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ABSTRACT
The Ins�tute of Cetacean Research (ICR) conducted whale research under special scien�fic permit in the Ant-
arc�c star�ng from the austral summer season 1987/88. The research was conducted systema�cally under 
different research programs such as JARPA and JARPAII, and more recently, under NEWREP-A. These research 
programs employed both lethal and non-lethal methods. NEWREP-A ceased a�er the 2018/19 austral summer 
season as a consequence of Japan’s decision to withdraw from the Interna�onal Conven�on for the Regula�on 
of Whaling. Japan’s whale research con�nues in the Antarc�c, using non-lethal methods only. This paper is a 
con�nua�on of the series of reports on research contribu�on in the Antarc�c by the ICR. This �me, the topic 
is on stock structure of large baleen whale species other than Antarc�c minke whales, in the Indo-Pacific sec-
tor of the Antarc�c. Gene�c analyses, which were based on the large biopsy sample collec�on of the ICR in 
the Antarc�c, have provided important informa�on on the stock structure and movement of baleen whales, 
including blue, fin, humpback and southern right whales in the Indo-Pacific sector.

INTRODUCTION

Japan conducted systema�c research on whales and the 
Antarc�c ecosystem for more than 30 years. The first 
research program was the Japanese Whale Research 
Program under Special Permit in the Antarc�c (JARPA), 
which was followed by JARPAII and subsequently by the 
New Scien�fic Whale Research Program in the Antarc�c 
Ocean (NEWREP-A). The Ins�tute of Cetacean Research 
(ICR) was the ins�tu�on in charge of designing and 
implemen�ng those research programs. Tamura et al. 
(2017) have provided details on the objec�ves, sampling 
and analy�cal methodology of the three research pro-
grams. Several interna�onal review workshops (e.g., IWC, 
2015a) discussed and evaluated the large amount of data 
and results from these research programs.

As a consequence of Japan’s change in whaling policy, 
the NEWREP-A ceased on 30 June 2019, the date of Ja-
pan’s withdrawal from the Interna�onal Conven�on for 
the Regula�on of Whaling (ICRW). From the 2019/20 aus-
tral summer season, Japan started whale research in the 
Antarc�c using non-lethal methods. The new research 
program is called the Japanese Abundance and Stock-
structure Surveys in the Antarc�c program (JASS-A) (see 
Isoda et al., 2020).

At this point, it was considered important to sum-
marize the knowledge on whales and the Antarc�c eco-
system accumulated so far by Japan’s whale research in 
the Antarc�c. This paper is a con�nua�on of the series of 
reports on research contribu�on in the Antarc�c by the 
ICR. This �me the topic is stock structure of large baleen 
whale species other than Antarc�c minke whales, in the 
Indo-Pacific sector of the Antarc�c. Gene�c analyses have 
been possible based on the large biopsy sample collec-
�on of the ICR in the Antarc�c, which is one of the largest 
in the world. Biopsy samples were obtained during the 
surveys of the JARPA/JARPAII and NEWREP-A but also 
during the surveys of the Interna�onal Whaling Commis-
sion (IWC)’s Interna�onal Decade for Cetacean Research 
(IDCR) and Southern Ocean Whale and Ecosystem Re-
search (SOWER) programs.

This paper is not exhaus�ve of the informa�on on stock 
structure in Antarc�c large whales. More detailed results 
will be presented by species in future issues of TEREP-ICR.

COLLECTION OF GENETIC SAMPLES

Biopsy sampling systems
Gene�c analyses have been carried out based on biopsy 
samples collected by different biopsy sampling systems 
during systema�c sigh�ng surveys. These systems, which 
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will be described in details in future TEREP-ICR issues, 
include the ICR air gun system (Kasamatsu et al., 1991) 
used between 1992/93 and 2001/02, a crossbow system 
used between 2002/03 and 2013/14, and a Larsen system 
(Larsen, 1998) (Figure 1) used from 2014/15 to the pres-
ent day.

Number of biopsy samples
Surveys conducted by the ICR in the Indo-Pacific sector 
of the Antarc�c collected a total of 665 biopsy samples 
between 1993/94 and 2014/15, 38 from Antarc�c blue 
whales, 50 from fin whales, 445 from humpback whales, 
112 from southern right whales, and 20 from Antarc�c 
minke whales (Table 1). All samples collected were pre-
served onboard at −20°C un�l they were used at the ICR 

Figure 1.　Biopsy sampling using the Larsen system (le�) and a biopsy sample from a blue whale (right).

Table 1　
Number of biopsy samples collected by the Ins�tute of Cetacean Research in the Indo-Pacific sector of the Antarc�c between 1993/94 
and 2014/15 during JARPA and JARPAII surveys.

Season
Blue Fin Humpback Southern right A. minke

Total
III IV V VI III IV V VI III IV V VI III IV V III IV V

1993/94 - - 4 - - - - - - 20 - - - 5 - - - - 29
1994/95 - - - - - - - - - - 12 - - - - - - 8 20
1995/96 1 - - - - - - - 2 8 - - - 1 - - - - 12
1996/97 - - - 1 - - - - - - 5 15 - - - - - - 21
1997/98 - 1 - - - - - - 5 19 - - - 4 - 1 - - 30

1998/99 - - 2 - - - 3 - - - 22 1 - - - - - - 28
1999/00 1 3 - - - - - - 10 32 - - - 3 - - 10 - 59
2000/01 - - 3 - - - 9 - - - 14 22 - - - - - - 48
2001/02 - 1 - - - 4 - - 12 14 - - 2 14 - - - - 47
2002/03 - - - - - - 6 - - - 10 - - - 2 - - 1 19

2003/04 2 3 - - 4 - - - 27 31 - - - 4 - - - - 71
2004/05 - - - - - - - 2 - - 28 8 - - 1 - - - 39
2005/06 - 5 - - - 9 - - 1 6 - - - 15 - - - - 36
2006/06 - - 1 1 - - 3 - - - 11 2 - - - - - - 18
2007/08 4 2 - - - - - - 1 3 - - - 16 2 - - - 28

2008/09 - - - - - - - - - - 13 1 - - - - - - 14
2009/10 - - - - 1 - - - 12 26 38 - - 1 - - - - 78
2011/12 - - - - - - - - - - 1 - - - 3 - - - 4
2012/13 - - - - - - - - 3 - - - - - - - - - 3
2014/15 - 3 - - - 9 - - - 10 - - - 39 - - - - 61

Total 8 18 10 2 5 22 21 2 73 169 154 49 2 102 8 1 10 9 665
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gene�c laboratory. An example of biopsy sample is shown 
in Figure 1.

OUTLINE OF THE LABORATORY WORK

The laboratory work for gene�c analyses in all case 
studies involved the following steps: extrac�ons of total 
genomic DNA, molecular sex determina�on, sequencing 
of a por�on of the mitochondrial DNA (mtDNA) control 
region and genotyping with a set of microsatellite DNA 
(msDNA) loci. Technical details of the laboratory work can 
be found in Pastene and Goto (2016). A brief summary is 
presented here based on that study.

Sampled skin �ssues were preserved frozen at −20°C 
un�l use. Total genomic DNA was extracted from 0.05 g of 
skin �ssue using either the standard phenol-chloroform 
method or the Gentra Puregene kits (QIAGEN). Extracted 
DNA was stored in TE buffer (10 mM Tris-HCl, 1 mM EDTA, 
pH 8.0).

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. With the combina-
�on of loci of SRY and a microsatellite locus as a posi�ve 
control, males show amplified products of both SRY and 
a microsatellite locus, while females show only a micro-
satellite locus.

An approximate 500 base pairs (bp) of the mtDNA con-
trol region were amplified by the polymerase chain reac-
�on (PCR) using a set of primers available at the ICR. PCR 
products were purified using MicroSpin S-400HR columns 
(Pharmacia Biotech). Cycle sequencing was performed 
using BigDye terminator cycle sequence Kit (Applied Bio-
systems) and the PCR primers, following the protocols of 
the manufacturer. The cycle sequencing products were 
purified using AutoSeq G-50 spin Columns (Pharmacia 
Biotech). The labeled sequencing fragments were re-
solved using an ABI PRISM 377 or an ABI3500 Gene�c 
Analyzers (Applied Biosystems) (Figure 2).

The samples were also genotyped at a number of 
msDNA loci, which varies between 14 and 17 depending 
on the species, in mul�plex fluorescent PCRs. PCR prod-
ucts were electrophoresed on an ABI3500 DNA Analyzer 
(Applied Biosystems) (Figure 2), and allele sizes were de-
termined using a 600 LIZ size standard (Applied Biosys-
tems) and GeneMapper v. 4.0 (Applied Biosystems).

ANALYTICAL PROCEDURES

The analy�cal procedures for gene�c analyses on stock 
structure are those used rou�nely in these kinds of stud-
ies, and they are men�oned briefly below, together with 
the progress in research.

PROGRESS IN RESEARCH

The summary of research progress on stock structure for 
some large whale species below are based on Pastene (in 
press).

Blue whales
ICR scien�sts have collaborated with foreign scien�sts in 
the study of popula�on gene�cs of blue whales.

One example is the gene�c study by LeDuc et al. 
(2007), who used samples from the Antarc�c (n=30 from 
IDCR/SOWER cruises and n=17 from JARPA), Chile (n=16 
from IDCR/ SOWER), the southern and western coasts of 
Australia (n=28 from IDCR/SOWER), around the Maldives 
(n=6 from IDCR/SOWER) and Peruvian and Ecuadorian 
waters (n=12 from US SWFSC research cruises). Analysis 
focused on inves�ga�ng the pa�ern of gene�c varia-
�on in Southern Hemisphere blue whales and the use 
of an assignment test to detect mixing on the feeding 
grounds. Gene�c markers used were mtDNA control 
region sequences and seven microsatellite loci. Strong 
gene�c differences were found among samples from 
the southeast Pacific Ocean, Indian Ocean and around 
the Antarc�c con�nent. Gene�c differen�a�on between 
the geographical ranges of the nominal sub-species (i.e., 
Antarc�c vs pygmy blues in the Pacific and Indian Oceans) 
was not markedly greater than between popula�ons of 
pygmy blue whales.

Figure 2.　ABI3500 DNA Analyzer (Applied Biosystems) avail-
able at the ICR gene�c laboratory.
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Fin whales
Gene�c analyses on stock structure of fin whales in the 
Antarc�c feeding grounds are very scarce. One of the few 
studies was conducted by Goto and Taguchi (2019).

These authors examined popula�on gene�c structure 
in IWC Management Areas III, IV, V and VIW based on 
mtDNA control region sequences (478 bp) and sixteen 
microsatellite loci. The analysis was based on biopsy 
samples collected by the JARPA and IDCR/SOWER cruises, 
and samples from takes during JARPAII. The analyses 
were conducted on the basis of three arbitrary sectors: 
POP1 (0°–70°E, n=39), POP2 (70°E–160°E, n=48) and 
POP3 (160°E–145°W, n=18). The study showed a high 
mtDNA diversity, which was comparable among groups. 
Gene�c analyses based on heterogeneity test (mtDNA 
and msDNA) and STRUCTURE, PCA and test for Hardy 
Weinberg devia�on (msDNA) failed to find evidences of 
stock structure in the research area. A phylogene�c anal-
ysis based on mtDNA haplotype showed no rela�onship 
between clusters and par�cular geographical group. The 
authors noted that the sample sizes were small and that 
the results could be due to a low power of the sta�s�cal 
analyses.

Humpback whales
The IWC Scien�fic Commi�ee (SC) has described hypo-
the�cal stock structure and migratory corridors for South-
ern Hemisphere humpback whales based mainly on in-
forma�on such as Discovery marks, photo-iden�fica�on, 
gene�cs and satellite tracks (IWC, 2005). Seven Breeding 
Stocks (BS) are recognised, ‘A’–‘G.’ Some (‘B,’ ‘C,’ ‘E’ and 
‘F’) were further subdivided into sub-stocks (Figure 3). 
The IWC SC completed the assessment of most stocks 
at its 2014 mee�ng (IWC, 2015b). For the assessment, 

the informa�on on stock structure summarised below 
contributed to the interpreta�on of stock abundance and 
trend as well as for alloca�ng historical catches to the 
various stocks.

Pastene et al. (2006) examined the popula�on ge-
ne�c structure in IWC Management Areas IIIE, IV, V and 
VI based on mtDNA control region sequences and six mic-
rosatellite loci. The analysis was based on biopsy samples 
collected by the JARPA and IDCR/SOWER cruises, namely: 
n=81 for Area IIIE (JARPA: 50; IDCR/SOWER: 31); n=172 
for Area IV (JARPA: 126; IDCR/SOWER: 46); n=97 for Area 
V (JARPA: 90; IDCR/SOWER: 7); and n=61 for Area VI 
(JARPA: 44; IDCR/SOWER: 17). The analysis confirmed the 
high level of gene�c diversity for both mtDNA and micro-
satellites. Both gene�c markers suggested differen�a�on 
among these four Areas, with the differences being stron-
ger for females than males. The authors did not reject the 
possibility of some mixing of popula�ons on the borders 
of the Management Areas.

Kanda et al. (2014) examined the popula�on gene�c 
structure in IWC Management Areas IIIE, IV, V and VI 
based on genotypes from 14 microsatellite loci. The 
analysis was based on JARPA and IDCR/SOWER cruise 
samples: n=93 for Area IIIE (JARPA: 62; IDCR/SOWER: 31); 
n=218 for Area IV (JARPA: 172; IDCR/SOWER: 46); n=153 
for Area V (JARPA: 146; IDCR/SOWER: 7); n=64 for Area VI 
(JARPA: 47; IDCR/SOWER: 17). Major gene�c differences 
were a�ributed to samples from different Areas. Stronger 
differen�a�on was seen in females than in males. Despite 
the increase of the number of loci from six in the previous 
analysis to 14, the level of stock differen�a�on was s�ll 
too low for analysis at the individual level.

Pastene et al. (2013) used biopsy samples obtained 
by JARPA/JARPAII and IDCR/SOWER surveys and mtDNA 

Figure 3.　Hypothe�cal stock structure for Southern Hemisphere humpback whales. The areas and sub-areas iden�-
fied reflect approximate, rather than necessarily exact, boundaries. A do�ed line represents hypothe�cal 
connec�on, thin lines represent a small number of documented connec�ons between areas while thick 
lines represent a large number of documented connec�ons between areas (from IWC, 2005).
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control region sequences to study the distribu�on and 
mixing rates of breeding stocks BSD, BSE and BSF in Ant-
arc�c Areas IIIE–VI (Figure 4). Breeding ground samples 
were from Western Australia (n=185), Eastern Australia 
(n=104), New Caledonia (n=243), Tonga (n=240), Cook 
Islands (n=56) and French Polynesia (n=62). They were 
collected by several groups and research ins�tu�ons and 
were provided for analysis under the IWC SC Data Avail-
ability Protocol. JARPA and IDCR/SOWER survey samples 
were provided as outlined above (Pastene et al., 2006). 
According to one of the hypotheses on baseline popula-
�ons, Western Australian whales were distributed mainly 
in Management Areas IVW (84.5% SE: 0.043; FST: 0.0015) 
and IVE (75.9% SE: 0.092; FST: −0.0015); whales from East-
ern Australia in Area VW (64.7% SE: 0.074; FST: 0.0013); 
whales from New Caledonia in Area VE (83.9% SE: 0.011; 
FST: 0.0062), and whales from Tonga in Area VI (43.3% SE: 
0.015; FST: 0.0010). Whales from Cook Islands and French 
Polynesia were not represented on feeding ground Areas 
IIIE–VI.

Southern right whales
Two gene�c studies based on biopsy samples collected 
by the ICR have been conducted (Pastene et al., 2018; in-
press). These studies were based on 157 biopsy samples 
collected mainly in the Indian sector of the Antarc�c. Both 
mtDNA control region sequencing (381 bp) and msDNA at 
14 loci were used in the analyses. The mtDNA analysis 
suggested that whales in the Antarc�c Indian sector in 
summer are closely related to the South West Australian 
breeding grounds (Pastene et al., 2018). The msDNA 
revealed eight individual matches (four males and four 
females), which demonstrated that at least some males 
and females returned to the same feeding grounds over 
the years (Pastene et al., in press). The matching occurred 

in an area where visual surveys showed aggrega�ons of 
whales associated with high krill concentra�ons.

SUMMARY

The ICR, through its former whale research programs in 
the Antarc�c (JARPA, JARPAII), collected a large number 
of biopsy samples from different baleen whale species. 
In fact, the set of biopsy samples from the Antarc�c held 
by the ICR is the largest in the world. These samples were 
used in gene�c analyses on phylogeny, stock structure 
and individual matching in some baleen whale species 
that are key components of the Antarc�c ecosystem. 
Results of these analyses have been important for the 
assessment of these species conducted by the IWC SC. 
In the case of blue whales, the analyses contributed to 
understand the gene�c differen�a�on between Antarc-
�c and pygmy blue whales. The ICR started the gene�c 
analysis of fin whales in the Antarc�c feeding grounds. 
However it seems that the sample sizes are s�ll small to 
allow the detec�on of stocks. The gene�c analyses of bi-
opsy samples of humpback whales contributed to under-
stand the gene�c diversity and degree of differen�a�on 
of the species in the feeding grounds of Areas IIIE-VI and 
the rela�onship between breeding and feeding grounds 
of several stocks. At least four stocks were confirmed 
in the Indo-Pacific sector of the Antarc�c, which mix 
spa�ally in some sectors. In the case of southern right 
whales, gene�c analysis suggested that whales in the 
Indo-Pacific sector of the Antarc�c belong to the same 
stock as Western South Australia and that some whales 
return to the same feeding grounds over the years. More 
refined analyses will be conducted on these species with 
addi�onal biopsy samples collected by NEWREP-A and 
the ongoing JASS-A program.

Figure 4.　Geographical distribu�on of humpback whale samples from breeding and feeding grounds analyzed in 
Pastene et al. (2013).
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involving several baleen whale species. These data will be 
used to es�mate g(0), which in turn will be used to adjust 
abundance es�mates.

Photo-ID experiments
Photo-ID data were obtained for a total of 47 whales: 
blue (26 individuals), fin (1), humpback (3) and killer (17) 
whales (Table 5). Images collected during the survey were 
uploaded to the IWC master photographic database in 
Adobe Lightroom (LR) (Anon, 2020). Preliminary coding 
was completed for all cetacean images (4,054), including 
the alloca�on of species name, sigh�ng number, school 
size and biopsy effort. Photo-ID data will be used to study 
movement, distribu�on and stock structure of the spe-

cies involved.

Biopsy sampling
Biopsy samples were collected using the Larsen sampling 
system from 65 individual whales: 13 blue, 9 fin, 38 sei, 1 
Bryde’s, 2 humpback, and 2 killer whales (Table 6, Figure 
11a). All biopsy samples (Figure 11b) were catalogued 
and stored on the vessel in cryo-vials frozen at a tempera-
ture of −30°C. These samples will be used for molecular 
gene�cs analyses on stock iden�fica�on.

Marine macro debris observa�on
During the survey, a total of 67 marine macro debris 
objects were observed. These included 15 single fishing 

Figure 7.　The searching effort (thin line) and sigh�ng posi�ons (pink circles) of common minke whales during the 
2020 IWC-POWER survey.

Figure 8.　The searching effort (thin line) and sigh�ng posi�ons (black circles) of humpback whales during the 2020 
IWC-POWER survey.
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Figure 9.　The searching effort (thin line) and sigh�ng posi�ons (red triangles) of sperm whales during the 2020 
IWC-POWER survey.

Figure 10.　The searching effort (thin line) and sigh�ng posi�ons (black cross) of killer whales during the 2020 
IWC-POWER survey.

Table 5　
Summary of the Photo-ID’d experiments, by each species conducted during the 2020 IWC-POWER survey. R.A.: research area.

Photo-ID. Blue Fin Humpback Killer Total

Transit from Japan to Eastern Stratum (R.A.) (High Sea, area code 1) 0 0 0 0 0
Eastern Stratum (High Sea, area code 83) 0 1 1 14 16
Transit from Eastern Stratum (R.A.) to Kushiro (High Sea, area code 1) 0 0 0 0 0
Transit from Kushiro to Western Stratum (R.A.) (High Sea, area code 2) 0 0 0 2 2
Western Stratum (All High Sea, area code 82) 26 0 2 1 29
Transit from Western Stratum (R.A.) to Japan (All High Sea, area code 2) 0 0 0 0 0

Total 26 1 3 17 47
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floats, 10 styrofoam pieces (less than 1 square meter) 
and 8 plas�c bo�les (clear, 500–2,000 mL). All items were 
recorded ‘on effort’ (i.e., during the first 15 minutes of 
each hour).

HIGHLIGHTS OF THE SURVEY

It is concluded that the 2020 IWC-POWER survey was 
completed successfully by a group of interna�onal scien-

�sts (Figure 12) and that valuable data were collected for 
several cetacean species. Such data will allow studies on 
distribu�on, abundance and stock structure in this par-
�cular area of the North Pacific.

There are two aspects of this survey that should be 
highlighted. The first aspect is the hot spot of blue whales 
detected southeast off Kamchatka Peninsula as shown in 
Figure 3. Many blue whales (21 schools/ 31 individuals) 
were sighted in the northern part of the western side 
of the research area (north of 45°N). This hot spot was 
also reported during the JARPN/JARPNII and NEWREP-NP 
surveys (e.g., Matsuoka and Hakamada, 2019). Photo-ID 
data and biopsy samples obtained from different re-
search programs will allow studies on stock structure for 
this par�cular spot.

The second aspect is the con�nuous distribu�on of sei 
whales in the sector comprised between 160°E and 180° 
detected in this survey (Figure 5). In past surveys only a 
limited sigh�ng effort was spent in the sector 170°E–180°, 
so the con�nuous distribu�on in this sector confirmed in 
this survey is an important piece of informa�on to assist 

Figure 11.　(a) Biopsy sampling of blue whale during the 2020 
IWC POWER survey using the Larsen sampling 
system. (b) Dart and �p and fin whale skin sample 
(black skin and blubber) collected by the Larsen 
system.

Table 6　
Summary of the number of species-specific biopsy samples collected during the 2020 IWC-POWER survey. R.A.: research area.

Biopsy samples Blue Fin Sei Bryde’s Humpback Killer Total

Transit from Japan to Eastern Stratum (R.A.) (All High Sea, area code 1) 0 0 5 0 0 0 5
Eastern Stratum (All High Sea, area code 83) 0 0 27 1 0 0 28
Transit from Eastern Stratum (R.A.) to Kushiro (High Sea, area code 1) 0 0 0 0 0 0 0
Transit from Kushiro to Western Stratum (R.A.) (High Sea, area code 2) 0 1 2 0 0 0 3
Western Stratum (All High Sea, area code 82) 13 8 4 0 2 2 29
Transit from Western Stratum (R.A.) to Japan (All High Sea, area code 2) 0 0 0 0 0 0 0

Total 13 9 38 1 2 2 65

Figure 12.　Researchers and crew of the 2020 IWC-POWER 
survey with the Yushin-Maru No. 2 in the back-
ground. The picture was taken during a mid-cruise 
mee�ng in Kushiro.
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the interpreta�on of stock structure of the species.
With the comple�on of this survey, the waters north 

of 40°N between 160°E and 135°W have been covered 
since 2010, with the only excep�on being the Russian 
EEZ. From 2021, it is an�cipated that the IWC-POWER 
program will move toward its second phase, which will 
be designed a�er examining in details the results from 
the first phase.
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ABSTRACT
The Ins�tute of Cetacean Research (ICR) is star�ng the use of the Density Surface Model (DSM), a model-based 
approach, to es�mate abundance of large baleen whales. This is an alterna�ve approach to the design-based 
approach used so far for the same purpose. This paper explains the concepts of DSM, and outlines the poten-
�al u�lity of this approach for the work on whale abundance undertaken by the ICR.

INTRODUCTION

The Ins�tute of Cetacean Research (ICR) conducts 
regular sigh�ng surveys of large whales with the aim 
of es�ma�ng abundance in oceanic regions of interest. 
The basic sigh�ng procedures for this purpose were de-
scribed in Hakamada and Matsuoka (2017). Abundance 
has been es�mated rou�nely by the ‘design-based ap-
proach,’ using the distance sampling method (Thomas 
et al., 2010). Conven�onally, abundance is es�mated by 
equa�on (1) (Buckland et al., 1993; 2001). 

 
E( )

2
An s
wL

  (1)

where,
A is Area size of the survey area,
n is the number of detected whale schools,
E(s) is the expected mean school size,
w is the effec�ve half search width (esw), and
L is the searching distance.

The validity of the abundance es�mator based on 
equa�on (1) relies on the assump�on of a random-
ized survey design (Hedley and Buckland, 2004; Miller 
et al., 2013). In the case that this assump�on is violated, 
an abundance es�mator not requiring a randomized de-
sign is necessary.

Distribu�on of whales may be driven by environmental 
covariates such as sea surface temperature (SST), depth 
and salinity, each of which could vary in space. Rela�on-
ships between environmental covariates and distribu�on 
of specific species is one of the interes�ng topics to inves-
�gate. Spa�al modelling of the whale distribu�on can be 

constructed as a func�on of environmental covariates if 
dependency of the covariates on density of whales is sub-
stan�al. Such constructed spa�al modelling can be used 
to predict distribu�on in areas where the environmental 
covariates are available. Inves�ga�on of environmental 
covariates related to the distribu�on of the species can 
be conducted by selec�ng covariates using sta�s�cal 
criterion.

The two aims of spa�al modelling are i) es�ma�on of 
overall abundance in the area of interest (‘model-based 
approach’), and ii) inves�ga�on of the rela�onship be-
tween density/abundance and environmental covariates 
(Miller et al., 2013). Unlike conven�onal distance sam-
pling (‘design-based approach’), abundance es�mates 
obtained by spa�al modelling do not rely on the survey 
design. Spa�al modelling can be applied to data obtained 
from different sources: pla�orms of opportunity such 
as ferries, fishing boats, incomplete surveys due to bad 
weather or accident, and surveys that were designed 
neither randomly nor systema�cally.

There are many kinds of spa�al modelling. Density Sur-
face Model (DSM) (Miller et al., 2013) is one of them, and 
its use is star�ng to be u�lized at the ICR. The objec�ve of 
this paper is to explain the basic concepts of DSM based 
on Generalized Addi�ve Model (GAM) (Wood, 2006) 
in the context of abundance es�mates of large baleen 
whales. A secondary objec�ve of this paper is to outline 
the future applica�ons of the DSM in the work on whale 
abundance by the ICR.

GENERALIZED ADDITIVE MODEL (GAM)

DSM is expressed using the sta�s�cal model GAM. GAM 
allows the assump�on that distribu�on of response vari-

 



44

Technical Reports of the Ins�tute of Cetacean Research (2021)

ables is an ‘exponen�al family.’ A distribu�on belongs to 
the exponen�al family if its probability density func�on or 
probability mass func�on can be expressed by the formula 

 
{ ( )}( , ) exp ( ,  )( )
yθ b θ

f θ y c y
a
− 

 
 

= + φφ   (2) 

where a, b and c are arbitrary func�ons, ϕ is an arbitrary 
scale parameter and ϑ is known as the canonical param-
eter of the distribu�on (Wood, 2006). Proper�es and ex-
amples of exponen�al families are provided in McCullagh 
and Nelder (1989) and Wood (2006). In this context, GAM 
can model variables that follow not only normal distribu-
�on but also Poisson, binomial, and other distribu�on 
types. For example, the number of counts, probability, 
presence/absence can be used as a response variable in 
GAM. A formula of GAM can be wri�en as: 

 1
1 1(E ( )( ) ( ) )k ky g f x f x−= + +   (3)

where,
y is the response variable,
E(y) is the expecta�on of y,
g−1 is the inverse of link func�on g,
fj(xj) is a smooth func�on of xj.

A spline is a special func�on defined piecewise by poly-
nomials, and is usually used as a smooth func�on in the 
GAM. When fj(xj) is a linear func�on with respect to xj, 
equa�on (3) becomes a Generalized Linear Model (GLM) 
(McCullagh and Nelder, 1989). In this sense, GAM can be 
regarded as an extension of GLM.

BASIC CONCEPT FOR THE CONSTRUCTION OF 
DENSITY SURFACE MODEL (DSM)

There are four steps in construc�ng a DSM from line tran-
sect survey data.

1. Fi�ng detec�on func�on with perpendicular dis-
tance data and other covariates that would affect 
detectability of whale schools.

2. Fi�ng count models in each grid with environmen-
tal covariates data.

3. Predic�on of abundance in each grid in the study 
area using the models constructed above.

4. Summa�on of the predicted abundance in the grid 
over the area of interest.

The abundance es�mate in the study area is obtained 
as follows.

Step 1
The detec�on func�on represents the rela�onship be-
tween the detec�on probability and the perpendicular 

distance. It is assumed that the detec�on probability 
decreases as the perpendicular distance increases. Figure 
1 shows a histogram of rela�ve frequency of detec�on by 
perpendicular distance and es�mated detec�on func�on. 
T is the trunca�on distance (i.e., detec�ons of perpendic-
ular distance more than T are excluded from the analysis). 
Among the animals within T n.miles from the track line, 
the zone below the detec�on func�on represents animals 
actually detected. The red zone represents the animals 
missed. The detec�on func�on predicts probability for 
each detec�on. The propor�on of the former is p, the 
detec�on probability and propor�on of the la�er is 1-p. 
By dividing the number of the detec�ons by the detec�on 
probability p, the number of whales that fail to be detect-
ed can be taken into account (i.e., red zone in Figure 1).

The detec�on func�on derived from Mul� Covariate 
Distance Sampling (MCDS) can be used in this method. 
The advantage of using MCDS is that the effect of covari-
ates on sigh�ng condi�ons, such as Beaufort scale, wind 
speed, and visibility, on the detec�on func�on can be 
assessed. As men�oned later, the detec�on func�on with 
assump�on g(0)<1 can be used in this method.

Step 2
Figure 2 illustrates the division into grids to construct 
count models. As shown in the figure, the track line sur-

Figure 1.　Histogram of rela�ve frequency of detec�ons by in-
tervals of perpendicular distance and plot of detec-
�on func�on (bold curve). The red zone represents 
the propor�on of animal detec�ons missed as com-
pared to the animals in the surveyed area within T 
n.miles from the track line, where T is trunca�on 
distance. Example of the histogram and the detec-
�on func�on models are taken from Hakamada 
et al. (2013).
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veyed were divided into several sec�ons.
The j th grid has a width of 2T and length of Lj. Lj is 

not necessarily constant. The area size of the j th grid is 
Aj=2LjT. The area size should be chosen, such that it is 
small enough to ensure that density in the grid can be 
regarded as almost uniform. The number of the detected 
school in the j th grid is nj. The count model has covariates 
that could change in response to space and other factors 
(e.g., longitude, la�tude, SST, depth, salinity) as explana-
tory variables and the number of counts per unit area size 
as a response variable.

For simplicity, it is assumed that the values of the ex-
planatory variables xjs are available for any posi�on in 
the area of interest. When fi�ng the model, explanatory 
variables in the grid are usually obtained by averaging all 
observed values in the grid. One example of the count 
model can be expressed by: 

 0
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where,
E(nj) is the expected the number of the detec�on in the 
grid j,
Aj is the area size of the grid j as an offset,
pj is the averaged detec�on probability for detected 
schools in the j th grid derived from the detec�on func-
�on constructed in step 1,
b0 is intercept,
k is the number of the explanatory variables, and
fi(xij) is the i th smooth func�on of the i th covariate xij at 
the j th grid.

When the detec�on func�on has covariates on sigh�ng 

condi�on derived by MCDS, it can be considered that pj 
may be different among the grids.

Step 3
The grids for predic�on of abundance are defined in 
order to cover the study area of interest. The shape of 
the grid is usually almost a square. The size of the grid 
should be small enough so that density can be regarded 
as almost uniform. These grids are different from those 
defined in Step 2.

The expected numbers of detec�on (abundance es-
�mate) in the grid can be predicted by using equa�on 
(4), if Aj, pj and xij for all i are available (Figure 3). Aj is the 
area size of the grid j and is clearly available. pj can be 
predicted in all the grids if one of the two following con-
di�ons are sa�sfied. The first is that the covariate of the 
detec�on func�on derived in Step 1 is only the perpen-
dicular distance (in this case, pj is constant for all grids). 
The second is that the detec�on func�on has covariates 
on sigh�ng condi�ons and the value of the covariates are 
available for all the grids. The explanatory variables in the 
grid are usually obtained by averaging all observed values 
in the grid. Thus, abundance es�mate in all the grids can 
be predicted.

Step 4
The predicted abundance es�mate in each grid are to-
taled to obtain the abundance es�mate for the whole 
area of interest. When the shape of the area of interest 
is complex, only a part of the grid belongs to the area for 
some of the grids at the edge of the area. In such case, 
equa�on 4 can be applied to the intersect of the grid and 
the area.

Figure 2.　Illustra�on of the division of track line into grids to construct count models. Black circle indicates a de-
tected whale school. Bold line indicates the track line surveyed. T is trunca�on distance. Lj is the length of 
the track line surveyed in the j th grid. Area size of the j th grid is Aj=2LjT.

Figure 3.　Scheme to predict abundance es�mate in each grid.
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Figure 4 is an illustra�ve map for the predicted abun-
dance in each grid. In this case, the model shows a ten-
dency whereby the predicted abundance is ge�ng higher 
from the right to the le�. For some of the grids, the whole 
of the grid is not included in the area of interest. Predic-
�on can be conducted using the data in the intersect of 
the grid and the area. One of the advantages of predic�ng 
abundance by the grids is that it is easy to calculate the 
abundance es�mate for any subset of the surveyed area 
by summing the predicted abundance over the grids in 
the subset.

Further aspects on DSM
One and two stage approaches
Explana�on in the previous sec�on is based on the two-
stage approach, which means fi�ng DSM and detec�on 
model at each stage. A one-stage approach means fit-
�ng both models simultaneously (Royle et al., 2004). 
The disadvantage of the one-stage approach is that the 
computa�on to es�mate and check is more difficult than 
in the two-stage approach, because both steps must be 
conducted at once. The disadvantage of a two-stage ap-
proach is that to es�mate uncertainty for the abundance 
es�mate, the uncertain�es in the detec�on func�on 
and the spa�al model must be combined appropriately 
(Miller et al., 2013).

Distribution of response variable
In the case of count models, Poisson distribu�on is usu-
ally assumed as the distribu�on of the count. In many 
cases, there is a high propor�on of the grids with zero 
count (i.e., there is no sigh�ngs in the grid), because the 

numbers of grids constructed in Step 2 is larger than the 
numbers of animals detected. Alterna�ve distribu�ons of 
count are, for example, quasi-Poisson, nega�ve binomial 
and Tweedie distribu�on (Tweedie, 1984), which deal 
with the higher propor�on of zero data. The latest ver-
sion of R library dsm, which is so�ware that can conduct 
DSM, can deal with quasi-Poisson, nega�ve binomial and 
Tweedie distribu�on as the distribu�on of a response 
variable (Miller et al., 2021).

Variance estimation
In previous studies on abundance es�mates derived from 
DSM, the variance was es�mated using parametric boot-
strap (Hedley et al., 1999; Hedley and Buckland 2004). 
When the detec�on func�on model and the count model 
are independent, the variance of the abundance can be 
approximated as the sum of variance due to detec�on 
func�on and variance due to count model using delta 
method (Seber, 1982). When the detec�on func�on and 
the count model are not independent, the approxima�on 
by the delta method cannot be applied to es�mate the 
variance of abundance. In this case, variance propaga�on 
can be applied to es�mate the variance of the abun-
dance. Details of the variance propaga�on are provided 
in Bravington et al. (2021).

Evaluation of extrapolation using DSM
When applying DSM to areas outside of the reference data 
(i.e., data used to construct the model), a�en�on should 
be paid to the extrapola�on of DSM (Miller et al., 2013). 
For example, when the DSM that has SST as a covariate is 
fi�ed using data from warm waters in a temperate zone, 
predic�ons for cold waters in the sub-arc�c by the model 
are unlikely to be reliable due to difference in the range 
of SST. Bouchet et al (2020a) reviewed several quan�ta-
�ve extrapola�on diagnos�cs and recommended to use 
two of them, principally, the percentage of data nearby, 
%N (King and Zeng, 2007) and the Extrapola�on Detec-
�on, ExDet (Mesgaran et al., 2014), as standard tools for 
assessing extrapola�on in abundance models. %N is a 
metric that represents how close the data for extrapola-
�on and the reference data are. The higher the %N is, 
the more reliable the extrapola�on is. ExDet is a metric 
that characterizes both univariate and combinatorial ex-
trapola�on and provides geographical distribu�on of the 
most influen�al covariate among the covariates (Bouchet 
et al., 2020a). Assessment of extrapola�on using the two 
metrics can be implemented by dsmextra library of R 
(Bouchet et al., 2020b).

Figure 4.　Illustra�ve example of a map for the predicted 
abundance in each grid. Strong red indicates high 
density and strong blue indicates low density. Green 
line indicates the boundary of the area of interest.
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POTENTIAL UTILITY OF THE DSM FOR THE WORK 
ON WHALE ABUNDANCE BY THE INSTITUTE OF 
CETACEAN RESEARCH

The model-based approach can be applied to the case of 
Antarc�c minke whales and common minke whales in the 
western North Pacific. These are two of the target species 
for abundance research by the ICR.

In the case of Antarc�c minke whales, the abundance 
es�ma�on in polynyas is problema�c. The pack ice pre-
vents the research vessels entering the polynyas. The 
shape of the polynyas is o�en complex and narrow, 
therefore a random and/or systema�c survey design can-
not be realized even if pla�orms other than the vessel 
(e.g., drone) are used for the survey. In such cases, the 
data obtained can be used to es�mate abundance based 
on DSM.

The common minke whales in the western North 
Pacific are distributed in the Okhotsk Sea, the western 
North Pacific Ocean and the Sea of Japan. Some areas 
of the distribu�on of this species cannot be surveyed, 
because they are in the Exclusive Economic Zone (EEZ) of 
third countries, from which permits are difficult to obtain. 
This situa�on results in underes�ma�on of the abun-
dance because not all areas of distribu�on of the species 
or stock are covered. If some environmental data in the 
unsurveyed areas are available, extrapola�on by model-
based approach can be applied. This study would be 
ambi�ous and challenging, because it is difficult to obtain 
reliable DSM given that the ranges of environmental co-
variates in areas where the DSM was extrapolated would 
be expected to be different from the reference data (i.e., 
the data used to construct the model). However, the reli-
ability of the extrapola�on can be evaluated using the 
indices men�oned above. By assessing condi�ons under 
which models are likely to fail or succeed in extrapola�on 
through this exercise, a be�er understanding of distribu-
�on pa�erns and their underlying drivers for this species 
may be obtained (Yates et al., 2018).

The latest version of R library dsm can deal with de-
tec�on func�on derived from mark-recapture distance 
sampling (MRDS) that allows g(0)<1 (Miller et al., 2021). 
Concept and example of such detec�on func�on derived 
from the MRDS are provided in Takahashi (2019). From 
this update, DSM derives abundance es�mates that con-
sider g(0) es�mate. This is par�cularly relevant for spe-
cies that cannot be detected due to their behavior and 
whose distribu�on is driven by environmental covariates 
varying in space. DSM that allows g(0)<1 can be applied 
to whales, such as common minke whales and Antarc�c 

minke whales, whose g(0) es�mates have been shown to 
be less than 1 in previous studies (Okamura et al., 2010; 
Okamura and Kitakado, 2012).
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ABSTRACT
The findings from a review of the biological and ecological informa�on of the J stock common minke whale 
held at the Ins�tute of Cetacean Research are summarized in this paper. Informa�on reviewed included 
spa�al/temporal distribu�on, morphology, morphometrics, reproduc�ve characteris�cs, feeding ecology, 
environmental pollutants, and ecological markers, based on the individuals of this stock iden�fied by gene�c 
markers. Results of this review confirm biological and ecological differen�a�on of the J stock within the North 
Pacific common minke whale, and corroborate the view that this stock should be managed independently.

INTRODUCTION

In the western North Pacific, at least two biological stocks 
of common minke whales Balaenoptera acutorostrata 
are known to exist: the Okhotsk Sea-West Pacific (O 
stock) and the Sea of Japan-Yellow Sea-East China Sea (J 
stock) (Omura and Sakiura, 1956; Ohsumi, 1977; 1983). 
The two stocks are differen�ated in morphological and 
reproduc�ve characteris�cs (Omura and Sakiura, 1956; 
Ohsumi, 1977; Kato, 1992), as well in gene�cs (Wada and 
Numachi, 1991 for allozymes; Goto and Pastene, 1997 for 
mtDNA; and Kanda et al., 2009a; b for microsatellites), 
sugges�ng their reproduc�ve isola�on. The Interna�onal 
Whaling Commission (IWC) had proposed some boundar-
ies for these stocks (Donovan, 1991).

Previous gene�c studies showed that both stocks mix 
with each other spa�ally and temporally in the southern 
part of the Okhotsk Sea (northern Hokkaido) (Wada, 1991; 
Pastene et al., 1998). Since then, a substan�al number of 
gene�c samples of western North Pacific common minke 
whales became available, and modern and more power-
ful gene�c markers have been applied to those samples in 
recent years. The applica�on of such markers to the new 
samples enabled finer studies on stock structure of this 
species in this ocean basin (Pastene et al., 2016a; b).

In recent years microsatellite DNA data from a substan�al 
number of gene�c samples of common minke whales in the 
western North Pacific have been used in gene�c analyses for 
individual assignment, for example, by using the program 
STRUCTURE (Pritchard et al., 2000). Gene�c individual iden-
�fica�on has allowed the study of several biological and eco-

logical aspects separately for both J and O stocks common 
minke whales. The objec�ve of this document was to review 
the biological and ecological informa�on accumulated on 
the J stock based on these approaches.

INDIVIDUAL IDENTIFICATION BASED ON MICRO-
SATELLITE DNA ANALYSES

Microsatellite DNA data and the program STRUCTURE 
version 2.0 (Pritchard et al., 2000) were used to deter-
mine the most likely number of gene�cally dis�nct stocks 
present in the samples of common minke whales in the 
western North Pacific. The program is a model-based 
clustering method for inferring stock structure (K, the 
number of stocks in the model) using mul�locus geno-
type data with and without informa�on on sampling loca-
�ons. Individual assignment was conducted for the most 
plausible K using the es�mated individual propor�on of 
membership probability. The ancestry model used for the 
simula�on was the admixture model, which assumes in-
dividuals may have mixed ancestry. The allele frequency 
model used was the correlated allele frequencies model, 
which assumes frequencies in the different stocks are 
likely to be similar due to migra�on or shared ancestry.

Further details of the gene�c analyses on individual 
iden�fica�on of common minke whales can be found in 
Goto et al. (2017).

BIOLOGICAL AND ECOLOGICAL CHARACTERIZA-
TION OF THE J STOCK

Several biological and ecological studies have been con-
ducted based on gene�cally-iden�fied J stock individuals. 
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Descrip�on of the results of the main focal points are 
presented in this sec�on (Table 1).

Distribu�on and movement
Spatial distribution along the Japanese coast
As shown in Figure 1, almost all of the individuals col-
lected from the Sea of Japan side belong to the J stock, 

whereas almost all of the individuals from the offshore 
North Pacific belong to the O stock. The southern part 
of the Pacific side of Japan was mainly occupied by the 
J stock. Northern Hokkaido and the northern part of the 
Pacific side of Japan represent areas where both stocks 
overlap geographically.

Table 1　
Summary of different biological and ecological studies of the J stock common minke whales including focal points, samples used and 
key references. JARPN: Japanese Whale Research Program under Special Permit in the western North Pacific; JARPNII: JARPN Phase II; 
NEWREP-NP: New Scien�fic Whale Research Program in the western North Pacific.

Focal points Samples/Years/Sources References

Distribu�on and movement
Spa�al distribu�on n=4,275 (1994 to 2014), JARPN/JARPNII; bycatch Goto et al. (2017)
Temporal distribu�on n=2,522 (2001 to 2014), JARPNII; bycatch Goto et al. (2017)
Distance from the coastal line n=986 (1994 to 2007), JARPN/JARPNII; bycatch Kanda et al. (2010)

Morphology and morphometry
Flipper color pa�ern n=220 (2012 and 2013), JARPNII Nakamura et al. (2016)
Fluke color pa�ern n=164 (2007), JARPNII Nagatsuka (2008; 2010)
Morphometry n=500 (2000 to 2007), JARPN/JARPNII Hakamada and Bando (2009)

Reproduc�on
Concep�on date n=107 (1994 to 2007), JARPN/JARPNII Bando et al. (2010a)

Feeding ecology
Stomach contents n=742 (1996 to 2018), JARPN/JARPNII; NEWREP-NP Present study

Ecological markers
Total Hg levels n=59 (2012 and 2013), JARPNII Yasunaga and Fujise (2016)
Cookie cu�er shark scar n=1,037 (2002 to 2007), JARPN/JARPNII Bando et al. (2010b)

Figure 1.　Spa�al occurrence of O and J stocks common minke whales in waters around Japan based on gene�c indi-
vidual iden�fica�on (modified a�er Goto et al., 2017).
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Temporal distribution along the Pacific coast of Japan
In the southern part of the Pacific side of Japan, the J 
stock was predominant throughout the year (around 80% 
in propor�on). In the Northern part of the Pacific side of 
Japan, the propor�on of the J stock increased in autumn/
winter and decreased in spring/summer. Conversely, the 
propor�on of O stock decreased in autumn/winter and 
increased in spring/summer. The fact that the J stock 
is distributed in the southern part of the Pacific side of 
Japan throughout the year suggests that the Kuroshio 
Current—one of the strongest west-boundary currents 
of the subtropical gyre—is serving as the stock boundary 
between O and J stocks (Goto et al., 2017).

Distance from the coastal line
In terms of the distance from the Japanese coastal line 
in the North Pacific side e.g., sub-area 7W (sub-areas 
Ba and Bb in Figure 1), the propor�on of the common 
minke whales was different between the J and O stocks 
(Figure 2). The propor�on of the J stock whales decreased 
from coastal areas towards offshore areas. Such a clinal 
distribu�on supports the mixing of the two stocks in sub-
area 7W.

Migratory routes
The migratory routes to feeding areas of adult and juve-
nile J stock animals are schema�cally shown in Figure 3. 
Migratory routes to breeding areas are assumed to be 
the reverse in the case of adults. Adult animals were as-
sumed to migrate northward and southward for feeding 
and breeding, respec�vely, through the central corridor 
of the Sea of Japan. The northward migra�on limit was 
not clear at this stage because there were no gene�c 
samples available from the central and northern parts of 
the Okhotsk Sea. In the case of juveniles, it was assumed 
that they were making short northward and southward 

migra�ons along the coastal area for feeding because 
bycatch juvenile animals were observed throughout the 
year on the Japanese coast.

Morphology and morphometry
Morphology
Nakamura et al. (2016) studied the unique white patch 
on the flipper of whales sampled by JARPNII during 2012 
and 2013 to elucidate stock differences. They focused on 
the morphological differences in the size and pa�ern of 
the white patch on the flipper of each whale. The length 
of the white patch along the anterior (ventral) margin 
of the flipper tends to be propor�onally smaller in the 
J stock. The pa�ern of the boundary area of the white 
patch named as the ‘Grayish Accessary Layer (GAL)’ was 
remarkably different between the two stocks (Figure 4). 
Among animals with ‘no GAL’ type, 94% were J stock. 
Conversely, 96% of the animals with GAL expanding over 
the half the flipper width were O stock.

Fluke color pattern
Nagatsuka (2008) found that common minke whales had 
different black and white pa�erns on the underside of 
their flukes. She then separated the sampled whales into 
three different fluke color types (Figure 5). Differences 

Figure 2.　Propor�on of the minke whales assigned to the J 
and O stocks collected from sub-area 7W by the 
distance from the Japanese coastal line (a�er Kanda 
et al., 2010).

Figure 3.　Assumed feeding migra�on route of J stock animals 
(modified a�er Hatanaka and Miyashita, 1997 and 
Goto et al., 2010). Solid line: mature, do�ed line: 
immature.
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in the frequencies of these three types were observed 
between the individuals assigned gene�cally as J and O 
stocks sampled during the 2007 JARPNII coastal and off-
shore surveys (Nagatsuka, 2010). The frequencies of the 

three types were recalculated for the samples collected 
only from sub-area 7W (Figure 5). The frequencies were 
different between the individuals assigned to J and O 
stocks (p<0.001).

Figure 6.　External measurements of western North Pacific common minke whales examined for compara�ve stock 
analyses (a�er Hakamada and Bando, 2009). Measurements V3, V4, V7, V10 and V11 showed significant 
differences in morphometrics between J and O stocks.

Figure 4.　Characteris�cs of the white patch along the ventral part of the flipper in common minke whales from the 
western North Pacific. The pictures show the basis for the classifica�on based on the GAL types (GAL: sur-
rounded by do�ed line) (a�er Nakamura et al., 2016).

Figure 5.　Propor�on of the minke whales assigned to J and O stock collected from sub-area 7W by the fluke color 
pa�ern, and diagram of the fluke color pa�ern (a�er Kanda et al., 2010).
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Morphometry
Hakamada and Fujise (2000) examined the difference 
between the J and O stocks, using the external mea-
surement data obtained during the 1994–1999 JARPN 
surveys. Significant differences were observed between 
the two stocks, especially that J animals exhibited shorter 
lower body than O stock animals. Hakamada and Bando 
(2009) examined morphometric data of common minke 
whales sampled by JARPNII to inves�gate the differences 
between J and O stocks (Figure 6). Analysis of covariance 
(ANCOVA) using body length as a covariate was used to 
test if there were significant differences in morphometric 
measurements among the groups compared. Measure-

ments V3, V4, V7, V10 and V11 showed significant differ-
ences in morphometrics between J and O stocks.

Reproduc�on
Conception date
Bando et al. (2010a) examined the distribu�on of con-
cep�on dates of J and O stock animals collected from the 
coastal area of western North Pacific (sub-area 7W) and 
the Okhotsk Sea (sub-area 11) during 1994–2007 JARPN/
JARPNII surveys (Figure 7). In sub-area 7W the concep-
�on date of the J stock was in August (n=1) and January 
(n=2); in sub-area 11 they were distributed between Oc-
tober and March (n=8). These results suggested that the 

Figure 7.　Seasonal distribu�on of concep�on dates of the J and O stock common minke whales in ten-day periods 
(a�er Bando et al., 2010a).

Figure 8.　Yearly and geographical change of main prey species of J stock common minke whales.
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concep�on period of the J stock extends from autumn to 
winter. However, the sample sizes are too small to reach a 
defini�ve conclusion.

Feeding ecology
The feeding ecology of common minke whales around 
Japan has been examined in previous published papers 
(Kasamatsu and Tanaka, 1992; Tamura and Fujise, 2002; 
Konishi et al., 2009). However, there have been few pub-
lished papers specifically on the feeding habits of J stock 
common minke whales. Results of the analyses of ge-
ne�cally iden�fied J stock individuals showed that these 
whales fed on various prey species such as Pacific krill 
(Euphausia pacifica), Japanese sandlance (Ammodytes 
personatus), Japanese anchovy (Engraulis japonicus), 
Pacific saury (Cololabis saira), walleye pollock (Gadus 
chalcogrammus), and Japanese common squid (Toda-
rodes pacificus), and that the main prey species changed 
both yearly and geographically (Figure 8). These results 
suggested that J stock common minke whales appear to 

be an opportunis�c feeder, changing their prey species in 
response to prey availability.

Environmental pollutant (total Hg levels)
Yasunaga and Fujise (2016) compared the accumula�on pat-
terns of total Hg concentra�ons in muscle and liver between 
J and O stocks of common minke whales. The analyses were 
based on 35 O stock and 24 J stock immature animals taken 
from sub-area 7W in the 2012 and 2013 JARPNII surveys 
(Figure 9). Mul�ple linear regression analyses in total Hg 
concentra�ons of the whales adjusted for confounders (age 
index, sex, blubber thickness and year) showed no discern-
ible effect between the two stocks. Results suggested that 
there is no stock-dependent difference of total Hg and that 
there is no exposure risk among the common minke whales 
from the coastal waters of Japan.

Ecological markers
Cookie cutter shark scar
Bando et al. (2010b) inves�gated cookie cu�er shark-

Figure 10.　Three types of cookie cu�er shark-induced scars in common minke whales. J stock animals had fewer 
scars than O stock animals.

Figure 9.　Rela�onship between Hg concentra�ons (ppm wet wt.) in muscle in rela�on to age (le�) and Hg concentra-
�on in liver in rela�onship to age (right) in common minke whales from sub-area 7W (a�er Yasunaga and 
Fujise, 2016).
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induced scars as an ecological marker to determine stock 
structure in western North Pacific common minke whales 
collected by JARPNII surveys during 2002–2007. Three 
types of common minke whales were iden�fied from the 
density of scars (Figure 10). Prevalence of scars differed 
clearly between J and O stock animals. However, this 
ecological marker cannot be considered as an absolute 
marker to differen�ate the two stocks as evidenced in 
Table 2. J stock animals had fewer scars than O stock 
animals. In both stocks, prevalence increased with body 
length, and almost all animals of more than 7 m in body 
length had scars. Nevertheless, these results were consis-
tent with the occurrence of the two stocks J and O, the 
former with fewer scars distribu�ng in coastal areas while 
the la�er with more scars distribu�ng in both coastal and 
offshore areas.

SUMMARY

Table 3 shows a summary of the biological and ecological 
characteris�cs of J stock individuals. The individual iden-
�fica�on by the gene�c markers has been very useful in 
looking for stock characteriza�on and differences in sev-
eral traits, such as distribu�on and movement, morphol-
ogy and morphometry, reproduc�on, feeding ecology 
and environmental pollutant, as presented in this paper. 
Except for feeding ecology and environmental pollutant 
(total Hg levels), these traits indicate that J stock individu-
als are biologically and ecologically dis�nguished from O 

Table 2　
Types of cookie cu�er shark-induced scars in common minke 
whales in the coastal areas of western North Pacific off sub-area 
7W (North: off Hokkaido, South: off Sanriku) and Pacific offshore 
area (sub-areas 8 and 9) (modified from Bando et al., 2010b).

Sub-
area

Type of scar
Microsatellite DNA

O ? J

7W 
North

Type 1 None 0 2 17
Type 2 1–20 scars 14 5 31
Type 3 more than 20 scars 291 31 5

Total 305 38 53

7W 
South

Type 1 None 0 3 19
Type 2 1–20 scars 10 5 22
Type 3 more than 20 scars 213 25 2

Total 223 33 43

8

Type 1 None 0 0 0
Type 2 1–20 scars 3 1 0
Type 3 more than 20 scars 95 11 0

Total 98 12 0

9

Type 1 None 0 0 0
Type 2 1–20 scars 4 1 0
Type 3 more than 20 scars 203 23 1

Total 207 24 1

Table 3　
Summary of the studies on biological and ecological characteris�cs of the gene�cally iden�fied individuals of J stock common minke 
whales reviewed in this study.

Focal point Characteris�c

Spa�al distribu�on Whales occupy the Sea of Japan side and the southern part of the Pacific side of Japan; they over-
lapped geographically with O stock in northern Hokkaido and the northern part of the Pacific side 
of Japan.

Temporal distribu�on Whales are predominant throughout the year in the southern part of the Pacific side of Japan. 
Their propor�on increases in autumn/winter and decreases in spring/summer in the Northern 
part of the Pacific side of Japan.

Distance from the coastal line Their propor�on decreases from coastal areas towards offshore.
Flipper color pa�ern Characterized for almost no GLA in their flippers in comparison with the O stock (Figure 4).
Fluke color pa�ern Characterized by a higher propor�on of white color in flukes in comparison with the O stock (Figure 5).
Morphometry Characterized by short lower body in comparison with the O stock.
Concep�on date Most likely extends from autumn to winter.
Feeding ecology Feed on various prey species such as krill, schooling pelagic fishes, and Japanese common squid. 

They appear to be an opportunis�c feeder changing their prey species in response to prey avail-
ability in their feeding ground.

Environmental pollutant (total 
Hg levels)

Levels are similar to those of the O stock animals in the coastal waters of Japan. Levels suggest 
that the health risk is low.

Cookie cu�er shark scar Fewer scars in comparison with the O stock (Figure 10).
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stock individuals. The J stock can be defined as a group 
of individuals sharing a common gene pool maintained 
by random ma�ng and should therefore be managed 
independently.
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ABSTRACT
The Ins�tute of Cetacean Research (ICR) has been engaged in collec�ng and analyzing cetacean stranding 
records along the coast of Japan for a number of years. Stranding records are reported to the ICR voluntarily 
by the general public as well as staff from local governments, universi�es, aquariums and museums. In this 
document, the stranding record ac�vi�es of the ICR are described briefly. A total of 4,275 individual records 
involving toothed and baleen whales were made during 1996–2015. Of these, 297 related to baleen whale 
species and 3,943 to toothed whale species. In 35 cases the species could not be determined due to insuf-
ficient morphological informa�on or evidence from gene�c analysis. When possible, samples and data have 
been collected from stranded cetaceans and used in different studies.

INTRODUCTION

Cetaceans can become stranded along the coast line 
due to a variety of reasons. They can be stranded alive 
or found dead a�er dri�ing to the shore. A mass strand-
ing is defined as two or more individuals (excluding 
parent-calf pairs) stranded in the same loca�on at the 
same �me (Geraci and Lounsbury, 2005). This kind of 
stranding is common in a few species of toothed whales 
that strand in groups of 15 to 100 or more (Geraci and 
Lounsbury, 2005). There are records of at least 19 spe-
cies of toothed whales and four species of baleen whales 
related to mass stranding events (Mar�n et al., 1990). 
While mass stranding is generally rare in baleen whales, 
one excep�on is the mass stranding of sei whales that 
occurred in the Chilean Central Patagonia region in early 
2015 (Häussermann et al., 2017).

As a review study by Sergeant (1982) shows, there are 
a variety of possible reasons for stranding. Cetaceans can 
dri� to the shore as a result of natural death. In many 
cases, calves separate from their parents and become 
stranded. In other cases, animals can be stranded due to 
weakness or diseases. Some of the diseases are caused 
by virus (Hinshaw et al., 1986; Groch et al., 2020), bac-
teria (Guzmán-Verri et al., 2012), or parasite infec�ons 
(Bowater et al., 2003). In addi�on, whales may become 
lost due to the influence of wind, �de, or ocean currents 
and become beached or dri� into harbors. In some cases, 
whales have been stranded because of man-made causes, 
such as entanglement or ship strike. The mass stranding 
of beaked whales has been related to mid-frequency ac-

�ve sonar (Piantadosi and Thalmann, 2004; Bernaldo de 
Quirós et al., 2019). Further, some mass stranding events 
have been related to the geomagne�c field.

Cetacean stranding provides biologists with a wide 
range of informa�on. This includes gene�c samples for 
addressing taxonomic ques�ons (Wada et al., 2003; 
Yamada et al., 2019; Rosel et al., 2021), and biological 
samples for pathological (Hinshaw et al., 1986; Bowater 
et al., 2003; Guzmán-Verri et al., 2012) and environmen-
tal pollutant studies (Law et al., 2012; Bowater et al., 
2003; Garcia-Cegarra et al., 2021). Also, data and samples 
have been used in popula�on studies (Pel�er et al., 
2012; 2013). Necropsies provide informa�on to ascertain 
possible causes of death. A recent study based on strand-
ing inves�gated microplas�cs inges�on (Burkhardt-Holm 
and N'Guyen, 2019). Analyses of stranding data allow the 
assessment of the impact of human ac�vi�es on ceta-
ceans (e.g., fishing gear entanglement, ship strikes, etc.).

In this document, the stranding record ac�vi�es of the 
Ins�tute of Cetacean Research (ICR) are described briefly.

STRANDING RECORD HELD AT THE ICR

Network
ICR has been collec�ng whale stranding records along the 
coast of Japan for a number of years. Stranding events 
can be reported by volunteers from the general public, 
local governments, universi�es, aquariums and muse-
ums. There is an established protocol and as well as a 
data sheet form available for providing stranding informa-
�on to the ICR.
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Protocol for data recording and species iden�fica�on
The objec�ve of this protocol is to facilitate and standard-
ize the collec�on of data and samples from stranded ani-
mals. Such samples and data can be useful in understand-
ing the reasons for the stranding as well as being useful in 
different research ac�vi�es. The data sheet in Appendix 
1 is a key part of the protocol, and show the basic items 
on data and samples to be collected. This form should be 
completed for each stranding event. Collec�on of sam-
ples are avoided when animals are found alive or when 
there are any safety concerns (Ishikawa and Ogino, 2001).

The collec�on of gene�c samples is important because 
subsequent gene�c analyses allow the confirma�on of 
the species iden�ty of the stranded animal. Furthermore, 
such gene�c samples can be added to a larger collec�on 
of samples at the ICR, contribu�ng to other studies a such 
as taxonomy and stock structure of the species involved.

Database
The basic informa�on of stranding events recorded in the 
form in Appendix 1 is stored electronically in an Excel file. 
When the exact loca�on in terms of la�tude and longi-
tude is not provided, geographic coordinates are assigned 
using geocoding from the address submi�ed. Only the 
cases where the species iden�ty has been confirmed are 
added to the Excel file. The Excel file is updated annually 
and is upload to the ICR site h�ps://www.icrwhale.org/
zasho2.html (accessed 2021-09-30).

Sample storage
Samples for gene�cs analysis are kept in 99% ethanol in 
a sealed bo�le that is pre-labeled and stored at room 

temperature (Figure 1). Other types of samples are kept 
in a frozen state.

NUMBER OF STRANDING EVENTS

Between 1996 and 2015 a total of 4,275 cetacean individ-
uals were recorded in the ICR database related to strand-
ing events (Table 1). Most of the cases corresponded to 
toothed whales.

EXAMPLES OF STRANDING RECORDS

The first example is on a large baleen whale found 
stranded on 1 April 2003 at Hitachi City, on the Pacific 
coast of Ibaraki prefecture, Japan (36°39ʹN, 140°42ʹE). 
Local authori�es towed the carcass (via sea) to a sandy 
shore area within the Kawajiri Harbor, where the whale 
was buried. Prior to burial, however, biological research 
was conducted by staff of the Ibaraki Prefectural Oarai 
Aquarium, Ibaraki Nature Museum, Na�onal Museum 

Figure 1.　Storage samples for gene�cs analysis.

Table 1　
Number of stranded cetaceans recorded in the ICR database during 1996–2015.

Suborder Family Events Individuals
Gene�c samples  

(percentage of individuals)

Mys�ce� (Baleen whales) Balaenidae 7 7 6 (85.7)
Balaenopteridae 264 264 115 (43.6)
Eschrich�idae 4 4 2 (50.0)
Unknown 1) 22 22 6 (27.3)

Odontoce� (Toothed whales) Delphinidae 577 1,357 86 (6.3)
Kogiidae 143 156 24 (15.4)
Phocoenidae 1,763 1,777 161 (9.1)
Physeteridae 123 139 27 (19.4)
Ziphiidae 259 265 75 (28.3)
Unknown 1) 235 249 15 (6.0)

Unknown 1) 35 35 1 (2.9)

1) The cetacean could not be iden�fied to the family level because extreme decomposi�on and/or lack of gene�c samples.
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of Nature Science and ICR. The procedure followed the 
protocol and the Stranding Recording Form (Appendix 1) 
was used to take photographs and collect biological �s-
sue samples (Figure 2).

The whale was morphologically iden�fied as a male 
North Pacific right whale with a body length of 12.95 m 
and body weight of approximately 33,000 kg. Three years 
a�er its burial, the carcass was cleaned, and the skeleton, 
together with relevant informa�on, were displayed for 
educa�onal purpose at the Ibaraki Prefectural Oarai 
Aquarium in January 2006.

The second example is that of a whale found stranded 
on 14 May 2015 in a decomposed state in the city of Taka-
hagi (Figure 3). Ibaraki Prefectural Oarai Aquarium inves-
�gated the carcass and completed the sheet in Appendix 
1, which was sent to ICR together with a skin sample for 
gene�c analysis. The length of the whale was 4.6 m. Due 

to the advanced state of decomposi�on, only subsequent 
mitochondrial DNA (mtDNA) analyses were able to iden-
�fy the animal as a North Pacific common minke whale.

Gene�c analyses on stock structure have been con-
ducted based on gene�c samples from stranded whales. 
For example, Pastene et al. (in review) used mtDNA 
analyses for inves�ga�ng the stock structure of western 
and eastern North Pacific right whales. The western 
samples included a number of stranded whales along the 
Japanese coast. Results of the analyses were consistent 
with the hypothesis that separate popula�ons inhabit the 
eastern and western North Pacific Ocean respec�vely.

As shown in these cases, gene�c samples from strand-
ed animals make valuable contribu�ons to the gene�c 
analyses for species iden�fica�on/confirma�on, and to 
studies on stock structure.

Figure 2.　Inves�ga�on of a stranded North Pacific right whale.

Figure 3. A stranded baleen whale. Subsequent gene�c analyses iden�fied the animal as a North Pacific common 
minke whale.



Stranding record ac�vi�es at the Ins�tute of Cetacean Research

61

ACKNOWLEDGEMENTS

We thank Tsutomu Tamura (ICR) for his comments per-
taining to this manuscript. We also express our gra�tude 
to those working on stranding records and the contribu-
tors of informa�on. Thanks also to Luis A. Pastene (ICR) 
for his assistance in preparing this manuscript.

REFERENCES

Bernaldo de Quirós, Y., Fernandez, A., Baird, R.W., Brownell 
Jr, R.L., Aguilar de Soto, N., Allen, D., Arbelo, M., Arregui, 
M., Cos�dis, A., Fahlman, A., Frantzis, A., Gulland, F.M.D., 
Iñíguez, M., Johnson, M., Komnenou, A., Koopman, H., Pabst, 
D.A., Roe, W.D., Sierra, E., Tejedor, M. and Schorr, G. 2019. 
Advances in research on the impacts of an�-submarine sonar 
on beaked whales. Proc. R. Soc. B 286: 20182533.

Bowater, R.O., Norton, J., Johnson, S., Hill, B., O’Donoghue, P. 
and Prior, H. 2003. Toxoplasmosis in Indo-Pacific humpbacked 
dolphins (Sousa chinensis), from Queensland. Aust Vet J  
81 (10): 627–632.

Burkhardt-Holm, P. and N’Guyen, A. 2019. Inges�on of micro-
plas�cs by fish and other prey organisms of cetaceans, exem-
plified for two large baleen whale species. Marine Pollution 
Bulletin 144: 224–234.

Garcia-Cegarra, A.M., Jung, J.L., Orrego, R., Padilha, J.A., Malm, 
O., Ferreira-Braz, B., Santelli, R.E., Pozo, K., Pribylova, P., 
Alvarado-Rybak, M., Azat, C., Kidd, K.A., Espejo, W., Chiang, 
G. and Bahamonde, P. 2021. Persistence, bioaccumula-
�on and ver�cal transfer of pollutants in long-finned pilot 
whales stranded in Chilean Patagonia. Science of the Total 
Environment 770: 145259.

Geraci, J.R. and Lounsbury, V.J. 2005. Marine mammals ashore: 
a field guide for strandings. 2nd Edition. Na�onal Aquarium in 
Bal�more, MD. 371 pp.

Groch, K.R., Díaz-Delgado, J., Santos-Neto, E.B., Ikeda, J.M.P., 
Carvalho, R.R., Oliveira, R.B., Guari, E.B., Flach, L., Sierra, 
E., Godinho, A.I., Fernández, A., Keid, L.B., Soares, R.M., 
Kanamura, C.T., Favero, C., Ferreira-Machado, E., Sacristán, 
C., Porter, B.F., Bisi, T.L., Azevedo, A.F., Lailson-Brito, J. and 
Catão-Dias, J.L. 2020. The pathology of cetacean morbil-
livirus infec�on and comorbidi�es in Guiana dolphins during 
an unusual mortality event (Brazil, 2017–2018). Veterinary 
Pathology 57 (6): 845–857.

Guzmán-Verri, C., González-Barrientos, R., Hernández-Mora, 
G., Morales, J.A., Baquero-Calvo, E., Chaves-Olarte, E. and 
Moreno, E. 2012. Brucella ceti and brucellosis in cetaceans. 
Front. Cell. Infect. Microbiol. 2: 3.

Häussermann, V., Gutstein, C.S., Bedington, M., Cassis, D., 
Olavarria, C., Dale, A.C., Valenzuela-Toro, A.M., Perez-Alvarez, 
M.J., Sepúlveda, H.H., McConnell, K.M., Horwitz, F.E. and 

Försterra, G. 2017. Largest baleen whale mass mortality dur-
ing strong El Niño event is likely related to harmful toxic algal 
bloom. PeerJ 5: e3123.

Hinshaw, V.S., Bean, W.J., Geraci, J., Fiorelli, P., Early, G. and 
Webster, R.G. 1986. Characteriza�on of two influenza A vi-
ruses from a pilot whale. J. Virol. 58 (2): 655–656.

Ishikawa, H. and Ogino, M. 2001. Rescue of live stranding—
Considera�on in the case of large whale stranding in Japan—. 
Nihonkai Cetology 11: 21–29 (in Japanese with English  
abstract).

Law, R.J., Barry, J., Barber, J.L., Bersuder, P., Deaville, R., Reid, 
R.J., Brownlow, A., Penrose, R., Barne�, J., Loveridge, J., 
Smith, B. and Jepson, P.D. 2012. Contaminants in cetaceans 
from UK waters: status as assessed within the Cetacean 
Strandings Inves�ga�on Programme from 1990 to 2008. 
Marine Pollution Bulletin 64 (7): 1485–1494.

Mar�n, A.R., Donovan, G.P, Leatherwood, S., Hammond, P.S., 
Ross, G.J.B., Mead, J.G., Reeves, R.R., Hohn, A.A., Lockyer, 
C.H., Jefferson, T.A. and Webber, M.A. 1990. Whales and dol-
phins. Salamander Books Ltd., London. 192 pp.

Pastene, L.A., Taguchi, M., Lang, A., Goto, M. and Matsuoka, K. 
(in review). Popula�on gene�c structure of North Pacific right 
whales. Marine Mammal Science.

Pel�er, H., Dabin, W., Daniel, P., Van Canneyt, O., Dorémus, G., 
Huon, M. and Ridoux, V. 2012. The significance of stranding 
data as indicators of cetacean popula�ons at sea: Modelling 
the dri� of cetacean carcasses. Ecological Indicators 18: 
278–290.

Pel�er, H., Baagøe, H.J., Camphuysen, K.C., Czeck, R., Dabin, 
W., Daniel, P., Deaville, R., Haelters, J., Jauniaux, T., Jensen, 
L.F., Jepson, P.D., Keijl, G.O., Siebert, U., Van Canneyt, O. and 
Ridoux, V. 2013. The stranding anomaly as popula�on indi-
cator: the case of harbour porpoise Phocoena phocoena in 
North-Western Europe. PLoS ONE 8 (4): e62180.

Piantadosi, C.A. and Thalmann, E.D. 2004. Pathology: whales, 
sonar and decompression sickness. Nature 428 (6984): 1.

Rosel, P.E., Wilcox, L.A., Yamada, T.K. and Mullin, K.D. 2021. A 
new species of baleen whale (Balaenoptera) from the Gulf of 
Mexico, with a review of its geographic distribu�on. Marine 
Mammal Science 37 (2): 577–610.

Sergeant, D.E. 1982. Mass strandings of toothed whales (odon-
toce�) as a popula�on phenomenon. Sci. Rep. Whales Res. 
Inst. 34: 1–47.

Wada, S., Oishi, M. and Yamada, T.K. 2003. A newly discovered 
species of living baleen whale. Nature 426 (6964): 278–281.

Yamada, T.K., Kitamura, S., Abe, S., Tajima, Y., Matsuda, A., 
Mead, J.G. and Matsuishi, T.F. 2019. Descrip�on of a new spe-
cies of beaked whale (Berardius) found in the North Pacific. 
Sci Rep 9 (1): 12723.



62

Technical Reports of the Ins�tute of Cetacean Research (2021)

Appendix 1.



Stranding record ac�vi�es at the Ins�tute of Cetacean Research

63



64

Technical Reports of the Ins�tute of Cetacean Research (2021)　pp. 64–67

Technical Report-Note (not peer reviewed)

Development of an Unmanned Aerial Vehicle (UAV) and u�lity for  
the research work of the Ins�tute of Cetacean Research
Koji Matsuoka* and Takashi Yoshida

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

*Contact e-mail: matsuoka@cetacean.jp

The usage of drones is increasing for the observa�on and 
research of wild animals including the cetaceans. Drones 
are replacing helicopters and small airplanes which require 
airfield for departure and arrival. The key characteris�cs of 
drones are their small sizes and maneuverability. Further-
more, they can be operated from the pla�orm of vessels. 
This increases their u�lity in difficult environments that are 
o�en encountered in cetacean research ac�vi�es. Whale 
research using drones has already begun (e.g., Hodgson 
et al., 2017), and they are used for various observa�on pur-
poses in the polar regions (e.g., Funaki et al., 2014).

The Ins�tute of Cetacean Research (ICR) has acquired 
some commercially-available drones, e.g., the Phantom 
4 Pro (DJI), with the aim of studying whales. Also the 
ICR has started the development of its own Unmanned 
Aerial Vehicles (UAVs). This technical note describes this 

development, and summarizes the applica�on of UAVs 
in the context of the research work on cetaceans by the 
Ins�tute.

UAV development at the ICR
Since 2019, the ICR has been working on the develop-
ment of new whale research methods for cetaceans 
using small UAVs. It has developed a Ver�cal Take-off and 
Landing (VTOL) type UAV, specifically to operate from a 
cetacean research vessel. Flight tests in open seas from 
several oceanic regions, including the Antarc�c Ocean, 
have been conducted to examine the performances of 
the UAVs. From such tests, and to ensure good perfor-
mance, several important factors were iden�fied. Among 
these factors were strong winds at open sea, hull sway-
ing, magne�c disturbance and radio wave interference, 

 

Table 1　
Specifica�on of the newly-developed VTOL-UAV in 2021.

Name Prototype ASUKA Mk 4

Overall length 1,920 mm

Wing length 2,500 mm

Overall height 620 mm

Body weight 12.44 kg

Cruising range Approx. 100 km (51 km in Level 3 flight mode)

Maximum speed 160 km/h

Payload 5 kg maximum

Seaworthiness Normal opera�on at 20 kt wind speed, level flight maintained at 40 kt wind speed

Figure 1.　Photograph of the VTOL ASUKA aircra� (Prototype ASUKA Mk 4) developed in 2021.



Development of an Unmanned Aerial Vehicle (UAV) and u�lity for the research work of the Ins�tute of Cetacean Research

65

and geomagne�c devia�on in the polar regions. The new 
UAV ‘ASUKA,’ a VTOL type, was designed to minimize all 
such detrimental factors. The main data of the ASUKA are 
shown in Table 1 and the UAV itself is shown in Figure 1.

Figure 2 is a conceptual image of the opera�on of 
VTOL-ASUKA from the pla�orm of a cetacean research 
vessel in the Antarc�c. No airfield is required as the UAV 
can depart and return using the pla�orm of a cetacean 
research vessel conduc�ng rou�ne line transect surveys. 
Flight opera�ons can be conducted in shallow waters 
and ice bound seas where research vessels are unable to 
enter.

UAV performance during a finless porpoise survey
The ASUKA was used in a survey for finless porpoise 
(Neophocaena phocaenoides) in Mikawa Bay, Aichi pre-
fecture in March 2021. The UAV departed and arrived 
using the pla�orm of the research vessel and conducted 

a total of six aerial visual surveys (total distance: 71.2 km). 
It succeeded in detec�ng and iden�fying three finless 
porpoise pods (four individuals). The sigh�ng rate was  
0.56 individuals/10 km. Figure 3 shows the ASUKA operat-
ing during the finless porpoise survey in Mikawa Bay on 
29 March 2021.

In March 2021, ASUKA achieved an autonomous flight 
distance of 51 km in the North Pacific Ocean (Figure 4, 
le�), which is considered a Japanese record for UAVs (a 
domes�c record for flight distance under the condi�ons 
of Level 3 flight (unmanned area with no visual line of 
sight and no assistants) as specified in the ‘Roadmap for 
the Industrial Revolu�on in the Sky’ promoted by Japan.

Figure 4 (right) shows the track lines of the UAV during 
the finless porpoise survey in Mikawa Bay on 29 March 
2021. Figure 5 shows finless porpoise detected and iden-
�fied by the ASUKA’s camera.

Figure 2.　Conceptual image of the opera�on of VTOL-ASUKA from the pla�orm of a vessel. Unlike small airplanes 
and helicopters, ASUKA do not require an airfield, and can operate over shallow waters as well as in polyn-
yas in the Antarc�c where the vessels cannot operate. In coastal areas, ASUKA can provide informa�on on 
the presence of fishing nets.

Figure 3.　VTOL-ASUKA undertaking ver�cal take-off from the research vessel (le�) and launch landing on the vessel 
in strong winds (right) during a survey in Mikawa Bay on 29 March 2021.
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Japan 2021 Drone Exposi�on
The ASUKA was introduced at the Japan 2021 Drone Ex-
posi�on for the Commercial Unmanned Aircra�s Systems 
(UAS) Market, together with its results from aerial ceta-
cean surveys. The exposi�on was held between 14 and 
16 June 2021 at the Makuhari Messe (Chiba City, Japan), 
and was organized by Japan UAS Industrial Development 
Associa�on (JUIDA). During the event, ASUKA a�racted 
the a�en�on of many engineers as an aircra� capable 
of taking off and landing from vessels. During the Expo-
si�on, useful informa�on was obtained regarding, for 
example, the development of technology for moun�ng 
biopsy equipment as well as surveys on marine debris 
and red �de. Such advances will be useful for research on 
cetaceans.

Further improvement
Further performance development of ASUKA con�nues 
to be focused on aspects related to shoo�ng equipment 
and image processing technology. The efforts will also be 
focused on increasing the dura�on of surveys (distances) 
by the crea�on of a lightweight vehicle with a large ca-
pacity ba�ery. The idea is to further develop and imple-
ment an UAV capable of carrying out research on marine 
mammals under stringent condi�ons, while ensuring that 
disturbance to the animals is minimal.

Applica�on to the study of cetaceans at the ICR
The ICR regularly conducts vessel-based dedicated 
cetacean surveys. In general, UAVs operated from the 
pla�orm of the vessels will increase and improve the 
observa�onal capacity during the surveys. For example, 
the use of UAVs will allow the survey of cetaceans even in 
circumstances where vessel movement is inhibited, such 
as the polynyas in the Antarc�c.

The use of UAVs will also complement the observa�ons 
of researchers on board regarding species iden�ty, num-
ber of animals in a school and behavior of the sighted 
cetaceans. UAVs can also obtain data for photogramme-
try studies, which are important for taxonomical or stock 
structure studies.

Addi�onally, the use of UAVs will enable the collec�on 
of environmental data from above when opera�ng over 
shallow waters, as well as the detec�on of areas where 
fishing gears are installed. That is, it is an�cipated that 
the use of drones will enhance informa�on collec�on 
from a wider range of oceanographic condi�ons and sea 
areas, thus providing more precise findings from research 
ac�vi�es.

Figure 4.　Long-distance (51 km) survey trial (le�) and track lines of the survey (right) by ASUKA during the finless 
porpoise survey in Mikawa Bay on 29 March 2021.

Figure 5.　Photographs of finless porpoise taken during a 
flight at an al�tude of 50 meters by ASUKA’s camera 
(using zoom) during the finless porpoise survey in 
Mikawa Bay on 29 March 2021.
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Importance of interna�onal collabora�on in the study of cetaceans: 
experiences of the Ins�tute of Cetacean Research
Luis A. Pastene

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

The Ins�tute of Cetacean Research (ICR) is an ins�tute 
focused on the studies of cetaceans. This includes the ba-
leen whale species, which have been the target of several 
studies by the ICR. Baleen whales are par�cularly difficult 
to study, because they are migratory animals and their 
habitat is mainly oceanic. They move seasonally between 
low la�tude breeding areas and high la�tude feeding 
areas. Interna�onal research collabora�on on cetaceans, 
par�cularly on baleen whales, is relevant and important 
for several reasons. In this ar�cle, these are explained 
and illustrated by use of case studies at the ICR.

Interna�onal research collabora�on facilitates the ac-
cess to samples and informa�on from wider areas
The study on some research topics of cetaceans requires 
samples and informa�on not only from wider areas 
within an oceanic basin, but also globally. For example, 
the studies on taxonomy, stock structure, abundance and 
the impact of cetaceans on the marine ecosystem fall into 
this category. The ICR has succeeded in addressing some 
important scien�fic ques�ons related to such topics, es-
pecially regarding baleen whales. This has been achieved 
o�en through interna�onal research collabora�ons.

The taxonomy of some baleen whale species is yet to 
be se�led, and the elucida�on of their taxonomical status 
requires studies based on samples collected worldwide. 
The ICR has collaborated with interna�onal colleagues 
in studies on the taxonomy of blue, right, Bryde’s and 
minke whales. Here, I explain briefly the collabora�ve 
study on minke whale taxonomy. Two species of the 
minke whale are recognized, the Antarc�c minke whale 
(Balaenoptera bonaerensis), which is restricted to the 
Southern Hemisphere, and the common minke whale 
(B. acutorostrata), which is distributed globally. Further-
more, three sub-species of the common minke whale are 
recognized, one in the North Pacific (B. a. scammoni), 
one in the North Atlan�c (B. a. acutorostrata), and one 
in the Southern Hemisphere (dwarf or diminu�ve minke 
whale). The la�er is an un-named sub-species of the com-

mon minke whale. In order to elucidate the taxonomical 
status of the dwarf minke whale, interna�onal research 
collabora�on was carried out between ICR scien�sts 
and scien�sts from regions where dwarf minke whales 
are distributed in the Southern Hemisphere, specifically 
scien�sts from several research ins�tutes in Chile and 
Brazil. The last published work based on mitochondrial 
DNA (mtDNA) and microsatellite DNA (msDNA) indicated 
significant gene�c differences between western South 
Pacific and western South Atlan�c dwarf minke whales, 
sugges�ng that the taxonomical status of common minke 
whales in the Southern Hemisphere should be revised 
(Milmann et al., 2021).

Within an oceanic basin, a species of baleen whales 
is composed of stocks, which are demographically inde-
pendent units. The iden�fica�on of such units, through 
gene�c and non-gene�c analyses, is very important, 
because conserva�on and management policies should 
be based on these units. Interna�onal collabora�on by 
ICR has been important in inves�ga�ng the number and 
distribu�on of stocks in some baleen whale species dis-
tributed through the en�re North Pacific Ocean. In the 
case of North Pacific right whales, gene�c analyses based 
on mtDNA were conducted to inves�gate the stock struc-
ture of this species in this oceanic basin. The analyses 
were facilitated by the collabora�on between Japanese 
scien�sts who contributed gene�c data from the western 
sector of the North Pacific Ocean, and US scien�sts who 
contributed gene�c data from the eastern sector. Results 
of the study confirmed that at least two stocks occur in 
the North Pacific Ocean, one in the western side and the 
other in the eastern side (Pastene et al., in review). This is 
key informa�on for developing conserva�on policies for 
this depleted species.

Other examples include the gene�c analyses on stock 
structure of sei and Bryde’s whales in the North Pacific 
Ocean, carried out with gene�c samples from different 
sources. Gene�c samples from the western North Pacific 
Ocean were collected by ICR scien�sts during the former 
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whale research programs conducted under the IWC spe-
cial permit (JARPN, JARPNII and NEWREP-NP), and biopsy 
samples were also obtained during Japanese dedicated 
sigh�ng surveys. Gene�c samples from the central and 
eastern North Pacific Ocean were mainly biopsy samples 
collected during dedicated sigh�ng surveys of the Inter-
na�onal Whaling Commission Scien�fic Commi�ee (IWC 
SC) POWER (Pacific Ocean Whale and Ecosystem Re-
search). This is a collabora�ve research program between 
Japan and the IWC. Gene�c analyses based on mtDNA 
and msDNA suggested two stocks of Bryde’s whales in 
the central-western North Pacific Ocean with spa�ally 
overlapping distribu�on, and one stock of sei whales 
in the whole of the North Pacific Ocean. Interna�onal 
research collabora�on enabled large areas in the North 
Pacific Ocean to be covered, and the results of the gene�c 
analyses on the stock structure of these two species were 
important for the work on assessment and management 
carried out by the IWC SC. The analyses presented in IWC 
(2018) is one example of this kind of research.

Abundance es�mates of sei and Bryde’s whales as well 
of other species in large areas of the North Pacific Ocean 
have also benefited from the Japan-IWC interna�onal 
research collabora�on through the POWER surveys (see 
IWC, 2020).

The research of the impact of baleen whales on the 
marine ecosystem also requires samples and informa�on 
from wider areas within an oceanic basin. Once again, 
interna�onal collabora�on plays an important role. Quali-
ta�ve and quan�ta�ve analyses of prey consump�on by 
whales are commonly used to inves�gate the impact of 
whales on the ecosystem. Es�mates of prey consump�on 
by marine mammals in the North Pacific Marine Science 
Organiza�on (PICES) region, which cover the en�re North 
Pacific Ocean, were made in collabora�on between the 
ICR and scien�sts from research organiza�ons in Canada 
(Tamura et al., 2019). This collabora�ve research was an 
important contribu�on to the 5-year PICES project �tled 
‘Climate and Trophic Ecology of Marine Birds and Mam-
mals.’

Interna�onal research collabora�on facilitates the ac-
cess to, and interchange of, field, laboratory and analy�-
cal techniques
Research groups from different ins�tutes have different 
levels of exper�se on field, laboratory and analy�cal tech-
niques used for different scien�fic purposes. In science, 
the development and improvement of such techniques 
progress rapidly. In such an environment, it is clear that 
collabora�on among ins�tutes will facilitate access, inter-

change and use of new techniques among collabora�ng 
laboratories.

It should be noted that access to, and interchange 
of, new field, laboratory and analy�cal techniques are 
not restricted to cetaceans nor solely to interna�onal 
collabora�on. Collabora�on among research ins�tutes 
within one country, irrespec�ve of target species, could 
also contribute in achieving the same purpose.

Below are some cases of ICR’s interna�onal collabora-
�ons that have resulted in the interchange of new tech-
niques.

New techniques acquired by ICR as a result of interna-
tional research collaboration
Survey design and analy�cal techniques for abundance 
es�mates
Abundance es�mates of whale species is essen�al for de-
fining policies on conserva�on and management. Given 
the importance of this topic, and to ensure the design 
and implementa�on of sigh�ng surveys as well as analy-
ses of the data are in line with the guidelines adopted 
by the IWC SC, scien�sts of ICR have received technical 
and scien�fic advice from experts of several interna�onal 
research ins�tutes and universities. These have included 
organiza�ons in South Africa and Scotland, and also the 
IWC POWER program (IWC, 2020).

Kinship analysis
This technique was acquired by ICR following collabora-
�on with a university in Germany regarding the North 
Pacific common minke whale stock structure. Kinship 
informa�on based on the analyses of gene�c data is 
very important in addressing ques�ons on ecology, stock 
structure and abundance es�mates.

Ecological markers
The occurrence of external and internal parasites in 
whales can be used as ecological markers to resolve, 
among others, ques�ons on stock structure. ICR scien�sts 
have benefited from a recent collabora�on with scien�sts 
from a university in Spain to inves�gate the use of para-
sites as ecological markers for Antarc�c minke whales. As 
a result, techniques for the iden�fica�on and analyses of 
parasites were acquired by ICR.

Satellite tracking
Satellite tracking of whales is a useful tool to study move-
ment, stock structure and behavior of whales. ICR sci-
en�sts are using this technique to study such aspects in 
whales from both the Antarc�c and North Pacific Oceans. 



70

Technical Reports of the Ins�tute of Cetacean Research (2021)

The technique used by ICR scien�sts has improved con-
siderably, thanks to the interna�onal collabora�on with 
experts from an ins�tute in Norway. More recently, Japan 
and the North Atlan�c Marine Mammal Commission 
(NAMMCO) commenced a collabora�ve project to de-
velop miniature tags (MINTAG project) to be used on fast 
swimming whale species in the North Atlan�c, the North 
Pacific and other oceans.

Krill surveys
ICR scien�sts have collaborated with specialists from 
the Conven�on for the Conserva�on of Marine Living 
Resources in the Antarc�c (CCAMLR) regarding the de-
sign and implementa�on of krill surveys using dedicated 
sigh�ng vessels for cetaceans as a pla�orm. The advice 
from visi�ng CCAMLR specialists resulted in an improved 
data collec�on method in es�ma�ng the abundance and 
distribu�on of krill.

Sta�s�cal models
ICR scien�sts have benefited from an interna�onal col-
labora�on with Norwegian scien�sts in developing and 
applying sta�s�cal models to study yearly trends of 
biological characteris�cs of whales. In par�cular, these 
sta�s�cal models were applied in a study on the trend of 
blubber thickness and stomach-content weight in Antarc-
�c minke whales, in order to assess yearly change in body 
condi�ons of this species. See Cunen et al. (2021) for the 
latest applica�on of the sta�s�cal models that address 
this research topic.

Technical assistance of ICR to scientists from foreign 
countries
ICR scien�sts have par�cipated in programs of collabo-
ra�on that included the transfer of new survey, labora-
tory and analy�cal techniques to colleagues from foreign 
countries.

Some examples include the collabora�ve programs 
with scien�sts from Caribbean and western African coun-
tries. To learn sigh�ng surveys techniques for the purpos-
es of abundance es�ma�on and gene�c analyses on stock 
structure, scien�sts from St. Lucia and St. Vincent and the 
Grenadines in the Caribbean, as well as from the Republic 
of Guinea and other countries from western Africa have 
visited ICR. At the same �me, some ICR scien�sts have 
visited those countries to par�cipate in field works and 
hold lectures on relevant research topics.

Other examples include research collabora�ons with 
Brazilian and Mexican scien�sts on popula�on gene�c 
analyses pertaining to large whales. As a result of such 

collabora�on, foreign colleagues increased their knowl-
edge on gene�c techniques available at the ICR (labora-
tory and analy�cal), which in turn, allowed them to apply 
such techniques in their respec�ve countries.

Final remarks
Based on just some of ICR’s experiences outlined above, 
it is clear that interna�onal collabora�on is important for 
the studies of cetaceans, including the difficult group of 
baleen whales. Interna�onal research collabora�on on 
topics such as stock structure, abundance, and impact 
of cetacean on the ecosystem is important because such 
collabora�on enables coverage of wider areas of the 
distribu�on of species and stocks. It is also important 
for access to, and interchange of, laboratory, field and 
analy�cal techniques among research ins�tutes from dif-
ferent regions and countries.

Despite the advances and benefits of internet commu-
nica�ons, research ac�vi�es of many research organiza-
�ons in the world are s�ll not well known to many people, 
and even to a large part of the scien�fic community. 
The ICR is not an excep�on in this respect. Interna�onal 
research collabora�on, with interchange of scien�sts 
between laboratories on specific scien�fic projects, will 
facilitate the mutual understanding of objec�ves and ac-
�vi�es of the research ins�tutes involved.

Further, interna�onal research collabora�on will allow 
the interchange of ideas and modes of working among 
scien�sts from different countries. This should facilitate 
the understanding of the different cultures involved. Ig-
noring such differences may result in misunderstandings 
or miscommunica�on during scien�fic debates among 
scien�sts from different countries.

Responding to and appropriately addressing scien�fic 
ques�ons on baleen whales are indispensable for their 
conserva�on and management. Interna�onal collabora-
�on contributes greatly to this end, as evidenced by the 
results of several cases at the ICR. Therefore, the ICR 
should con�nue to seek and engage in interna�onal col-
labora�on on research topics relevant for the conserva-
�on and management of cetaceans.
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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 2021

The 2021 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 2021 spring mee�ng of the JSFS was held online 
from 26 to 29 March. Two scien�sts from the Ins�tute 
of Cetacean Research (ICR) (Tamura and Wada) par�ci-
pated in the mee�ng. They presented the study en�tled 
‘Results of krill sampling by IKMT and Maruchi nets in the 
Antarc�c Ocean during the 2017/18 and 2018/19 austral 
summer seasons.’ Tamura was also a co-author of an-
other study presented at the mee�ng en�tled ‘Proposal 
of criteria for dis�nguishing sand lance using the acous�c 
data in Sendai Bay.’

The 2021 mee�ng of the Japanese Society of 
Fisheries Oceanography (JSFO)

The Japanese Society of Fisheries Oceanography (JSFO) was 
established in 1962. Its aim is to iden�fy scien�fic issues 
of local fisheries, and to promote studies in coopera�on 
with local scien�sts and fishers in order to address such 
issues. Recent field research ac�vi�es in JSFO include, for 
example, the study on the rela�onship between marine or-
ganism distribu�on and oceanographic condi�ons, acous�c 
assessment of fish abundance, oceanographic approach 
using satellite image, popula�on dynamics and modeling 
approaches. The research ac�vi�es of the JSFO are within 
the framework of the fisheries oceanography defini�on, 
which is ‘the study of oceanic processes affec�ng marine 
ecosystems and the rela�onship of these ecosystems to the 
abundance and availability of fish.’

The 50th Symposium on North Pacific Studies was held 
on 13 March as part of the 2021 mee�ng of the JSFO. 
Tamura, Konishi, Isoda and Kato from the ICR par�cipated 
in the mee�ng and presented their study ‘The feeding 
habits and prey consump�on by common minke whales 
around Hokkaido.’
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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 2021

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 annually.

Originally, the 2021 mee�ng of the IWC SC was planned 
for Bled, Slovenia, between 27 April and 9 May (SC68C). 
The in-person mee�ng was cancelled due to the Covid-19 
pandemic. Instead, the mee�ng was carried out through 
a series of virtual sessions between 27 April and 14 May. 
A total of twelve scien�sts from the Ins�tute of Cetacean 
Research (ICR) par�cipated in the mee�ng as observers 
from Japan (Fujise, Kato, Pastene, Tamura, Matsuoka, 
Hakamada, Taguchi, Konishi, Goto, Isoda, Takahashi and 
Katsumata). They presented a total of 10 documents: 
six documents at the Standing Working Group on Abun-
dance 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 document at 
the Sub-Commi�ee on Conserva�on Management Plans 
(CMP) and two general documents (O: PICES Observer 
Report and Japan’s Scien�fic Progress Reports).

The report of the IWC SC mee�ng can be found on the 
website of the IWC (h�ps://iwc.int/home).

ICR scien�sts also par�cipated in the mee�ng of the 
‘IWC-POWER Technical Advisory Group (TAG)’ and the 
‘Planning Mee�ng for the 2021 IWC-POWER Cruise,’ held 
online from 9 to 10 November, 2020. Another online 
mee�ng was held on 21 April 2021 to discuss the effect 
of the Covid-19 pandemic on the logis�cal aspects of the 
2021 IWC-POWER survey. Kato, Matsuoka and Takahashi 
from the ICR par�cipated in these mee�ngs. The report of 
these mee�ngs can be found on the website of the IWC 
(h�ps://iwc.int/home).

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 is the Work-
ing Group on Ecosystem Monitoring and Management 
(EMM), which meets annually.

The in-person mee�ng of the EMM Working Group 
was cancelled due to the Covid-19 pandemic. Instead, an 
online mee�ng was held between 5 and 12 July, 2021. 
The main items on the mee�ng agenda were: Krill Man-
agement including risk analyses, Spa�al Management 
and Climate Change. Under the risk analyses approach, 
several papers on distribu�on, abundance and prey con-
sump�on of whales in western Antarc�c were presented. 
Three scien�sts from the ICR par�cipated in the mee�ng 
(Pastene, Isoda and Katsumata).

The report of the e-mail group discussion can be found 
on the website of the CCAMLR (h�ps://www.ccamlr.
org/).

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-
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system as a whole, 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 2020 NAMMCO SC mee�ng was held online 
between 25 and 29 January 2021. The in-person meet-
ing was cancelled due to the Covid-19 pandemic. Four 
scien�sts from ICR par�cipated in the mee�ng (Pastene, 
Konishi, Inoue and Takahashi) as observers from Japan. 
They presented the following documents: the 2019–2020 
Japan progress report on large cetacean research, the 
2018–2019 Japan progress report on small cetacean 
research, and the 2019–2020 report on satellite tagging 
experiments at the Ins�tute of Cetacean Research. The 
report of the mee�ng can be found in the website of 
NAMMCO (h�ps://nammco.no/).

NAMMCO-Japan MINTAG project mee�ng

NAMMCO and Japan have agreed on a collabora�ve 
project to develop a new satellite tag suited for use on 
fast-swimming baleen whales which are of most interest 
to NAMMCO countries and Japan. The project is called 
‘Miniature Tag’ or MINTAG project. The project started in 
2021 and will run for five years. The project is divided into 
phases: development phase, tes�ng phase, deployment-
data collec�on-analyses phase, and publica�on-final re-
por�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).

The first organiza�onal mee�ng of the MINTAG Steer-
ing Group was held online on 4 August 2021. The main 
topics of the mee�ng were the tender material for tags, 
web blog and the schedule for the project. Two scien-
�sts from the Ins�tute of Cetacean Research (Pastene 
and Konishi), and one member from the FAJ (Moronuki) 

par�cipated in the mee�ng as members of the Steering 
Group.

Annual mee�ng of the North Pacific Marine 
Science 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 2021 mee�ng of the PICES was originally planned 
for Qingdao, China. The in-person mee�ng was cancelled 
due to the Covid-19 pandemic. Instead, the mee�ng was 
held online between 18 and 29 October. The business 
mee�ng of the Marine Bird and Mammals (S-MBM) sec-
�on was held on 30 September. One scien�st from ICR 
par�cipated in the mee�ng (Tamura) introducing the ob-
server report of IWC/SC mee�ng. The report of the PICES 
mee�ng can be found in the website of PICES (h�ps://
mee�ngs.pices.int/).

The Annual Science Conference of the Interna�onal 
Council for the Explora�on of the Sea (ICES) was held 
online between 6 and 10 September 2021. The joint 
ICES/PICES session on top predators, food webs, and 
ecosystem-based fisheries management was held on 10 
September. One scien�st from ICR par�cipated in this 
session (Tamura). He presented the study �tled ‘Es�ma-
�on of prey consump�on by marine mammals in the 
PICES regions —Update to Hunt et al. (2000)—’.

Scien�sts from the ICR par�cipa�ng in the online mee�ng of the NAMMCO Scien�fic Commi�ee (25–29 January 2021).
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48th Annual Symposium of the European Associa-
�on for Aqua�c Mammals

The 48th Annual Symposium of the European Associa�on 
for Aqua�c Mammals was held online between 11 and 
13 March 2021. The study �tled ‘Epibio�c macrofauna 
of Antarc�c minke whale, Balaenoptera bonaerensis 
Burmeister, 1867, in the Southern Ocean,’ co-authored 

by Ten, Konishi, Nakai, Raga, Pastene and Aznar, was pre-
sented at the symposium as an oral presenta�on.

Conference 2021/UK&Ireland Regional Student 
Chapter

This conference, organized by the Sea Mammal Research 
Unit, University of St. Andrews, was held online between 
23 and 25 June 2021. The study �tled ‘The epibiont 
Xenobalanus globicipitis as a mul�faceted indicator of 
cetacean biology: a review,’ co-authored by Ten, Konishi, 
Raga, Fernandez, Pastene and Aznar, was presented at 
the conference as a poster presenta�on.

XXIV Biennial of the Real Sociedad Española de 
Historia Natural

This biennial was held between 8 and 10 September 2021 
in Valencia, Spain. The study �tled ‘Xenobalanus globici-
pitis: un crustaceo epibionte possible indicador de migra-
ciones de ballenas,’ co-authored by Ten, Konishi, Nakai, 
Raga, Pastene and Aznar, was presented at the biennial 
as an oral presenta�on.

A scien�st from the ICR giving a presenta�on at the joint ICES/
PICES session of the online ICES Annual Science Conference.
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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 2021

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 (*).

JARPA/JARPAII/NEWREP-A surveys
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�ons of the minke whale blubber oils caught on 1987/88 

season. Yukagaku 39 (7): 486–490 (in Japanese).
Kasamatsu, F., Kishino, H. and Hiroyama, H. 1990. Es�-

ma�on of the number of minke whale (Balaenoptera 
acutorostrata) schools and individuals based on the 
1987/88 Japanese feasibility study data. Rep. int. Whal. 
Commn 40: 239–247.

Kato, H., Fujise, Y., Yoshida, H., Nakagawa, S., Ishida, M. 
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calibra�on in age readings of earplugs from southern 
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