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ABSTRACT

In-depth assessment of an eastern Indian and a western South Pacific stocks of Antarctic minke whale was carried out from 2001
to 2014 by the Scientific Committee of the International Whaling Commission (IWC/SC). The assessment covered a wide range of
topics including systematics, commercial and research catches, abundance estimates, spatial distribution patterns, stock structure,
biological information, population dynamics, food habit and energetic, pollutants and marine debris, and species interactions. This
document is s a synthesis and summary of the assessment over 13 years. The results of the Statistical Catch-at-age Analysis (SCAA)
revealed that (1) abundance increased from 1930 until the mid-1970, and declined over the period the mid-1970s until 1988 and (2)
trends in abundance over the most recent 20 years are relatively flat. Although the primary focus at the start of this assessment was
trying to understand the abundance trends during observed in abundance surveys conducted during 1984 — 2004, but expanded to
increasing our knowledge on life history of this species which would contribute the management. The assessment also advanced
many aspects of analytical methods in the course of discussion in the IWC/SC.
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INTRODUCTION

The Antarctic minke whale (Balaenoptera bonaerensis Burmeister, 1867) resides in the Southern Hemisphere,
spending the southern summer feeding in waters all around the Antarctic and wintering between about 7° and 35°S
where breeding occurs. Observations of whales between 35° — 50°S suggested that the major proportion of animals
from the breeding grounds migrated south from October onwards to feeding areas in the Antarctic to arrive by
January. When feeding in the Antarctic the highest densities are along the ice edge with some animals within the
pack ice.

In 1990 the last Comprehensive Review of Southern Hemisphere minke whales was completed. This
review focused on minke whales south of 60°S (IWC, 1990), which now is considered to be the Antarctic minke
whale. The effect of historical catches was evaluated in two ways: by comparing the total catches to the then
current abundance estimate and by HITTER, a computer program that evaluates effects of catches on a stock. At
that time, it was assumed there was a single stock in all six IWC Management Areas (Table 1) because results for
different approaches using samples from the commercial catch that were mostly from near the ice edge failed to
identify unambiguously isolated stocks within the Antarctic minke whales. Though the assessment evaluated the

effects of historical catches of minke whales within each the six Management Areas I1-VI1. Negatively biases

abundance was estimated for each Area using IDCR sighting survey data collected during 1979/80 — 1988/89. In
addition, Japanese scouting vessel data, mark-recapture, and catch per unit effort data were also considered as data
to estimate abundance. Demographic parameter values used in HITTER included age at recruitment=7, age at
sexual maturity=7.5, and the natural mortality rate=0.105. Maximum sustainable yield (MSY) level was evaluated
at 60% and 80%. MSY rate was evaluated at 0, 1, 2, 3, and 4%. Those members who considered the HITTER
model appropriate, interpreted the results as, if the carrying capacity had been constant before 1972, for most
stocks the exploited female component of the stock was at the high end of the range 50-100% of carrying capacity.
Those members who considered that the only useful indication of the status of the stocks came from a comparison
of the “current’ stock estimated with the total cumulative catch concluded that the abundance of minke whales in
Areas V and VI (i.e., the major part of the Pacific sector) had been little changed by those catches. Also the
abundance in Area | (the eastern sector of the Pacific) and Area Il (in the South Atlantic) will not have been



affected to an extent which would raise questions as to whether the historic rates of exploitation had been too high.
However, they believed that Areas Ill and IV (covering the South Atlantic and Indian Ocean sectors) have
experienced catches that raise the question of whether lower rates of exploitation would have been desirable. They
added that there had been a tendency for catching to concentrate on the Area Il1/Area IV boundary. Such catches
could have led to greater depletion in the boundary region if it did not in fact divide two stocks which mix fully
and rapidly within the greater areas of the putative stock divisions.

In 2000 the Scientific Committee agreed to update this review and start an in-depth assessment that would
evaluate the status of the minke whales involving an examination of current stock size, recent population trends,
carrying capacity and productivity (IWC, 2001a). In particular, it was considered urgent to address trend-related
issues to provide up-to-date estimates of minke whale abundance. At that time, it was noted that while the estimates
of the minke population sizes accepted in the Comprehensive Assessment in 1990, which totalled 760,000 and
were obtained using IWC/IDCR data from 1982/83 to 1989/90, were the best available at the time of the years
surveyed, these estimates were no longer appropriate estimates of current minke whale abundance. This was
because some initial crude extrapolations of the incomplete third circumpolar set of surveys led to a point estimate
that was appreciably lower than the total of the previously agreed point estimates by Area from the Comprehensive
Assessment.

At that time, there was a long list of plausible hypotheses that may explain the apparent decline and it
was not possible to know the implications of this trend to the management of Antarctic minke whales and to their
ecosystem (IWC, 2003). That list of plausible hypotheses consisted of:

e Factors related to the population surveyed (e.g., changes in survey spatial-temporal coverage over years;
changes in the location of the ice edge; or changes in the animal’s distribution within the survey area and
outside (within the ice and north of 60S).

o Factors related to survey process (e.g., changes over the years in the proportion of schools classified as
‘like-minke’, probability of observing animals on the track line [g(0)], bias of Closing versus independent
observer modes, or analysis options).

e Factors that could cause a real decline in abundance (e.g., increase in natural mortality or decrease in
recruitment rate due to say increase in killer whales, pollution or disease; mortality due to commercial
and scientific whaling; incidental mortality from bycatch and ship strikes; overshooting carrying capacity;
decrease in carrying capacity due to lower krill populations or competition from other predators; or
changes in climatic conditions).

It took until 2014 to deal with all the issues, develop new methods, incorporate more recent data and put
them together into an updated assessment of the status of the minke whales and update the state of knowledge of
how the minke whales relate to their environment. This document summarizes the state of knowledge of the minke
whales as related to systematics, commercial and research catches, abundance estimates (from IDCR/SOWER,
JARPA/JARPAII, and joint icebreaker/aerial surveys), spatial distribution patterns, stock structure, biological
information (including age, growth, morphology, maturity, and reproduction), population dynamics (using virtual
population analysis (VPA) and statistical catch-at-age (SCAA) techniques), food habit and energetics (including
consumption and body condition trends), pollutants and marine debris, and species interactions. This document
focus on an eastern Indian and a western South Pacific stocks of Antarctic minke whale which are distributed from
Area Il East to Area VI West (Table 2). In-depth assessment of Antarctic minke whale in the rest of the Antarctic
was not completed in that period because of scarcity of data (IWC, 2015b). In the context of the IWC/SC, in-depth
assessment or comprehensive assessment can be considered as an in-depth evaluation of the status of all whale
stocks in the light of management objectives and procedures (IWC, 1987). It would include the examination of
current stock size, recent population trends, carrying capacity and productivity.

SYSTEMATICS

Until recently, only one species of minke whale was thought to exist, Balaenoptera acutorostrata Lacepéde, 1804,
however Rice (1998) reviewed both morphological (e.g. Williamson, 1959; van Utrecht and van der Spoel, 1962;
Kasuya and Ichihara, 1965; Omura, 1975; Best, 1985) and genetic (e.g. Wada et al., 1991; Arnason et al., 1993;
Pastene et al., 1994) data collected from extant minke whale populations and re-specified two species, the Antarctic
minke whale B. bonaerensis Burmeister, 1867, which is restricted to the Southern Hemisphere, and the common
minke whale B. acutorostrata Lacépéde, 1804, which is distributed globally. Furthermore, he recognized three
sub-species of the common minke whale, one in the North Pacific, one in the North Atlantic and one in the Southern
Hemisphere (see below). In the Southern Hemisphere, the common minke whale is referred to as the ‘dwarf’ or
‘diminutive’ minke whale (Best, 1985; Arnold et al., 1987; Kato and Fujise, 2000; Kato et al, 2015). The two



species in the Southern Hemisphere have not been confused during the sighting survey with closing mode because
of the distinctive morphological features of the dwarf minke whales reported by those authors.

The Scientific Committee of the International Whaling Commission (IWC) accepted the recognition of
these two species but deferred a decision on other nominal taxa until the completion of a worldwide review of
genetic and non-genetics information of minke whales (IWC, 2001b).

Subsequent worldwide genetic analyses of minke whales based on mitochondrial DNA sequences
provided further evidences for the separation of the two species, B. bonaerensis and B. acutorostrata, and at least
three sub-species of the common minke whale as recognized by Rice (1998) (Fig.1, Pastene et al., 2010). It has
been hypothesized that the two-species diverged in the Southern Hemisphere less than 5 million years ago and that
the current sub-species of B. acutorostrata diverged after the Pliocene some 1.5 million years ago (Pastene et al.,
2007).

Genetic analyses based on microsatellites also provided evidence for the separation of species and sub-
species of minke whale (Glover et al., 2013). As noted above, B. bonaerensis distributes in the Southern
Hemisphere however recent genetic studies provided evidence of migration of individuals of this species to the
Arctic Northeast Atlantic (Glover et al., 2010; 2013). Whether these migrations represent contemporary events, or
have occurred at a low frequency over many years, remain open.

The body length at physical maturity for North Pacific common minke whale was estimated in 7.5m for
males and 8.0m for females (Kato, 1992); for North Atlantic common minke whale it was estimated in 8.2m for
males and 8.8m for females (Jonsgard, 1951); for dwarf minke whale it was estimated in 6.6m for males and 7.0m
for females (Kato and Fujise, 2000; Kato et al., 2015); and for Antarctic minke whale, it was estimated in 8.5m
for males and 9.2m for females (Bando, personal communication). A report is available on variation in the color
pattern of white patch on the flippers between North Pacific and North Atlantic common minke whales (Nakamura
et al., 2014) and other authors have reported on differences in external appearance, body length and proportion,
osteological features and other biological aspects among minke whale species and sub-species (Kato and Fujise,
2000; Kato et al., 2015).

The Committee of Taxonomy of the Society for Marine Mammalogy listed the following species and
sub-species of minke whale (Committee on Taxonomy, 2016):

Balaenoptera acutorostrata Lacepéde, 1804. Common minke whale
B. a. acutorostrata Lacépéde, 1804. North Atlantic minke whale
B. a. scammoni Deméré, 1986. North Pacific minke whale
B. a. un-named subsp. Dwarf minke whale

Balaenoptera bonaerensis Burmeister, 1867. Antarctic minke whale

For the Antarctic minke whale which is the main target of this review, Perrin and Brownell (2009)
provided a brief description of the morphological characteristics of the Antarctic minke whales. The rostrum is
very narrow and pointed and there is a single ridge on the head. The dorsal fin is relatively tall and falcate and is
located relatively far forward on the posterior one-third of the body (Fig. 2). Baleen plates are black on the left
beyond the first few plates and on the right, they are white in the first third and black in the rear two-thirds of the
row.

While further genetic and morphological/morphometric studies are required to elucidate further the
taxonomic status within B. acutorostrata, including the dwarf minke whale, there is agreement among scientists
on the taxonomic status of B. bonaerensis, the species targeted for the in-depth assessment by the Scientific
Committee of the IWC.

CATCH BY COMMERCIAL AND SCIENTIFIC EXPEDITIONS

Catch data for this in-depth assessment were extracted from the IWC individual catch database (IWC, 2005).
Number of Antarctic minke whales taken by commercial and scientific expeditions in the Indo-Pacific sector of
the Antarctic (35°E-145°W) from 1956/57 to 2014/15 and their geographic positions are shown in Figs. 3 and 4.
Data for these figures are extracted from the latest version of the database (Allison, 2016) at the time of the
publication of this paper. The first catch in this sector was recorded in 1956. UK took 3 individuals from 1956/57
to 1959/60 but vast majority of them were taken by USSR and Japan throughout the rest of period. Commercial
whaling targeting on this species has been suspended since 1986/87 after the IWC moratorium adoption in 1982.
Scientific sampling of this species has been conducted since 1987/88 (see below for more details). Maximum
number of catch in the period was recoded as 5,94 linidividuals in 1976/77.



SURVEYS

IDCR/SOWER

The IWC Southern Hemisphere minke whale assessment cruises (IDCR: International Decade of Cetacean
Research and SOWER: Southern Ocean Whale and Ecosystem Research) have been conducted since 1978/79 in
the Antarctic regions of all six IWC management Areas for baleen whales (covering all, or more recently, part, of
one Area each season). In total, 32 shipborne surveys including the total of 4,340 ship-days, the total of 70 vessels,
and the total of 240 international researchers from 15 nations have been completed, which fall into three
circumpolar sets: 1978/79-1983/84 (the first circumpolar survey; CPI), 1985/86-1990/91 (the second circumpolar
survey; CPII) and 1991/92-2003/04 (the third circumpolar survey; CPIII), and experiment cruises from 2004/05
to 2009/10. The 1984/85 and 2004/05-2009/10 surveys were devoted mostly to experiments and were excluded
when estimating abundance for this in-depth assessment. Although the primary aim of the surveys has been to
estimate minke whale abundance, all cetacean sightings are recorded, which makes it possible to estimate
abundance for species other than minke whales. The survey methodologies up to 2000/01 were reviewed by
Matsuoka et al. (2003).

Over the years, there have been two major and some minor modifications to the survey design as a result
of the development of survey procedures. These developments represent the best possible compromise between
statistical needs and logistics. From 1985/86, the beginning of the second circumpolar set of cruises, the
programme (initially a combination of Discovery marking and sightings) became essentially a dedicated line-
transect systematic sightings cruise only. Passing mode with independent observer (I0 mode) was introduced on
an experimental basis in 1985/86 and routinely covered half of the planned trackline from 1986/87. Prior to
1985/86, the surveys were conducted only in Closing mode in principle. During 10 mode, a primary observer was
stationed in the independent observer platform (IOP) in addition to two primary observers in the barrel. IO mode
was introduced to provide data for the estimation of the probability that a school on the trackline is sighted (g(0)).
Modification of the survey design from the third circumpolar set of cruises (from 1991/92), to cover the whole
region south of 60°S in the Antarctic resulted in a change in emphasis of the latitudinal coverage, especially in
Areas |, 11, 1l and V.

A series of experiments was carried out from 2004/05 to 2009/10 to address problems encountered with
the analysis of previous cruises. These included Bucland-Turnock survey method (Bucland and Turnock, 1992),
school size estimation experiments (terms as SS-11 and SS-111) and visual dive time experiment. Cooperative
surveys with Japanese ice breaker and Australian aircraft were also conducted during this period (see below for
more details).

The sightings data from CPI to CPIII were encoded and validated and were contained in a database
package DESS 3.5 (IWC Database-Estimation Software System v 3.5, Strindberg and Burt, 2004). A standard data
set was extracted from DESS for abundance estimation (Burt, 2004).

The programme has also enabled collection of biopsy, photo-identification, oceanographic and acoustic
samples. It is concluded that the programme has developed and established standard sighting procedures and has
also improved the precision of whale identification standards in the Southern Ocean. This seems appropriate, given
the quantity of data available and information on their overall distribution in the Southern Ocean during the survey
period (Matsuoka et al., 2003).

JARPA/JARPALII

Government of Japan conducted the Japanese Whale Research Program under Special Permit in the Antarctic
(JARPA) from 1987/88 to 2004/05 under the Article VIII of the International Convention for Regulation of
Whaling (ICRW). There were two original objectives: (1) estimation of biological parameters to improve the stock
management of the Southern Hemisphere minke whale (this included age-specific natural mortality coefficient
and reproductive parameters such as age at sexual maturity and their changes) and (2) elucidation of the role of
whales in the Antarctic marine ecosystem (Government of Japan 1987; 1989). To address objective 1, age-specific
natural mortality coefficient and reproductive parameters such as age at sexual maturity and their changes were
examined. The abundance of each whale species and the diet of the Antarctic minke whale were examined to
address objective 2. The third objective, (3) elucidation of the effect of environmental change on cetaceans, was
added in 1995/96 in response to the Commission’s resolution regarding to environment and pollution (Government
of Japan 1995). The fourth objective, (4) elucidation of the stock structure of the Southern Hemisphere minke
whales to improve stock management was added in 1996/97 (Government of Japan 1996). Initially, the surveys
were conducted each year in alternating Areas IV and V. The survey area was expanded to include Area Il East
and Area VI West from the 1995/96 to improve the study on stock structure of Antarctic minke whales which
related to the fourth objective. Subsequently, Areas I11 East + IV and Areas V + VI West were surveyed alternately



each season. Two or three sighting and sampling vessels (SSVs) conducted sighting and sampling survey. A
dedicated sighting vessel (SV) was introduced from 1991/92 season. Sampled Antarctic minke whales were
examined on a research base vessel. General survey methodology was reviewed by Nishiwaki et al. (2006). Data
and results from the JARPA were reviewed in two specialist workshops held by the IWC: an Intersessional working
group meetings held in May 1997 (IWC JARPA mid-term review) (IWC, 1998) and the final intersessional
workshop held in December 2006 (IWC JARPA final review) (IWC, 2008).

Government of Japan conducted the Japanese Whale Research Program under Special Permit in the
Antarctic —Phase II (JARPAII) from 2005/06 to 2013/14 under the Article V111 of the ICRW. There were four

objectives of JARPAII: (1) monitoring of the Antarctic ecosystem, (2) modelling competition among whale species
and future management objectives, (3) elucidation of temporal and spatial changes in stock structure and (4)
Improving the management procedure for Antarctic Minke whale stocks. Areas Il East + IV and Areas V + VI
West were surveyed alternately each season. Two or three SSVs conducted sighting and sampling survey while
one or two SVs were conducted sighting survey. Sampled Antarctic minke whales were examined on a research
base vessel. General survey methodology was reviewed by Nishiwaki et al. (2014). Data and results from the
JARPAII from 2005/06 to 2010/11 were reviewed in a specialist workshop held by the IWC (IWC, 2015a).

Icebreaker/Aerial surveys

Sighting data obtained by several icebreaker surveys were considered in the period of in-depth assessment. These
were platforms of opportunity (PoP) surveys rather than dedicated sighting surveys. A PoP survey was carried
from US icebreaker, the Nathaniel B. Palmer, between 150°W and 70°W in February-March in 1994 (Ainley et
al., 2007). Cetacean sighting data were recorded in sea ice field between 77°50'E and 150°50'E in November-
December in 1999 by Australian icebreaker, the Aurora Australis, as a part of the Antarctic Pack Ice Seal (APIS)
circum-Antarctic surveys and the Southern Ocean Cetacean Ecosystem Program (SOCEP) (collective termed as
APIS/SOCEP) (Thiele et al., 2002). Cetacean sighting data collected in the Ross Sea by the Nathaniel B. Palmer
in 2004 as a part of the US Antarctic Slope (AnSlope) experiment were also presented to the IWC/SC (Thiele et
al., 2005). Cetacean sighting surveys in sea ice field between 40°E and 150°E was conducted by Japanese
icebreaker, the Sirase, in 2004/05 (Shimada and Kato, 2005). The survey was conducted collaboratively with
IDCR/SOWER (Ensor et al., 2005). Three helicopter surveys with approximately 2 hours flight for each were also
conducted from the Sirase.

Dedicated cetacean sighing surveys using Australian fixed-wing aircraft were conducted between 93°E
and 113°E in 2008/09 (Kelly et al., 2009) and 2009/10 (Kelly et al., 2010) following a trial survey in 2007/08
(Kelly et al., 2008). These surveys were conducted collaboratively with IDCR/SOWER (Ensor et al., 2008; 2009;
Sekiguchi et al., 2010).

ABUNDANCE

IDCR/SOWER

IWC standard methodology

Abundance estimates of Antarctic minke whales from the 1978/79 to 1997/98 were presented to 53 IWC/SC based
on the IWC standard methodology (Branch and Butterworth, 2001). which was developed by the IWC/SC over
years (IWC, 2002). The results brought a number of methodological issues to be considered. These included school
size estimation (Brand&o et al., 2001), data pooling by vessel and/or strata to estimate effective search half-width
(esw) and mean school size (Burt and Hughes, 2002; Hakamada and Matsuoka, 2002; Matsuoka and Hakamada,
2002), like minke sightings (Mori et al., 2003), closing-10 mode correction factor (Branddo and Butterworth,
2002), overlap area covered by more than one survey in CPIII (Branch and Ensor, 2004; Branch 2005). These
points were addressed in the analysis when abundance was estimated using three completed circumpolar sets of
surveys from 1978/79 to 2003/2004 (Branch, 2006). Abundance estimated by the standard methodology was
negatively biased because it was assumed that all schools on the trackline were sighted (g(0)=1).

Potential covariates for estimation

Effect of observer efficiency was investigated (Butterworth et. al., 2001; Mori et al., 2003) but it was concluded
that the effect contributes less to differences in g(0) than school size does (IWC, 2003). the effects of sighting
conditions (school size, sighting cue, latitude and sea state) on Antarctic minke whale abundance estimation
parameters (effective search half-width, sighting forward distance and mean school size) were investigated
(Murase et al., 2004) and such factors were considered further in abundance estimation models taking account of
g(0). Mori et al. (2002) demonstrated strong evidence that g(0) depended on school size. New methods to



incorporate covariates information into estimation of school size and esw were also presented (Borchers and Burt,
2002; Rademeyer and Butterworth, 2001).

Models taking account of g(0)

Three new abundance estimation methods which can take account of g(0) were initially presented by Bravington
(2002), Cooke (2002) and Okamura et al. (2002) at 54 IWC/SC. Later, these models were called as IM (integrated
model), SPLINTR (spatial line transect) method and OK (Okamura-Kitakado) method, respectively. SPLINTR
was also termed as BBM (big beautiful model) and BHWP (Bravington, Hedley, Wood and Peel) method in the
course of the development. OK method adopted a design-based approach using a hazard probability model while
SPLINTR adopted a two-stage spatial modelling using a point independence detection function model. IM used a
hazard probability model with a spatial model based on Fourier series for density. A simulation data set were
prepared to investigate performance and robustness of these new methods (Palka and Smith, 2003). OK method
outperformed SPLINTR for simple simulation scenarios, whereas SPLINTR outperformed OK for simulation
scenarios with complex spatial effects. An intersessional group was established in 55 IWC/SC to improve these
new methods along with the simulation data (IWC, 2004). Five Intersessional workshops were also held (IWC,
2009; 2010; 2012; 2013a). After 10 years of discussions, agreed abundance estimates for CPIl and CPIII were
finally produced in 64 IWC/SC based on OK method with some bias corrections about spatial effects from
SPLINTR outputs (Table 3; IWC, 2013b). Additional variance (or process error) had also been considered since
55 IWC/SC (IWC, 2004) and it was incorporated in the agreed estimates. Two sets of estimates are given, survey-
once and CNB (Common Northern Boundary) because the northern extent of the surveyed regions differs between
CPIl and CPIII. The survey-once estimates cover all of the surveyed regions in each CP series. The CNB estimates
exclude part of the surveyed regions in each series to ensure a consistent northern limit. The CNB estimates are
the most appropriate estimates for a comparison of abundance estimates between CPIl and CPIIl. The CNB
estimates are the basis for the Additional Variance (AV) calculations. The CV internal in the table shows the
uncertainty associated with the abundance estimate of whales in the surveyed region at the time of the survey. The
CV with AV shows the uncertainty associated with the average number of whales present in the surveyed region
across the whole of that CP series. The CV with AV is more useful for most subsequent analyses. Only one set of
CVs are presented in the table because they are approximately the same for survey-once as for CNB.Estimate for
CPI was not considered in these new methods because no 10 mode data was available from CPI to take account
of g(0). Abundance estimates in Areas Il East, IV, V and VI West which were used in the population dynamic
model (see below for details) are shown in Table 4.

JARPA/JARPALII

Abundance for each stratum were estimated by school size based on 1987/88 and 1988/89JARPA data (Kasamatsu
et al., 1990; 1991) in order to obtain unbiased biological information such as age composition and segregation for
the minke whales (Kato et al., 1990; 1991) using approach in Kishino et al. (1991), given that the minke whales
were sampled under multi-stage stratified random sampling.

At the intersessional working group to review data and results special permit research on minke whales
in the Antarctic in 1997 (IWC, 1998), sighting survey procedure during JARPA and abundance estimate in Areas
IV and V based on the sighting surveys from 1989/90-1995/96 were provided by Nishiwaki et al. (1997). The
review meeting recommended that more research was required to develop a reliable method for adjusting for
negative bias in abundance estimates induced by under-sampling of high density areas resulting from the JARPA
survey design. The working group agreed that more research was required to develop a reliable method for
adjusting for the higher-density-under-surveying future of the JARPA survey design. Once this had been achieved,
the resultant abundance estimates should be useful both as absolute and relative indices (IWC, 1998).

At the intersessional workshop to review data and results from special permit research on minke whales
in the Antarctic in 2006 (IWC, 2008), Burt and Paxton (2006) review spatial modelling applied to JARPA data to
adjust the underestimate of abundance raised at the working group in 1997. The workshop noted potential
difficulties in correcting for skip effects by applying spatial models to estimate abundance, and agreed that standard
design-based estimates were best at this stage even if those need some sorts of correction as put forward using
spatial modelling approach. Hakamada et al. (2006) presents updated abundance estimates for Antarctic minke
whale based on JARPA sighting data using IWC ‘standard’ methodology and the inter-mode calibration method
of Haw (1991), including consideration of the recommendation above. All estimates assumed g(0)=1. They also
conducted sensitivity analysis to consider unsurveyed area due to for example ice-edge movement and saw-tooth
tracklines that seemed parallel to ice-edge in response to recommendations at SC58 meeting (IWC, 2007). The
estimates of abundance in Areas IV and V presented were 44,564 (CV=0.291) in 2003/04 and 72,087 (CV=0.146)
(in 2004/05), respectively. The estimated annual rates of increase and their 95% Cls in Areas IV and V were -



0.42% [-4.02%; 4.59%)] (1989/90-2003/04) and -1.54% [-4.91; 2.18%] (1990/91-2004/05), respectively, which
suggested no significant increase or decrease in abundance trend were detected.

Recommendations were made at the workshop (IWC, 2008; Hakamada et al., 2013). Some
recommendations were related to improve abundance and trend estimate and their precisions and others are related
to factors that may affected abundance trend and variance estimation. They are (1) re-estimation of detection
functions in cases where the number of schools detected is small; (2) investigation of sensitivities to pooling across
vessels to estimate effective search half width and mean school size; (3) investigation of a possible ‘shoulder’ in
the detection function; (4) variance estimation for surveys by the Sampling and Sighting Vessels (SSVs) data
taking correlation among tracklines into account; (5) undertaking of sensitivity analyses to examine the effect of
portions of the trackline following contours of the ice edge; (6) abundance estimation taking the whale density in
the gaps between the two main survey strata to be zero; (7) extrapolation of density to the unsurveyed area within
a stratum; (8) consideration of changes over time in order in which strata were surveyed; (9) estimation of
‘additional variance’; and (10) revision of estimates of the annual rates of increase in abundance and their CVs
following suggestions (1)—(9).

Analyses of the IDCRSOWER surveys results by Okamura and Kitakado (2012) and by Bravington and
Hedley (2012) have pointed to values of g(0) being less than 1 for minke whales and shown that possible changes
in g(0) over time can be important in estimating trends in abundance. Because independent observer mode was not
conducted during JARPA.

Hakamada et al. (2013) revised abundance and trend estimate in Areas IV and V, respectively, taking
these recommendations into account. Log-linear models are used to adjust for different strata being surveyed at
different times of year over the duration of JARPA, with model selection being based on AlCc. Effects on changes
in g(0) over time is investigated for the JARPA abundance estimates by the application of a regression model,
developed from the results of the OK method to estimate Antarctic minke whale abundance from the
IDCR/SOWER surveys, which provides estimates of g(0) from the statistics of the minke whale school size
distribution in a stratum. Abundance estimates for Area IV range from 16,562 (CV = 0.542) in 1997/98 to 44,945
(CV =0.338) in 1999/00, while those for Area V. range from 74,144 (CV = 0.329) in 2004/05 to 151,828 (CV =
0.322) in 2002/03. Estimates of the annual rates of increase in abundance are 1.8% with a 95% CI of [-2.5%,
6.0%] for Area IV and 1.9% with a 95% CI of [-3.0%, 6.9%] for Area V. Abundance estimate and trend were
robust to the effects related to the recommendations (3), (5), (6), (7) and (8) above. With adjustment to allow g(0)
< 1 derived from the regression model, abundance estimates increase by an average of 32,333 (106%) for Area IV
and 89,245 (86%) for Area V, while the estimates of annual rates of increase and their 95% Cls change slightly to
2.6% [-1.5%,6.9%] for Area IV and 1.6% [-3.4%,6.7%] for Area V.

At the JARPAII review workshop (IWC, 2015a), approach in Hakamada et al. (2013) was applied to
JARPA and JARPNII data in Areas Il East, IV, V and VI West (170°-145°W) between 1989/90 and 2008/09
(Hakamada et al., 2014). Abundance estimate in Areas Il East, 1V, V and VI West with and without taking into
account model error were shown in Table 5. For the estimates that took the model error into consideration the
annual rates of increase in abundance were 1.1% with a 95% CI of [-2.3%, 4.5%] for Area I1l East +1V and 0.6%
with a 95% CI of [-2.2%, 3.3%] for Area V+VI West. Estimates are robust the effect related to the
recommendations (3), (5), (6), (7) and (8) above.

Sea ice field

It has long been known that Antarctic minke whales are distributed in sea ice field (Ainley, et al., 2007; Ensor,
1989; Naito, 1982; Ribic, et al., 1991; Scheidat, et al., 2011; Taylor, 1957; Thiele and Gill, 1999). However, no
shipboard sighting survey data to the south of ice edge was available from IDCR/SOWER and JARPA/JARPAII
because the vessels could not navigate in there. In these surveys, ice edge was defined by a level of ice cover that
prevented the survey from being conducted at nominal survey speed of about 11.5 knots (Matsuoka et al., 2003).
There was a number of attempts to estimate abundance to the south of ice edge in Areas Ill, IV, V and VI at the
time of these surveys (Murase and Kitakado, 2013; Murase and Shimada, 2004; Murase et al. 2005; Shimada and
Burt, 2007; Shimada and Murase, 2002; Shimada and Murase, 2003; Shimada et al., 2001; Shimada et al., 2002).
Main objective of these studies was not to produce absolute abundance but to investigate magnitude of potential
numbers taking simple relationship between abundance and sea ice concentrations derived from satellite.
Relationship between abundance in survey area and sea ice extent was also investigated (Matsuoka et al., 2006;
Matsuoka et al., 2008; Matsuoka et al. 2009; Murase and Shimada, 2004; Murase, 2010; Shimada and Murase,
2006). Abundance in sea ice field in portions of Area 11 (40°E-50°E) and Area IV (70°E-82°E) was tentatively
estimated by using data obtained by Japanese icebreaker, Shirase in 2004/2005 (Shimada and Kato, 2006; Shimada
and Kato, 2007). Abundance in sea ice field in portions of Area IV (93°E-110°E) was tentatively estimated by
using data obtained by Australian aerial surveys in 2008/2009 and 2009/2010 (Kelly et al., 2014).



The Joint Symposium on High Latitude Sea Ice Environments was held as a pre-meeting of 57 IWC/SC
to review information on sea ice environments in the Arctic and Antarctic, and to develop means of incorporating
sea ice and similar data into analyses and models used by the Scientific Committee in its work on abundance
estimation, determining variance, resolving issues of habitat use and the implications of seasonal, interannual and
decadal variability in sea ice on cetacean populations and habitat (IWC, 2007). Methods and data for estimation
of abundance in sea ice field was evaluated by Kelly et al (2012) while technical aspect of see ice data derived
from satellite were reviewed by Murase et al. (2012).

These studies revealed that considerable number of Antarctic minke whales were distributed in sea ice
field of this sector. However, absolute number could not be obtained in the period of the in-depth assessment. It is
recommended that aerial survey should be sighting surveys in sea ice field bearing mind points raised in Kelly et
al. (2012).

SPATIAL DISTRIBUTION

Prior to this in-depth assessment, spatial distribution of Antarcitc minke whales in the Indo-Pacific sector was
investigated qualitatively either using overlay maps (Ichii, 1990; Matsuoka et al., 2003; Murase et al.,2002) or
simple statistical correlation (e.g. Kasamatsu et al., 2000). Results of spatial distribution studies using generalized
additive models which applied to data obtained by line transect surveys were presented in the period of assessment
after such a method was proposed (e.g. Hedley, 1999). The circumpolar spatial distribution of Antarctic minke
whales during CPIl and CPIII cruises was estimated using (GAMs) (Murase et al., submitted). Geographical
features (bathymetry and distance to upper slope) and climatological data at the surface (water temperature, sea
surface height, salinity, and chlorophyll, silicate, nitrate and oxygen concentrations) as well as longitude and
latitude, were used as explanatory variables in the model while number of individuals aggregated in 30 x 30 km
grid cells was used as response variable. The results revealed that Antarctic minke whales were distributed
throughout the indo-Pacific sector of CPII and CPIII but their regions of high density appeared to be reduced from
CPII to CPIII (Fig. 5). High densities were observed in the souther part of the sector especially around the Ross
Sea (south of 69°S between 160°E and 160°W). The relationship between the circumpolar spatial distribution of
Antarctic minke whales and their environment was also investigated with GAMs using CPI, 1l and 11l data sets
(Beekmans et al., 2010), but with maps of estimated spatial distribution only included for the Weddell and Ross
Sea regions. Spatial distribution of Antarctic minke whales in the Ross was investigated using JARPA data taking
account of spatial distribution of krill (Murase et al., 2013).

STOCK STRUCTURE

Background

The Antarctic minke whale, like all the other Southern Hemisphere baleen whales species apart from the Bryde’s
whale (B. edeni), was managed by the IWC on the basis of six geographical ‘Areas’. The IWC established these
Areas from the 1974/75 austral summer season, based mainly upon information from Mackintosh (1942; 1966) on
distribution of catches of blue, fin and humpback whales (see review by Donovan, 1991). These Areas were used
by