushin-Maru No. 2. The following 
whale species were sighted in the survey area: blue (9 schools/9 individual), fin (70/109), sei (63/82), hump-
back (1/1), sperm (25/26) and killer (3/5) whales. North Pacific right whales (4/5) were also sighted during the 
transit from the research area to Dutch Harbor. Photo-iden�fica�on data were collected from 4 right, 7 blue, 
30 fin and 9 sei whales. A total of 19 biopsy samples were collected from 4 blue, 8 fin and 7 sei whales. A total 
of 146 sonobuoys were deployed, of which 143 were successful, for a total of over 538.28 monitoring hours. A 
total of four SPOT 177S satellite tags were deployed on four blue whales. Five SPLASH-f-333 satellite tags each 
were deployed on fin and sei whales. Two dri�ing buoy recorders (Long-term Dri�ing Buoy Recorder, LT-DBR) 
were deployed during the cruise. A seabird sigh�ng survey was conducted as a feasibility study and a total of 
115 survey blocks along tracklines up to 15 minutes long was covered with sigh�ngs of 27 species of seabirds. 
Data collected during this survey will be used mainly for abundance es�ma�on and stock structure purposes.

INTRODUCTION

The Interna�onal Whaling Commission-Pacific Ocean 
Whale and Ecosystem Research (IWC-POWER) program 
is an interna�onal research effort in the North Pacific co-
ordinated by the IWC and designed by the IWC Scien�fic 
Commi�ee (SC) in special partnership with the Govern-
ment of Japan. Scien�sts from the Ins�tute of Cetacean 
Research (ICR) and the coopera�ve ins�tutes such as 
Tokyo University of Marine Science and Technology par-
�cipate regularly in the IWC-POWER program, both in de-
signing and implemen�ng the surveys. The IWC-POWER 
surveys in the North Pacific follow the series of IWC Inter-
na�onal Decade for Cetacean Research/Southern Ocean 
Whale and Ecosystem Research (IDCR/SOWER) surveys 
that have been conducted in the Antarc�c since 1978 
(Matsuoka et al., 2003).

The long-term objec�ve of the IWC-POWER is to ‘provide 
informa�on to allow determina�on of the status of popula-
�ons (and thus stock structure is inherently important) of 
large whales that are found in the North Pacific waters and 
provide the necessary scien�fic background for appropriate 
conserva�on and management ac�ons’. The first survey of 
this program was conducted in 2010 and the most recent 
one in 2023 as Phase I (IWC, 2024a). The Phase I survey 
would be completed in 2025 and the IWC SC is preparing 
for the next phase related to medium and long-term priori-
�es, based on the results of the first phase (IWC, 2024b).

The objec�ve of this document is to present an over-
view of the 2023 IWC-POWER focusing on the results 
within the survey area. The details are provided in Mu-
rase et al. (2024). For a general background of the IWC-
POWER including objec�ves, research area and general 
methodology are described in Matsuoka (2020).
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OVERVIEW OF RESULTS OF THE 2023 IWC-
POWER SURVEY

I�nerary
The survey was conducted between 28 July and 5 Octo-
ber 2023 by the Japanese R/V Yushin-Maru No. 2. The 
i�nerary is shown in Table 1.

Research area
The research area for IWC-POWER 2023 was off the 
southern Aleu�an Islands bounded by 40°00ʹN, the US 
exclusive economic zone (EEZ) boundary to the north, 
180°00ʹ and 155°00ʹW, comprised en�rely of the high 
seas (Figure 1). As a part of the transit survey, a small-
scale opportunis�c sigh�ng survey mainly targe�ng North 
Pacific right whale was conducted south of the Alaska 
Peninsula between 155°00.0ʹW and 157°24.0ʹW (all 
within the US EEZ) from 17 to 20 September.

Research vessel and scien�fic personnel
The R/V Yushin-Maru No. 2 was used for this survey. The 
specifica�ons of the vessel are given in Table 2.

Four interna�onal researchers were nominated by the 
IWC SC for this survey:

Hiroto Murase (Japan): Cruise Leader (CL)
Jessica Crance (USA): Acous�cs and photo-ID
Bernardo Alps (USA): Photo-ID data management 

and seabird sigh�ng
Isamu Yoshimura (Japan): sigh�ng data, marine de-

bris and biopsy sample management

Searching effort
The survey was conducted using methods based on the 
guidelines of the IWC SC. Survey trackline coverage in the 
research area was 84.6% (1,476.57 n.miles of a planned 
distance of 1,745.00 n.miles), with a total of 742.29 n.
miles in Normal Passing with abeam closing mode (NSP) 
and 734.18 n.miles in Independent Observer passing 
mode (IO) (Table 3). Addi�onally, 172.80 n.miles were 
surveyed during transit between Japan to and from Dutch 
Harbor, and Dutch Harbor to and from the research area.

Summary of the sigh�ngs
During the survey in the research area, sigh�ngs of 
blue (9 schools/9 individuals), fin (70/109), sei (63/82), 
humpback (1/1), sperm (25/26) and killer (3/5) whales 
were observed (Table 4). North Pacific right whales (4/5) 
were also observed during the small-scale opportunis�c 
sigh�ng survey conducted as a part of the transit survey 
from the research area to Dutch Harbor. These data will 
be mainly used to es�mate abundance of several species.

Geographical distribu�on by species
Blue whale (Balaenoptera musculus)
Blue whales were mainly distributed in the northern part 
of the area to the west of 165°W (Figure 2). Sea surface 

Table 1　
The 2023 IWC-POWER survey i�nerary.

Date  
(ship’s �me)

Event

27-Jul-2023 Pre-cruise mee�ng held at Shiogama
28-Jul Vessel departed from Shiogama
5-Aug Vessel arrived at Dutch Harbor
7-Aug Vessel departed from Dutch Harbor
7-Aug Pre-cruise mee�ng held on YS2 off Dutch Harbor
9-Aug Vessel started the survey in the research area
13-Sep Vessel completed the survey in the research area
22-Sep Vessel arrived at Dutch Harbor
24-Sep Post-cruise mee�ng held at Dutch Harbor
25-Sep Vessel departed from Dutch Harbor
5-Oct Vessel arrived at Shiogama
6-Oct Post-cruise mee�ng held at Shiogama

Figure 1.　Research area (thin black line) and survey track lines 
(blue line) with start and end points for the 2023 
IWC-POWER survey.

Table 2　
Specifica�ons of the R/V Yushin-Maru No. 2.

Call sign JPPV
Length overall [m] 69.61
Molded breadth [m] 11.5
Gross tonnage (GT) 747
Barrel height [m] 19.5
IO barrel height [m] 13.5
Upper bridge height [m] 11.5
Bow height [m] 6.5
Engine power [PS/kW] 5,303/3,900
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temperatures of the sigh�ng posi�ons were between 
12.9 and 18.5°C.

Fin whale (Balaenoptera physalus)
Fin whales were primarily observed in the northern part 
of the research area (Figure 3). Sea temperatures ranged 
from 11.6 to 23.1°C.

Sei whale (Balaenoptera borealis)
Sei whales were mainly distributed in the northern part 
of the area (Figure 4). Sea surface temperatures ranged 
from 11.3 to 17.4°C.

Humpback whale (Megaptera novaeangliae)
One school (one individual) of humpback whale was 
observed (Figure 5). Sea temperature at the sigh�ng posi-

Table 3　
Summary of the searching effort (�me and distance) and experimental �me (hours) in the survey area of the 2023 IWC-POWER. NSP: 
Normal Passing with abeam closing mode, IO: Independent Observer mode.

Area Area  
Code

Leg  
No. Start End NSP IO NSP+IO

Photo-ID,  
Biopsy,  
TDR tag

Es�mated angle and  
distance training/ 

experiment

Start Date Date
Time

Dist.
Time

Dist.
Time

Dist.
Time Time

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

Research  
Area 

(Leg 101–132)

88
(All High 

Sea)

101 9-Aug. 13-Sep.
64:27:50 742.29 63:25:17 734.28 127:53:07 1476.57 16:29:19 10:12:30

127 6:00 13:38

Table 4　
Number of sigh�ngs for all species observed in the research area during the 2023 IWC-POWER survey (original tracklines), by effort 
mode. NSP: Normal Passing with abeam closing mode, IO: Independent Observer mode, OE: Top down (TD) and dri�ing (DR), Sch.: 
schools, Ind.: individuals. Numbers of Individuals include the number of calves.

Species
NSP IO OE Total

Sch. Ind. Calf Sch. Ind. Calf Sch. Ind. Calf Sch. Ind. Calf

Blue whale 1 1 0 8 8 0 0 0 0 9 9 0
Fin whale 28 44 3 39 57 2 3 8 0 70 109 5
Like fin whale 0 0 0 2 3 0 0 0 0 2 3 0
Sei whale 34 49 0 27 31 0 2 2 0 63 82 0
Like sei whale 1 2 0 1 1 0 0 0 0 2 3 0
Common minke whale 2 2 0 0 0 0 0 0 0 2 2 0
Humpback whale 0 0 0 1 1 0 0 0 0 1 1 0
Sperm whale 12 13 0 12 12 0 1 1 0 25 26 0
Like sperm whale 0 0 0 1 1 0 0 0 0 1 1 0
Mesoplodon 0 0 0 1 3 0 0 0 0 1 3 0
Ziphiidae 3 8 0 4 4 0 0 0 0 7 12 0
Killer whale 3 5 0 0 0 0 0 0 0 3 5 0
Risso’s dolphin 1 13 0 0 0 0 0 0 0 1 13 0
Common dolphin 3 143 13 1 66 3 0 0 0 4 209 16
Pacific white-sided dolphin 5 250 11 1 19 1 0 0 0 6 269 12
Northern right whale dolphin 2 72 4 1 13 1 0 0 0 3 85 5
Dalli type Dall’s porpoise 4 22 1 7 22 0 1 4 0 12 48 1
Unid. type Dall’s porpoise 6 24 0 2 5 0 0 0 0 8 29 0
Unid. large baleen whale 5 5 0 14 14 0 1 1 0 20 20 0
Unid. dolphin 2 35 0 1 4 0 0 0 0 3 39 0
Unid. large cetacean 2 2 0 4 4 0 0 0 0 6 6 0
Unid. small cetacean 0 0 0 2 2 0 0 0 0 2 2 0
Unid. cetacean 2 2 0 4 4 0 0 0 0 6 6 0



Results of the IWC-Pacific Ocean Whale and Ecosystem Research (IWC-POWER) dedicated sighting survey in 2023 —An overview—

43

�on was 12.9°C.

Sperm (Physeter macrocephalus)
Sperm whales were widely distributed throughout the 
research area (Figure 6). Sperm whales were recorded in 
waters with sea surface temperatures (SSTs) ranging from 
11.6 to 23.3°C.

Killer whale (Orcinus orca)
A total of 3 schools (5 individuals) were sighted (Figure 7). 
Killer whales were recorded in waters with SSTs ranging 
from 11.8 to 20.7°C.

Iden�fica�on of duplicated sigh�ngs
Resight data were recorded for a total of 117 sigh�ngs 

Figure 2.　The searching effort (black lines) and sigh�ng posi-
�ons (blue circles) of blue whales during the 2023 
IWC-POWER survey.

Figure 3.　The searching effort (black lines) and sigh�ng posi-
�ons (red circles) of fin whales during the 2023 
IWC-POWER survey.

Figure 4.　The searching effort (black lines) and sigh�ng posi-
�ons (orange circles) of sei whales during the 2023 
IWC-POWER survey.

Figure 5.　The searching effort (black lines) and the sigh�ng 
posi�on (black circle) of humpback whale during 
the 2023 IWC-POWER survey.

Figure 6.　The searching effort (black lines) and sigh�ng posi-
�ons of sperm whales (brown circles) during the 
2023 IWC-POWER survey.

Figure 7.　The searching effort (black lines) and sigh�ng posi-
�ons of killer whales (white circles) during the 2023 
IWC-POWER survey.
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during IO Mode involving several baleen whale species. 
These data will be used to es�mate g(0), which in turn 
will be used to correct abundance es�mates.

Photo-ID experiments
Photo-ID data were obtained from a total of 50 individu-
als: North Pacific right (4 individuals), blue (7), fin (30), sei 
(9) whales (Table 5). Images collected during the survey 
were uploaded to the IWC master photographic database 
in Adobe Lightroom (LR) Classic. Photo-ID data will be 
used to study movement, distribu�on and stock structure 
of the species involved.

Biopsy sampling
Biopsy samples were collected during the en�re cruise 
including transits for 19 individual whales: 4 blue, 8 fin 
and 7 sei whales (Table 6). Every biopsy sampling was 
documented photographically. All biopsy samples were 
catalogued and stored on the vessel in cryo-vials frozen 
at a temperature of −30°C. These samples will be used for 
molecular gene�cs analyses on stock iden�fica�on.

Sonobuoys
A total of 146 sonobuoys were deployed during the 
cruise. Of these, 143 transmi�ed successfully, for a total 
of over 538.28 monitoring hours. The most common 
species detected were sperm and fin whales, detected 
on 107 (74.8%) and 81 (56.6%) buoys, respec�vely. 
Killer whales were the next most common detected on 53 
buoys (37.1%), followed by blue whales (33, 23.1%), com-
mon dolphins (10, 6.9%), humpback whales (8, 5.6%), 
North Pacific right whales (7, 4.9%), Pacific white-sided 
dolphins (6, 4.2%), and sei whales (4, 2.8%).

Es�mated Angle and Distance Experiment
The Es�mated Angle and Distance Experiment was con-
ducted on 22 September for 6 hours 33 minutes whilst in 

the research area. A total of 84 trials were conducted for 
each pla�orm (TOP and IO barrels and upper bridge). The 
data will be used to calibrate observed angle and distance 
based on known angle and distance.

Marine macro debris observa�on
A total of 95 marine debris objects were observed. 56 items 
were recorded ‘on effort’ (i.e., during the first 15 minutes of 
each hour) and 39 items were recorded during ‘off effort’.

Satellite tagging studies
Two types of satellite tags were deployed during the cruise: 
SPOT 177S for monitoring the horizontal movement and 
SPLASH-f-333 for recording dive data with assump�on that 
those data could be used to es�mate availability bias (both 
types were manufactured by Wildlife Computers Inc., US). 
A total of four SPOT 177S satellite tags were deployed on 
four blue whales. Five SPLASH-f-333 satellite tags each 
were deployed on fin and sei whales.

Deployment of Long-term Dri�ing Buoy Recorder 
(LT-DBR)
Two dri�ing buoy recorders (Long-term Dri�ing Buoy 
Recorder, LT-DBR) were deployed during the cruise on 
behalf of Jay Barlow (US) to record acous�c data from 
beaked whales in the central North Pacific. LT-DBRs can 
record higher frequency sounds and remain deployed for 
considerably longer (months vs hours) than sonobuoys.

Feasibility study of seabird sigh�ng survey
A feasibility study of seabird sigh�ng survey was conduct-
ed along with cetacean sigh�ng survey. The researcher 
wrote down the summary of species and approximate 
numbers seen within 300 m from the vessel, from 0° to 
90° on the starboard side for the first 15 minutes of each 
effort hour (except during off-effort) in a similar man-
ner to marine debris. The seabird sigh�ng survey was 
conducted only in the research area. This was the first 
a�empt to conduct a seabird sigh�ng survey within the 
framework of POWER programme. A total of 115 survey 
blocks along tracklines up to 15 minutes long was covered 
with sigh�ngs of 27 species of seabirds.

HIGHLIGHTS OF THE SURVEY

It is concluded that the 2023 IWC-POWER survey was 
completed successfully by a group of interna�onal sci-
en�sts and crews (Figure 8), and that valuable data were 
collected for several cetacean species. Such data will 
allow studies on distribu�on, abundance and stock struc-
ture in this par�cular area of the North Pacific.

Table 5　
Summary of the Photo-ID’d experiments, by each species con-
ducted during the en�re 2023 IWC-POWER.

Photo-ID Right Blue Fin Sei Total

En�re 2023 IWC-POWER 4 7 30 9 50

Table 6　
Summary of the number of species-specific biopsy samples col-
lected in the 2023 IWC-POWER research area.

Biopsy samples Blue Fin Sei Total

En�re 2023 IWC-POWER 4 8 7 19
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There are three aspects of this survey that should be 
highlighted. The first aspect is a seasonal change in dis-
tribu�on of baleen whales. The research area for 2023 
cruise was surveyed in 2010 and 2011, but these surveys 
were conducted from mid-July to mid-August while the 
2023 survey was conducted from mid-August to mid-Sep-
tember. As the results, it appeared that the distribu�ons 
of baleen whales were shi�ed northward. Such a change 
will be inves�gated in a future study.

The second aspect is sigh�ngs of North Pacific right 
whales during the transit between the research area and 
Dutch Harbor. The obtained data are worthwhile examin-
ing for conserva�on and management of this endangered 
species, although the survey was opportunis�cally con-
ducted within a limited �me frame.

The third aspect is conduc�ng three new experiments 
(satellite tagging for horizontal movement study of blue 
whale, deployment of LT-DBR and a feasibility study of 
seabird sigh�ng survey) in the history of the IWC-POWER. 
They were accomplished through the coopera�on of the 
crews and researchers.
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In recent years, the use of small drones has become 
prevalent in marine mammal surveys, establishing them 
as a standard tool in the fields of morphology and animal 
behavior studies (Fiori et al., 2017). The Japanese Abun-
dance and Stock structure Surveys in the Antarc�c (JASS-
A) conducted by the Ins�tute of Cetacean Research (ICR) 
(Isoda et al., 2020) has also introduced drone technology 
for the study of large whales in the Antarc�c. This paper 
reports progress in the use of drone technology for i) the 
iden�fica�on of individual blue whales based on aerial 
photography, and ii) measurements of blue whales’ body 
length and body condi�on using photogrammetry.

In JASS-A, Phantom Pro 4 (DJI China) and Inspire 2 (DJI 
China) drones have been used primarily for photograph-
ing Antarc�c blue whales, Balaenoptera musculus inter-
media. The Drone Inspire 2 was equipped with a laser 
rangefinder SF11/C (LightWare LiDAR LLC, U.S.), which 
allowed es�ma�ng the distance to the sea surface using 
LiDAR (Light Detec�on and Ranging) technology. It also 
had a Global Posi�oning System (GPS) receiver EM506 
(Globalsat, Taiwan) and an Iner�al Measurement Unit 
(IMU) MiniIMU-9 v5 (Pololu Corpora�on, U.S.). Each data 
was recorded every second on a logger and were used for 
photogrammetry study. This al�tude measuring system 
is iden�cal to that used by Dawson et al. (2017) in their 
study on southern right whales, Eubalaena australis, in 
Auckland Islands and has proven useful in reducing ob-
serva�on error. Furthermore, it enables the a�ainment of 

accurate morphometric measurements and comparison 
with data from other individuals and popula�ons (Bierlich 
et al., 2021a).

The equipment used and the number of individuals 
photographed by year are summarized in Table 1. Figure 
1 shows photographs of the drone in flight. A more de-
tailed video of the drone flight in the Antarc�c Ocean can 
be seen at the following URL:

h�ps://www.youtube.com/watch?v=mjj-0OdolDE&t=27s

Individual iden�fica�on

Blue whales possess unique mo�led pigmenta�on, which 
allows for individual iden�fica�on from clear photo-
graphs captured from a vessel (Sears et al., 1990). The 
research vessels used in the JASS-A program are rela�vely 
large (700 GT) (Isoda et al., 2020). When the vessels ap-
proach blue whales, the whales tend to swim away at 
increased speeds. This makes it difficult to capture clear 
dorsal/lateral images, as splashing o�en obscures the 
pigmenta�on pa�erns. In contrast, drones capture clear 
images of whales swimming undisturbed. This aerial per-
spec�ve provides a unique view of the whale's dorsal/
lateral parts.

From Figure 2, examina�on of photographs of two 
individuals taken by drone Phantom Pro 4 demonstrated 
that each individual has an iden�fiable mo�ling pa�ern 
behind the blowhole. Addi�onally, large white scars, 
likely resul�ng from contact with pack ice, were also use-

 

Table 1　
Austral summer season, survey areas, type of drones used and the number of Antarc�c blue whales photographed  

during the past four JASS-A surveys.

Season Survey Area
2019/20  

Area IIIW: 000°–015°E
2020/21  

Area IIIW: 015°E–035°E
2021/22  

Area VIE: 130°W–120°W
2022/23  

Area VIE: 145°W–130°W
Total

Drone Phantom Pro 4 Phantom Pro 4
Inspire 2 with al�tude 

measuring system
Inspire 2 with al�tude 

measuring system

Number of photographed 
Antarc�c blue whales

2 10 2 7 21
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ful for iden�fying individuals. Sears et al. (1990) reported 
that such large scars remained unchanged over an eight-
year period. However, smaller scars tend to disappear 
within two years, necessita�ng cau�on when iden�fying 
individuals across different seasons. Our comparison of 
drone-captured images of two individuals indicates that 
these dorsal mo�ling pa�erns allow for easy and reliable 
individual iden�fica�on.

In the applica�on of photo iden�fica�on using aerial 
imagery by drones, it is essen�al to cross-reference these 
images with exis�ng catalogs of dorsal/lateral mo�ling 
photographs. Due to the significant difference in photo-
graphic angles between pictures taken from drones and 
pictures taken from vessels, the same mo�led pa�erns 
may appear different. To inves�gate this, we obtained 

lateral pictures obtained from vessels and aerial pictures 
taken from drones from the same individuals. A future 
task is to conduct compara�ve analyses of both types of 
photographs to determine whether the same individuals 
can be reliably iden�fied using both methods.

Photogrammetry

The use of drones has enabled non-lethal measurement 
of whale body length (BL), leading to a surge in research 
on body length and body condi�on since the 2010s (e.g., 
Durban et al., 2015; Chris�ansen et al., 2016). Body con-
di�on is a crucial indicator reflec�ng an animal's survival 
strategy, adap�ve capacity and prey availability (Steven-
son and Woods, 2006; Konishi et al., 2008; Solvang 
et al., 2017). Drone-based studies have introduced 
various indices for body condi�on. For example, the Body 
Area Index (BAI) (Burne� et al., 2019), which standardizes 
the whale's dorsal surface area by dividing it by BL, and 
the Body Condi�on Index (BCI) (Chris�ansen et al., 2018), 
which calculates the body volume. BAI, calculated using 
Equa�on 1, is a rela�ve indicator where higher values 
indicate be�er body condi�on. Due to its low uncertainty 
and high precision, BAI is used for comparisons between 
individuals and popula�ons (Bierlich et al., 2021b). 

 = × ×2BAI SA/ HT[ ( ) ]BL 100   Equa�on 1 

Where:
SA=Surface area (m2) (the area shown in white in Figure 3)
HT=Head-tail range (propor�on of total length used, typi-
cally 0.7 for 20–90% in blue whales)
BL=Body length (m)

The surface area (SA) was es�mated by approxima�ng 
the whale's body as a series of trapezoids between 20% 
and 90% of the total body length and obtaining the sum 

Figure 1.　A drone Phantom Pro 4 flying over an Antarc�c blue whale during the 2020/2021 JASS-A survey (le�). 
Scene of retrieving the drone Inspire 2 at the bow deck of the research vessel Yushin-Maru No.2 during 
the 2021/2022 JASS-A survey (right). When retrieving, the drone is caught by hand. For safety, the person 
catching the drone uses a full-face helmet and cut-resistant gloves.

Figure 2.　Individual iden�fica�on of Antarc�c blue whales by 
differen�ated mo�led pigmenta�ons photographed 
by Phantom Pro 4. The mo�ling pa�ern on the dorsal 
is clearly visible and easily iden�fiable. The white scar 
is also a clue for individual iden�fica�on.
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of those areas. The drone Inspire 2 with al�tude measur-
ing system was used for the photogrammetry study.

In this study, we preliminary calculated BAI for a moth-
er Antarc�c blue whale photographed by drone Inspire 2 
on 16 January 2023. The BL and width at each 10% inter-
val of the body length were measured using MorphoMe-
triX (Ver.2.1.2) (Torres et al., 2020). The measurements 
required the flight al�tude at the �me of capture, focal 
length, sensor size, and the number of pixels from the �p 
of the rostrum to the notch of the fluke for BL. Figure 3 
shows the en�re body immediately a�er breathing. This 
was extracted using a VLC media player (Ver. 3.0.8.0). 
Based on the �me and posi�on at the �me of extrac�on, 
the distance from the sea surface measured by LiDAR and 
the �lt of the aircra� were obtained. A�er correc�ng for 
the �lt, the flight al�tude was calculated to be 52.5 m. 
The focal length was fixed at 14 mm during the flight to 
capture 4K video (3840×2160 pixels). The onboard cam-
era was the ZENMUSE X5S (DJI, China), equipped with 
a MICRO 4/3 sensor, and the lens was the Olympus M. 
ZUIKO DIGITAL 14–42 mm 1 : 3.5–5.6 (Olympus, Japan). 
The wide-angle lens caused distor�on in the images, 
which was corrected using the video edi�ng so�ware 

Defishr (Ver.1.0) to prevent interference with accurate 
measurements. From the corrected images, the number 
of pixels from the �p of the rostrum to the notch of the 
fluke and from the edge of the body to the other edge 
was counted.

The BL of this individual was es�mated to be 26.6 m. 
Commercial whaling data for Antarc�c blue whale 
showed sexually mature females averaged 25.59 m in 
length (range: 23.4–28.2 m) (Mackintosh and Wheeler, 
1929; Pastene et al., 2019). This suggested that the es-
�mated body length of this individual was within that 
range. The BAI of this animal was measured at 12.35. 
Barlow et al. (2023) used Monte Carlo ANOVA to analyze 
BAI values for three blue whale popula�ons on the feed-
ing ground. They reported the following results: Eastern 
North Pacific (ENP) blue whales had a BAI of 13.02 (95% 
CI: 12.74–13.33), New Zealand pygmy blue whales 14.36 
(95% CI: 13.84–14.77), and Chilean blue whales 12.67 
(95% CI: 12.21–13.23). The Antarc�c blue whale mother 
in our study showed the lowest value which was closest 
to that of the Chilean blue whales.

It is generally observed that the body condi�on of 
mother whales deteriorates when accompanied by calves 
(the case of our study) due to energy alloca�on for nurs-
ing (Chris�ansen et al., 2016). Barlow et al. (2023) pro-
vided valuable insights into blue whale body condi�on 
across different ecosystems. Of par�cular interest is their 
observa�on that New Zealand pygmy blue whales, which 
do not migrate seasonally, showed the best body condi-
�on. This finding offers an important point of comparison 
for understanding the body condi�on of the Antarc�c 
blue whales in our study. Antarc�c blue whales, which 
undergo seasonal migra�on, may be more vulnerable to 
changes in the distribu�on and abundance of prey caused 
by climate change. The rela�vely low BAI value we ob-
served in our study individual aligns with this hypothesis. 
Furthermore, the record low sea ice extent observed 
in February 2023 (Purich and Doddridge, 2023) (year in 
which the picture was taken) and the predicted rapid 
ocean warming (Naughten et al., 2023) could significantly 
impact the feeding environment of Antarc�c blue whales. 
Under these circumstances, monitoring body condi�on, 
in addi�on to abundance, has become increasingly im-
portant for resource management.

However, due to the difficulty of accessing the Antarc-
�c Ocean, collec�ng sampling data on the body condi�on 
of baleen whales in this region remains challenging. The 
u�liza�on of drones in the JASS-A program serves as a 
valuable data sampling pla�orm and provides a globally 
significant research opportunity. Given that this study 

Figure 3.　A lens-distor�on corrected photograph used for 
measuring body length (BL) and width at 10% intervals 
of the BL (black thick lines) using MorphoMetriX 
(Ver.2.1.2). The red circles indicate the endpoints 
for measuring the body width. The flight al�tude 
at the �me of capture was 52.5 m. Le�ers A and 
B indicate the mirror sides. The measurements 
for this individual were based on the body width 
from side A edge to side B edge. MorphoMetriX 
(Ver.2.1.2) can handle one-sided measurements 
(from the edge of one side to the center) when the 
edge of one side of the whale is obstructed, e.g., by 
waves, glare and other factors.
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focused on a mother with a calf, which is a special case, 
and the limited number of data points, we will move to 
conduc�ng measurements of other individuals collected 
in JASS-A and analyze the body condi�on of Antarc�c blue 
whale popula�ons. It is also crucial to accumulate data 
on various whale species, not limited to Antarc�c blue 
whales. This will enable us to assess the body condi�on 
of whales and evaluate whether the changing Antarc�c 
Ocean con�nues to func�on as a healthy feeding ground.
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Implemen�ng interna�onal collabora�on in the study of cetaceans at 
the Ins�tute of Cetacean Research
Luis A. Pastene

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

The importance of interna�onal collabora�on in the 
study of cetaceans was commented on and discussed in 
a previous TEREP’s commentary ar�cle (Pastene, 2021). 
According to the ar�cle, one of the advantages of interna-
�onal research collabora�on is that it ‘facilitates the ac-
cess to, and interchange of, field, laboratory and analy�-
cal techniques’. This ar�cle describes and comments on 
two recent examples of research collabora�ons resul�ng 
in valuable exchange of field, laboratory and analy�cal 
techniques. One example is a German scien�st’s one-year 
post-doctoral stay at the Ins�tute of Cetacean Research 
(ICR) with the focus on popula�on genomics of large 
whales. Another example is a Chilean scien�st’s par�ci-
pa�on in the fieldwork during the 2023/24 season of the 
Japanese Abundance and Stock-structure Survey (JASS-A) 
cruise in the Antarc�c.

Post-doctoral stay of a German scien�st
Dr. Katrin Kiemel is an evolu�onary biologist with a spe-
cial interest in the field of molecular ecology. She has 
been working in Germany on a wide spectrum of organ-
isms, ranging from large mammals such as the North 
Atlan�c common minke whale to smaller amphibians and 
microscopic invertebrates such as zooplankton.

A�er comple�ng her Ph.D. in the field of evolu�on-
ary biology at the University of Potsdam, Germany in 
February 2023, Dr. Kiemel applied for a post-doctoral 
research posi�on at the ICR, Tokyo, Japan. This posi�on 
was approved for a period of one year (March 2023–
February 2024). The primary research objec�ve of the 
post-doctoral stay was to develop and implement a new 
gene�c marker, Single Nucleo�de Polymorphism (SNPs), 
at the gene�c laboratory of the ICR to enable the study 
of popula�on genomics of cetaceans. Technical details of 
this marker and its development are outlined in an ar�cle 
by Dr. Kiemel in this issue of TEREP. Figure 1 shows Dr. 
Kiemel working at the former gene�c laboratory of the 
ICR in Tokyo.

Popula�on gene�cs studies of large whales at the ICR, 

as well as in many other research ins�tu�ons worldwide, 
have tradi�onal relied on two gene�c markers: sequenc-
ing analyses of a segment of the maternal inherited mi-
tochondrial DNA (mtDNA) control region and genotyping 
based on mul�ple loci of bi-parental inherited microsatel-
lite DNA (msDNA). However, SNPs offer several advantag-
es over msDNA. As Dr. Kiemel explains in her ar�cle, the 
primary advantages of SNPs are i) they can overcome the 
resolu�on limita�ons o�en encountered in tradi�onal 
popula�on gene�cs, par�cularly in highly mobile species 
like cetaceans; and ii) they allow for a greater compa-
rability of popula�on gene�cs studies across different 
laboratories without requiring prior calibra�on, which 
is necessary for microsatellites (Kiemel et al., this issue).

During her research stay at the ICR, Dr. Kiemel imple-
mented the SNPs marker in the study of blue whales 
worldwide, aiming to answer ques�ons on popula�on 
structure and kinship assessment (paper in prepara-
�on). As a main output of Dr. Kiemel’s work at ICR, the 

 

Figure 1.　Dr. Kiemel working at the ICR’s former gene�c labo-
ratory in Tokyo.
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SNPs markers are now available not only for the study 
of popula�on genomics of blue whales, but also for the 
pipeline that allows popula�on genomic studies on other 
baleen whale species by the ICR gene�c team. At the end 
of her stay, Dr. Kiemel conducted a training course on SNP 
gene�c markers in February 2024 at the ICR Taiji Office’s 
gene�c laboratory. She also contributed a related lecture 
at the interna�onal workshop in Taiji, which focused on 
the use of gene�c data for whale stock iden�fica�on. The 
workshop included par�cipa�on from interna�onal ex-
perts represen�ng Norway, Iceland, Germany and Japan.

In conclusion, Dr. Kiemel’s post-doctoral research stay 
at the ICR was very successful for several reasons. Firstly, 
the research objec�ve of developing and implemen�ng 
SNPs at the ICR was achieved. This was possible not only 
because Dr. Kiemel’s high laboratory and analy�cal skills 
but also because of her efficient organiza�on of work 
ac�vi�es and highly produc�ve use of her �me. Addi�on-
ally, she developed strong communica�on �es with ICR 
scien�sts, par�cularly members of the gene�c team, both 
professionally and socially. These interac�ons facilitated 
an exchange of informa�on between scien�sts from 
different scien�fic and cultural backgrounds. Moreover, 
Dr. Kiemel showed keen interest in Japanese culture, 
dedica�ng her limited free �me to exploring and learning 
from tradi�onal loca�ons in Japan.

A�er comple�ng her post-doctoral work in ICR, Dr. 
Kiemel moved to the Department of Evolu�onary and 
Integra�ve Ecology of the Leibniz Ins�tute of Freshwater 
Ecology in Berlin, Germany.

Par�cipa�on of a Chilean scien�st in a JASS-A survey
Dr. Claudio Moraga, DVM, Ph.D.(c), is a Chilean veterinar-
ian and ecologist with experience in wildlife ecology stud-
ies of land and marine mammals. At present, he works at 
the ‘Centro de Estudios del Cuaternario de Fuego-Patago-

nia y Antar�ca Chilena’ (CEQUA). He is also an associate 
researcher of the microbiome interna�onal project which 
is being implemented in the Magellan Strait by CEQUA 
in collabora�on with scien�sts from several countries 
including Japan, Mexico, Germany, Ecuador and Chile. 
His experience covers handling and sampling of wildlife 
species to methods for es�ma�on of wildlife abundance. 
He has experience with biological sampling of subantarc-
�c penguins, South American sea lions and large whales 
inhabi�ng the southernmost Chilean Patagonia. In addi-
�on, he has field and analy�cal experience working with 
the Line Transect Method in studies of land mammals in 
Chile. Recently he has overseen the use of drones for the 
observa�on of animal counts and behavior in this south-
ern region of Chile.

Under the framework of a Memorandum of Under-
standing (MOU) between the ICR and CEQUA, Dr. Moraga 
applied for a posi�on as a field researcher in the 2023/24 
JASS-A survey in a part of Area IV, in the Indian sector of 
the Antarc�c. A�er acceptance by the ICR, he carried out 
the logis�c prepara�on for his par�cipa�on with assis-
tance from several colleagues from the ICR. For instance, 
several introductory and organiza�onal online mee�ngs 
were carried out in which Dr. Moraga par�cipated togeth-
er with Dr. Matsuoka (director of ICR), Mr. Isoda (cruise 
leader of the 2023/24 JASS-A survey) and the author of 
this ar�cle.

The objec�ves of Dr. Moraga’s par�cipa�on in the 
JASS-A survey were the following: i) to contribute to the 
field work of JASS-A survey; ii) to learn on the cetacean 
applica�on of the Line Transect Method as well biopsy 
sampling, photo-id, drone survey and oceanographic 
survey; iii) to exchange informa�on of the common field 
techniques that are used in both JASS-A surveys and 
CEQUA surveys in the Patagonia; iv) to contribute to a 
study based on samples obtained during the JASS-A sur-
vey; and v) to disseminate informa�on in Chile about the 
JASS-A survey, including technical and cultural aspects.

The JASS-A survey was held between 23 December 
2023 to 29 February 2024 (port-to-port period) (see 
details of this survey in Isoda et al., this issue). A�er a 
long flight from Chile to Surabaya, Indonesia, Dr. Moraga 
met Japanese scien�sts and crew members. He then 
par�cipated in a pre-cruise mee�ng and boarded one 
of the vessels to start transit to the Antarc�c research 
area. A�er comple�ng the survey in the Antarc�c, the 
vessels returned to Dili, East Timor on 29 February 2024. 
A�er par�cipa�ng in a post-cruise mee�ng Dr. Moraga 
returned to Chile.

According to the cruise leader and other scien�sts par-

Figure 2.　Dr. Moraga engaged in sigh�ng ac�vi�es during the 
2023/24 JASS-A survey.
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�cipa�ng in the 2023/24 JASS-A survey, Dr. Moraga par-
�cipated ac�vely and enthusias�cally in all research ac-
�vi�es assigned to him (see Figure 2) and adapted quickly 
to the life on the Japanese vessel. According to them, Dr. 
Moraga communicated well not only with the scien�sts 
on board but also with the captain and crew members. In 
summary Dr. Moraga made an excellent contribu�on to 
the fieldwork of the JASS-A survey.

Based on the comments from the cruise leader and 
other scien�sts summarized above, I believe that the 
par�cipa�on of Dr. Moraga in the 2023/24 JASS-A survey 
was a success and that all objec�ves were or are being 
fulfilled. He contributed to the field work of JASS-survey 
and learnt about different techniques used, which will 
be applied back in Chile during CEQUA field surveys in 
the Patagonia (objec�ves i–iii above). Some of the biopsy 
samples collected from humpback whales are being used 
in a collabora�ve study on microbiota between ICR and 
CEQUA (objec�ve iv above). Finally, Dr. Moraga is prepar-
ing a paper for publica�on in a local journal in Chile about 
his experience working on a Japanese research vessel 
in the Antarc�c, including technical and cultural aspects 
(objec�ve v above).

The successful par�cipa�on of Dr. Moraga in the 
2023/24 JASS-A survey enabled a path for further re-
search collabora�on on whales between his ins�tute 
in Chile and the ICR. For instance, a new collabora�ve 

research project between the two research ins�tu�ons 
has just started. It deals with Whole Genome Sequenc-
ing (WGS) of humpback whales from the JASS-A research 
area and those in the Chilean Patagonia and Antarc�c 
Peninsula.

Concluding remarks
The two experiences described briefly in this ar�cle 
confirm the view that interna�onal collabora�on in the 
study of large whales is important for the access and 
interchange of laboratory, field and analy�cal techniques 
among research ins�tu�ons from different regions and 
countries. Further, these two experiences demonstrated 
that interna�onal research collabora�on promotes the 
exchange of ideas and modes of working among scien�sts 
from different countries. This in turn should facilitate the 
understanding of the different cultures involved. Ignoring 
such differences may result in misunderstandings during 
interna�onal scien�fic debates or research collabora�ons 
(Pastene, 2021).
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National meetings

Par�cipa�on of scien�sts from the Ins�tute of Cetacean Research in 
Na�onal Mee�ngs in 2024

The 38th Interna�onal Symposium on the Ok-
hotsk Sea and Polar Oceans

The Sea Ice Research Laboratory of Hokkaido University 
was established in 1965. This laboratory has been orga-
nizing the Interna�onal Symposium on the Okhotsk Sea 
and Polar Oceans since 1986. Originally, the subjects of 
the symposium were related mainly to sea ice physics, 
engineering for oil development in the sea ice, and biol-
ogy of marine resources and fishery. Recently the sub-
jects covered marine environments, global warming, and 
the Arc�c Sea Routes (northern passage into the Arc�c 
Ocean).

The 38th Interna�onal Symposium on the Okhotsk 
Sea and Polar Oceans was held from 21 to 28 February 
2024 at several venues in Mombetsu, Hokkaido. Tamura 
and Bando from the Ins�tute of Cetacean Research (ICR) 
par�cipated in the symposium by presen�ng the study 
‘Stable isotope ra�os in minke whale baleen in the Sea 
of Okhotsk’.

The 2024 mee�ng 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 promo�on of all aspects of fisheries 
science. The society fulfills its global commitment by pro-
mo�ng science, striving to achieve sustainable develop-
ment in the field of fisheries, while recognizing the crucial 
need to preserve the natural aqua�c resources. It also 
strives to forge rela�onships 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 ci�es 
of Japan. This forum is where members present their 
research ac�vi�es, exchange informa�on, and foster col-
labora�ve research in areas of common interest.

The 2024 spring mee�ng of the JSFS was held from 
27 to 30 March at Tokyo University of Marine Science 
and Technology (TUMSAT). Matsuoka, Hakamada and 
Katsumata from the ICR par�cipated in the mee�ng as 
co-authors of the study �tled ‘Preliminary es�ma�on of 
availability bias in North Pacific sei whale using satellite 
tagging data’.

 

Mombetsu Municipal Museum, Mombetsu, Hokkaido, Japan.

The Tokyo University of Marine Science and Technology, Tokyo, 
Japan, venue of the 2024 spring mee�ng of the JSFS.
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International meetings

Par�cipa�on of scien�sts from the Ins�tute of Cetacean Research in 
Interna�onal Mee�ngs in 2024

Interna�onal workshop on the use of gene�c 
data for whale’s stock iden�fica�on purposes

This interna�onal workshop organized by the Ins�tute of 
Cetacean Research (ICR) was held from 18 to 22 Febru-
ary 2024 in Taiji, Wakayama Prefecture, with two main 
objec�ves: (1) to interchange informa�on on gene�c 
techniques —laboratory and analy�cal— used on large 
whale’s stock structure studies in ins�tutes in Germany, 
Iceland, Norway, and Japan, and (2) to iden�fy future 
collabora�ve research topics on popula�on gene�c struc-
ture of baleen whales.

The objec�ve (1) was implemented through the follow-
ing ac�vi�es: (i) training course in the use of the Single 
Nucleo�de Polymorphism (SNP) technique by an experi-
enced German scien�st; (ii) visit and advice from experi-
enced foreign scien�sts to the recently established ICR, 
Taiji Office, including the gene�c laboratory; and (iii) oral 
presenta�ons on popula�on gene�c studies on whales 
conducted in each country. Ac�vi�es (i) and (ii) above 
were carried out at the ICR Taiji Office, and ac�vity (iii) 
including discussions on future research collabora�ons, 
i.e., objec�ve (2), were carried out at the Taiji Whale 
Museum.

Six scien�sts from ICR par�cipated in the workshop, 
and they presented popula�on gene�cs studies on North 
Pacific common minke and southern humpback whales 
(Goto), southern right whales (Katayama), blue whales 

(Kiemel), Antarc�c minke whales (Pastene), North Pacific 
fin whales (Taguchi), and North Pacific Bryde’s whales 
(Sugimoto). The history of laboratory gene�c techniques 
which have been implemented in ICR through �me and 
the on-going development of SNP genotyping techniques 
at ICR were introduced by Pastene and Kiemel, respec-
�vely. Based on the three ac�vi�es above, several topics 
for future interna�onal research collabora�ons were 
iden�fied. Details can be found in the proceedings of the 
workshop (Geiken-Sosho No.17).

Annual mee�ng of the North Atlan�c Ma-
rine Mammal Commission (NAMMCO) Scien�fic 
Commi�ee (SC)

The North Atlan�c Marine Mammal Commission 
(NAMMCO) is an interna�onal body for coopera�on on 
the conserva�on, management and study of marine 
mammals in the North Atlan�c. 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, and to be�er understanding the role of marine 
mammals in the ecosystem. NAMMCO has a Scien�fic 
Commi�ee (SC), which meets annually.

The 2024 NAMMCO SC (SC30) mee�ng was held from 
22 to 26 January 2024 in Hafnar�örður, Iceland. Four 
scien�sts from ICR par�cipated in the mee�ng (Pastene, 
Tamura, Konishi and Sugimoto) as observers from Japan. 

 

Par�cipants of the workshop on the use of gene�c data for 
whale’s stock iden�fica�on purposes held in Taiji, Wakayama 
Prefecture, Japan.

A session of the 2024 NAMMCO SC mee�ng (SC30) at the 
Marine & Freshwater Research Ins�tute, Hafnar�örður, Iceland.
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They presented the following documents: the 2022–2023 
Japan progress report on large cetacean research, the 
2021–2022 Japan progress report on small cetacean re-
search, a proposal for star�ng a collabora�ve study to fur-
ther understand the role of baleen whales in the western 
North Pacific ecosystem and the 2022–2023 report on 
satellite tagging experiments at the ICR. The report of the 
mee�ng can be found on the website of NAMMCO (h�ps://
nammco.no/wp-content/uploads/2024/02/Report_ 
SC30_rev08042024.pdf).

NAMMCO-Japan MINTAG project mee�ngs

NAMMCO and Japan have agreed on a collabora�ve 
project to develop a new satellite tag suited for use on 
fast swimming rorquals (fin, sei, Bryde’s, blue and minke 
whales) and pilot whales, which are of most interest 
to NAMMCO countries and Japan. The project is called 
MINTAG project. The project started in 2022 and will run 
for five years. The project is divided into phases: develop-
ment phase, tes�ng phase, deployment-data collec�on-
analyses phase, and publica�on-final repor�ng-workshop 
phase. The project is led by a Steering Group composed 
of scien�sts from NAMMCO countries and Japan, the 
Secretariat of NAMMCO, and the Fisheries Agency of 
Japan (FAJ). Yearly reports are available at h�ps://mintag-
project.com/about-us/#reports.

An in-person MINTAG Steering Group mee�ng was 
held from 21 to 22 January 2024 in Hafnar�örður, Iceland, 
with par�cipa�on of a scien�st from the ICR (Konishi). A 
second Steering Group mee�ng was held online on 17 
April 2024, with par�cipa�on of two scien�sts from the 
ICR (Pastene and Konishi). The main topics of this second 
mee�ng were the evalua�on of tests in 2023, a web blog, 
and the test schedule for the project in 2024 (h�ps://
mintag-project.com/follow-the-whales/).

NAMMCO gene�c working group (WG) mee�ng

The first gene�c working group mee�ng of NAMMCO was 
held in-person from 8 to 9 October 2024 in Copenhagen, 
Denmark with par�cipa�on of a scien�st from the ICR 
(Taguchi). During the mee�ng, discussions primarily fo-
cused on the gene�c popula�on structure of the North 
Atlan�c long-finned pilot whales, narwhals, and belugas, 
based on the priori�es assigned to this WG by NAMMCO 
SC/30. Addi�onally, previous findings on the popula�on 
structure of the white-beaked and Atlan�c white-sided 
dolphins were reviewed, and data collec�on and ana-
ly�cal approaches to be standardized across all member 
countries were discussed. Based on these discussions, 
several recommenda�ons were made to the member 

countries. The content of this mee�ng will be reported 
to and approved by the upcoming NAMMCO SC mee�ng.

Annual mee�ng of the Interna�onal Whaling 
Commission Scien�fic Commi�ee (IWC SC)

The Interna�onal Whaling Commission (IWC) is an inter-
na�onal body set up by the terms of the Interna�onal 
Conven�on for the Regula�on of Whaling (ICRW), which 
was signed in Washington, D.C., United States, on 2 De-
cember 1946, to ‘provide for the proper conserva�on 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 Scien�fic Commi�ee 
(SC), which meets bi-annually.

The 2024 mee�ng of the IWC SC (SC69B) was held from 
22 April to 3 May 2024 in Bled, Slovenia. Three scien�sts 
from the ICR par�cipated in the mee�ng (Matsuoka, Isoda 
and Kim) as observers from Japan. They presented a total 

Par�cipants of the NAMMCO gene�c working group mee�ng 
held in Copenhagen, Denmark.

A session of the IWC SC mee�ng (69B) in Riki Balance Hotel, 
Bled, Slovenia.
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of 10 documents: six documents at the Standing Working 
Group on Abundance Es�mates, Stock Status and Interna-
�onal Cruises (ASI), one document at the Working Group 
on Stock Defini�on and DNA tes�ng (SDDNA), one docu-
ment at the Sub-Commi�ee on Conserva�on Manage-
ment Plans (CMP) and two general documents (O: PICES 
Observer Report and Japan’s Scien�fic Progress Reports).

The next mee�ng of the IWC SC (SC70) will be held in 
2026.

The report of the IWC SC mee�ng can be found on the 
website of the IWC h�ps://archive.iwc.int/pages/view.
php?ref= 22181&k=).

Annual mee�ng of the Conven�on on the Con-
serva�on of Antarc�c Marine Living Resources-
Working Group on Ecosystem Monitoring and 
Management (CCAMLR-EMM)

The Conven�on on the Conserva�on of Antarc�c Marine 
Living Resources (CCAMLR) is part of the Antarc�c Treaty 
System. The Conven�on was opened for signature on 
1 August 1980 and entered into force on 7 April 1982, 
thereby establishing the Commission for the Conserva-
�on of Antarc�c Marine Living Resources. Its goal is to 
preserve marine life and environmental integrity in and 
near Antarc�ca. 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-
�ons of other marine life, which are dependent upon krill 
for food. The CCAMLR has a Scien�fic Commi�ee and 
several Working Groups. One of these groups is the Work-
ing Group on Ecosystem Monitoring and Management 
(EMM), which meets annually.

The 2024 mee�ng of the EMM Working Group was 
held from 1 to 12 July 2024 in Leeuwarden, Netherlands. 
The main topics for discussions were krill fishery manage-
ment, spa�al management and ecosystem monitoring. 
Under the spa�al overlap analysis approach, several pa-
pers on monitoring of krill-dependent predators including 
whales in western Antarc�c were presented. Isoda, Kim 
and Matsuoka were co-authors of a report presented to 
the mee�ng �tled ‘Summary of the dedicated sigh�ng 
survey for large whale species under the Japanese Abun-
dance and Stock structure Surveys in the Antarc�c (JASS-
A) during the 2023/24 austral summer season’.

The report of the mee�ng can be found on the website 
of the CCAMLR (h�ps://mee�ngs.ccamlr.org/en/wg-
emm-2024).

The 6th Interna�onal Conference of D-Amino 
Acid Research (IDAR2024)

The Joint 6th Interna�onal Conference of D-Amino Re-
search (IDAR2024) and 18th Conference of the D-Amino 
Acid Research Society of Japan was held at Kanazawa 
University from 21 to 24 August 2024. This is a unique 
interna�onal interdisciplinary conference that deepens 
comprehensive research findings and exchanges among 
scien�sts doing research on D-amino acids in the fields of 
biology, chemistry, medicine, pharmacology, engineering, 
and agriculture.

A scien�st from ICR (Yasunaga) par�cipated in the con-
ference as invited speaker and presented the study �tled 
‘Age es�ma�on of baleen whales based on aspar�c acid 
racemiza�on technique using UPLC-MS/MS measure-
ment combined with deuterium-chloride hydrolysis’.

Annual mee�ng of the North Pacific Marine Sci-
ence Organiza�on (PICES)

The North Pacific Marine Science Organiza�on (PICES) is 
an intergovernmental science organiza�on established in 
1992. It aims to promote and coordinate marine scien�fic 
research in the North Pacific Ocean and its adjacent seas, 
and to provide a mechanism for informa�on and data 
exchange among scien�sts in its member countries. Its 
present members are Canada, Japan, People’s Republic of 
China, Republic of Korea, the Russian Federa�on, and the 
United States of America.

The 2024 mee�ng of the PICES was held in Honolulu, 
Hawaii, USA. The business mee�ng of the Marine Bird 
and Mammals (S-MBM) sec�on was held on 26 Octo-

Scien�sts par�cipa�ng in the dinner of the IDAR2024 and 18th 
Conference of the D-Amino Acid Research Society of Japan in 
Kanazawa University, Kanazawa, Japan.
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ber. One scien�st from ICR par�cipated in this mee�ng 
(Tamura) introducing the observer report of the 2024 
IWC SC mee�ng. Under the topic ‘Social, economic and 
ecological implica�ons of recoveries, range expansions 
and shi�ing distribu�ons of marine birds, mammals and 
fish’ discussed on 31 October, Tamura, Kato Konishi and 
Isoda from the ICR presented the study �tled ‘Temporal 
changes in distribu�on and prey species of common 
minke whales in Sendai Bay off the Pacific coast of Japan’. 
Under the same topic, Katsumata and Kato from the ICR 
were co-authors of a study presented at the mee�ng 
�tled ‘New wintering ground for humpback whales that 
have appeared around Hachijyojima Island (33°06’N, 
139°47’E), Tokyo Metropolis, Japan since 2015: Their 
ecology and posi�ve impact on the local tourism’. The 
report of the PICES mee�ng can be found on the website 
of PICES (h�ps://mee�ngs.pices.int/).

25th Biennial Conference on the Biology of Ma-
rine Mammals

The Society for Marine Mammalogy (SMM) was founded 
in 1981 and is the largest interna�onal associa�on of 
marine mammal scien�sts 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 educa�on, conserva�on and management. The 
SMM holds conferences every two years.

The 25th biennial conference of the SMM was held in 
Perth, Western Australia, Australia, from 11 to 15 Novem-
ber 2024. This was the first �me the conference was held 
in Australia. Katsumata, Isoda, Hakamada and Matsuoka 
from the ICR presented the study �tled ‘Abundance and 
distribu�on of southern right whales in the eastern Indian 
Ocean sector (70°–130°E) of the Antarc�c, south of 60°S’.

A session of the 2024 PICES mee�ng in Honolulu, Hawaii, USA.

A poster session of the 25th Biennial Conference on the Biology 
of Marine Mammals held in Perth, Western Australia, Australia.
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Peer-reviewed publications

List of peer-reviewed publica�ons based on the Ins�tute of  
Cetacean Research (ICR)’s surveys up to 2024

This sec�on presents a list of peer-reviewed publica�ons 
based on data collected by surveys conducted under 
former special scien�fic permit programs (JARPA/JARPAII/
NEWREP-A and JARPN/JARPNII/NEWREP-NP), including 
both lethal and non-lethal techniques. Peer-reviewed 
publica�ons 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. Publica�ons based on 
such studies are also listed here.

This sec�on also includes a list of peer-reviewed publi-
ca�ons resul�ng from other surveys and research ac�vi-
�es, different from special scien�fic permit surveys.

Publica�ons having as a first author a non-ICR scien-
�st commonly followed a data request or collabora�on 
research agreement with ICR. In a few cases, external 
scien�sts used published data from ICR surveys in their 
analyses and publica�ons, without a formal agreement 
with ICR. These cases are indicated by an asterisk (*).
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