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ABSTRACT

Abundances of southern minke whales in Area IV and V were estima-
teded using sighting data with sampling activity of the Japanese
Research Programme Under Special Permit in Antarctic (JARPA) in
1991/92 and 1992/93, and they were used for correction of analy-
sis of age distribution. In order to investigate the effect of
sampling activity and seasonallity on the abundance estimates,
sighting manner of the JARPA in 1992/93 was modified as fol-
lows: 1) one dedicated sighting wvessel (SV) was exclusively
engaged in sighting in all the research areas along the inde-
pendent sighting track line from sighting/sampling vessels (SSV).
2) a sighting of survey was conducted, with the survey efforts
concentrated on the peak migration season of minke whales in the
Antarctic, to match the procedure taken by the International
Decade Cetacean Research (IDCR) as much as possible. Abundance of
minke whaless in Area V were estimated to be 159,640 individuals
(C.V. 0.383) by the SV in 1992/93 compared with and 211,150 indi-
viduals (C¢.V. 0.174) IDCR from the closing mode in the IDCR in
1985/868 (Butterworth, 1988). Abundance estimate of the JARPA in
1992/93 season is some 24.4% lower than the 1985/86 IDCH_es+imate
by closing mode, and they are not statistically different from
that each cther.

INTRODUCTION

The Japanese Whale Programme Under Special Permit in' Antarctic
(JARPA) has been conducted to estimate of  biclogical parame-
ters required for the stock management of southern hemisphere
minke whale and elucidation of the role of whales in the Antare-
tic marine ecosystem. These were conducted in Areas IV and V in
every other year. Both research areas had been surveyed for two
seasons on a full scale {(Area IV in 1989%/30 and 1991/92, and
Area V in 1990/91 and 1992/93). Abundances of southern minke
whales in Areas IV and V were estimated using sighting data with
sampling activity of whales and they were used for correction of
age distribution and segregation (Fujise et al., 1891).

On the other hand, the International Decade Cetacean Research
(IDCR) had been surveyed these areas twice, too. Area IV was sur-



veyved in 1984/85 and 1988/89 and Area V was surveyed in 1985/86
and 19981/92. The IDCR survey estimated abundance of minke
whales in the peak migration season (Butterweorth, 1988; Haw,
1990: Borchers, 1993). a

The results of abundance estimation by the JARPA were reported
to the Scientific Committee of the IWC every year. Some change of
the research programme has been done by the reconsideration based
on results of previous cruises. Abundances of the southern minke
whales in Areas IV and V were estimated using sighting data in
1989/90 and 1990/91, respectirely. However, these results were
significantly smaller than those of the IDCR. The reasons of
these differences were considered as follows (Kishino et al.,
19391; Nishiwaki et al., 1892),:

(1) Difference of the year could provide yearly fluctuation of
abundance.

(2) Difference of the length and season of the surveys could
result the differnce of abundance estimates.

{3} Change in weather and sea conditions {sighting rate, migra-
tion pattern, the shape of research area) could affect the
searching effort on the track-lines.

(4) The off-effort steaming {a part of stratum was not surveyed)
could affect the searching effort along the track-lines.

{(5) Distance for transfer between the track-lines (due to the
need advancing the survey without halting) could affect in
the searching effort on the track-lines.

(6) Catching activity could affect whale density along track-
lines and dispersion of whales could occure density along the
track-lines by the reaction of whales. '

(7) Three observers allocated on the barrel could affect the
detection probability of pods on the track-lines (the small
gspace of the barrel might force for two of the three observ-
ers to lay their searching effort more on one side than
another).

In order to investigate the effect of sampling activity, a
dedicated sighting vessel (SV) was arranged in 1991/92 in the
southern strata and in all strata in 1992/93.

A series of survey was conducted once in 1992/93, with the
survey efforts concentrated in the peak distribution season of
minke whales, to match the procedure with that by the IDCR as
much as possible.

Further nore to investigate seasonal change in distribution
density of minke whales, the special monitoring zone (SMZ, 135°E
- 155°E) was set before and after the entire survey in 18992/93.

The SV surveyed at least 12 n. miles ahead of the sighting/
sampling vessels (S88Vs) to avoid adverse by resulting from the
sampling activities of SSVs.

And in order to assess the effects of the chasing activity of
the SSVs, on the dedicated sighting survey, the '"reaction moni-
toring experiment”" was conducted frem 1990/91.
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OUTLINE OF CRUISES

Cruise track
The e¢ruise track lines in each atratum were set with the same
principal of the 1989/90 (Fujise et al., 1990).

The northern strata were designed asthe same way as the IDCR
cruise. In the southern strata (from the ice pack to the line of
45 n. miles off the pack ice except for the Prydz Bay, and East-
South stratum in 1992/93), the track line zigzagged from north to
south at intervals of 4 degrees longitude.

Sighting manner

The principal sighting manner was similar to that of previous
JARPA (Kato et al., 19389,1990; Fujise et al., 1990; Kasamatsu et
al., 1993; Fujise et al., 1993s, 1993b).

Three track lines of a main and two sub-courses were set The
sub-courses were set parallel by to the main course 9 n. miles
away from either sides.

In order to steaming whole research area during the cruises,
the minimum proceeding distances were set in each stratum. These
distances were as 150 n. miles in all strata in 1981/92, and 140
n. miles in each stratum, excluding 100 n. miles in the West-
North stratum, in the 1992/93.

As an improvement of the sighting manner in 1991/92 the SV
was allocated to the main course in the southern strata, and was
allocated in the same way in all strata in 1992/93 (Fujise ot
al., 1993a,1993b).

For investigation seasonal change in distribution of minke
whales, the SMZ (1383"E - 155°E) was set before and after the
entire survey in 1992/93.

Research period
The JARPA surveys were carried out from early December to middle
March, usually.

The 1991/92 survey was conducted in Area two times IV to
investigate seasonal change in distribution of minke whales 1in
the Antarctiec as same as previous years. However the 1992/93
survey was conducted once in the peak season of minke whales in
the entire research area to match the procedure IDCR cruises.

The survey periods in each stratum of each year were shown in
previous cruise reports (Fujise et al., 1993a,1993b).

The size of stratum

The size of each stratum was calculated using the data of the
three research vessels and the NAVY/NDOAA Joint Ice Center (JIC)
information (Table 1-a,l-b).

MATERIALS AND METHODS

Number of sightings

All sighting data were smeared by the method 2 of Buckland and
Anganuzzi {(1888), using the result of the distance and angle
estimation experiment which was carried out in each cruige. The
sightings of minke whale schools within 2.0 n. miles from the



track line (after smearing) were used for the estimation of the
population abundance.

Effective Search Width

The half Effective Search Widths (ESK) of whale schools were ob-
tained in each stratum and periods. The hazard rate model (Hayes
and Buckland, 1983) was fit to the perpendicular distance of
sightings.

a(vle,8) =1 - exp(~(2)*~%)
B =1/0), (f(v) = g(y)/)

Because it was expected that the larger schools are easier to
be detected than the smaller schools. The sighting data were
stratified into two school size groups, singleton and schools
with 2 or more individuals.

The ESW from the sighting data of S5Vs were pooled to get the
reasonable sample sizes and the ESW from the SV were calculated.
The variances of the estimates were evaluated by bootstrap proce-
dure (Efron, 1979) of resampling the legs with replacement (100
times). The tendency of larger ESW are observedfor the schools
with 2 or more than those for the singleton.

Estimation of Population Abundance

The ESW of each groups of each stratum was estimated (Kasamatsu
et al., 1990), and the population abundance of whales in each
stratum was estimated from the following formula:

ns;
2u; L

{ni : number of sightings, sg.: school size, A : research area, L : searching
distance, ; : effective search width, I} : estimation of density, N, N; :
etimation of population abundance)

The variances of the estimates were evaluated by bootstrap
procedure” of resampling the legs with replacement (100 times).

A, F=XF (i=12)

=1

.ﬁ.‘=_D;-A=

RESULTS

Searching Distance '

Table 1-a shows the searching distance (L) in 1991/92, and those
of the S5Vs were 2,168.8 n. miles in the first period and 2,949.2
n. miles in the second period. The SV was carried survey in the
southern strata (including the Prydz Bay stratum)}, and the total
searching distance by the SV were 1,811.9 n. miles in the first
period and 2,064.8 n. miles in the second period. The average
searching distance by the 5SVs in the southern strata were §550.9
n. miles in the first period and 6906.5 n. miles in the second
period. When the searching distence by the SV was compared with
that of the SSV in southern strata, the searching distance by
the SV were larger than that by the S§5V. The - -difference of the
searching distance between the SV and SSVs were observed in the
West—South and the Prydz Bay strata where the large number of



sightings for minke whales was observed.

Table 1-b shows the searching distances (L) in 1992/93. The
total searching distances in the entire survey area were 3,670.6
n. miles by the SV, 2,175.7 n. miles by the average of the SSVs.
On the other hand, the searching distance by the SSV in the SMZ
was 883.4 n. miles in the first period, 919.2 n. miles in the
second period, 706.7 n. miles in the third period. Similarly the
searching distance by the SV in the SMZ was 1,321.2 n. miles in
the first period, 1,383.3 n. miles in the second period, 96%.2 n.
miles in the third period. The difference of searching distance
in 19982/93 was cobserved between the SV and SSVs. .

Mean School Size

The Mean School Size (MSS) of the SV in 1981/92 was larger than
that of the S5V in the southern strata. Difference of the MSS, as
3.8 individuals by the SV and 2.7 individuals by the SSV, was
observed especially in the Prydz Bay stratum (Table 1-a).

In the entire survey area in 1992/93, difference of the MSS
was ohserved that the MSS of the SV was larger than that of the
55V, Significant difference, as 7.5 individuals of the SV and 1.4
individuals of the SSV was ohserved in the East-North stratum.
Seasonal change in the MSS in the SMZ were not confirmed both in
the SV and the SSV through the all periods (Table 1-b).

The Number of Sightings and Sighting Rate

Table 1-a shows the sighting rate (n/L) in 1991/92. The n/L of
the n/L of SV in each stratum (excluding the West-South stratum)
were higher than that by the SSV. Particularly, the difference of
the n/L between the SV (0.352) and the SSV {0.188) was observed
in the Prydz Bay stratum.

The n/L in 1992/93 were similar to that in 1991/92 as shown
in Table 1-b. The searching distance of the SV was longer than
that of the SSV, because the S§SVs did not steam on the track
line in the high density area, it was indicated that the n/L
decreased in the northern and southern strata from the first to
the third period.

Effective Search Width
The difference of this value was not confirmed between the 5SSV
and the SV (Table 1-a, 1-b}.

Estimation of Density

Table 1-a shows the estimated density (D) in 1991/92. The density
in the second period was higher than that in the first period.
The D in the East-Middle stratum in the first period was lower
than that in the West-Middle stratum in the first period, and the
D in the East-Middle stratum in the second period was not esti-
mated because of zero number of sightings.

Tahle 1-b shows the D in the SMZ in 1992/93. Difference of D
were not indicated between the first and second periods, but
they were significantly different between the second and +third
periods. The I in the third period was smaller than that in the
first and the second periods.

Comparing with the D between the SV and the SSV in 1991/92
and 1992/93, the D of the SV was larger than that of the S$SVs in



and 1992/93, the D of the SV was larger than that of the SSVs in
all were seen strata, especially in the stratum where large
sightings of the minke whales.

Estimation of population abundance

Tables 1l-a and 1-b show the results of estimation of population
abundance {(P) in 1891/92 and 1%92/93.

In order to estimate of the biological parameters of the
southern hemisphere minke whale, these results which were ob-
tained in 1991/92 and 1992/93 seasons were used for correction
of the age distribution.

DISCUSSION

Comparison of results with the SV and the SSV

By the comparison of results of the JARPA in 1891/92 and 1992/93 °

seasons, the reasons of the difference between the SV and the SSV
were as follows:

The searching distance of the SV was more than those of the
S8V. Difference of searching distance decreased in the sub-area
of low density and limitation of sampling. The reasons of these
differences are clearly related to sampling activity.

The difference of density indexes between the SV and the SSV
was also clear in high density areas. It is indicated that
density of the S8V is underestimated in high density area.
Therefore, the lengh of searching distance in high density area
is extremely related to sighting density.

Difference of MSS and ESW were not confirmed between the SV
and the SSV.

The D of the S$SVs in a research area changed to remarkably by
the degree of density. '

Yearly and seasonal changes of the D

Table 2 shows the D of the S8V in Area IV in 1989/90 and 1891/92
and in Area V in 1990/91 and 1992/93. In Area IV, yearly changes
were remarkably different in the Prydz Bay and the Eastern
sector, and they were no clear in the Western sector. The D in
the first period was lower than that the second period.

In 1992/93, an entire survey was conducted once in the peak
migration season of minke whales in the Antarctic. Therefore con-
paring with results of the entire survey in 1992/93 and those in
the second period in 1990/91, they were different in a part of
the northern strata, and not clear in the southern strata. And
seasonal changes of the D in the SMZ in 1992/93 were confirmed
to decrease from the first period to the third period gradually.
On the basis of those results, the change in whale density in the
research area were seen seasonally and yearly.

Compaison of abundance estimates between JARPA and IDCR

Kishino et al. (1991) and HNishiwaki et alI. (1892) noted that
abundance estimate by the JARPA were significantly smaller than
those of the IDCR. Similar tendency is observed in the present
surveys. The reasons of these differences can be analyzed by
several factors with which surveys were conducted. Differences of
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estimates between the JARPA and -the IDCR were considered particu-
larly to be related to the sampling activity and seasonality.
Comparing results of survey (Area IV in 1989/90 and 1991/92 with
those in Area V in 1990/91 and 1992/93), it was confirmed that
the yearly fluctuation in migration of minke whales occured. In
of the SMZ, differences of the length and timing of the survey
period were confirmed to be affected to the seasonal change of
abundance. Searching distance of the SV was significantly more
than those of the SSV. Remarkable differences of the abundance
were observed in high density area. As searching distance in the
high density was affected by sampling activity, the density of
minke whales by the 5V was also significantly higher than those
from the SSV. .

In 1992/93, an entire survey conducted once in the cruise, in
the peak migration season of minke whales to mateh the procedure
of the IDCR. Abundance estimates in Area V were 159,640 indi-
viduals (C.V. 0.383) by the SV of +the JARPA and 211,150 indi-
viduals (C.V. 0.174) by the closing mode of the IDCR in 1985/86
(Butterworth, 1988). Abundance estimate of the JARPA in 1991/92
is 24.4% lower thanthat in the 1985/86 IDCR. However, they are
not significantly different from each other, comparing the values
of C.V.

Difference between the JARPA and the IDCR is produced by the
effective search width. Kishino et al. (1991) noted that the
searching widths were apparently widened by additional observer
on the barrel. Although this manner was introduced to try to
achieve the g(0) to be 1, the small space on the barrel might
force the two of the threse observers to lie their searching
effort more direction of one side. Additionally, Fig. 2 shows
that observers in other platforms 1lay their searching effort to
one side. It is also point out rate of sightings in other plat-
forms of the JARPA (50%) is, higher than that of the IDCR (30% to
40%). The number of sightings in other platforms was considered
to. effect largely the ESW. However, the tendency. of such a
searching behavior of observers in other platforms will not be
solved, because the top mast are obstacle for the observes to
search forward.
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Table 2. Comparisca of the density (ind./10n.miles?) of SSVs in each year in the Area IV and Area V.

Area 1V Area ¥
Stratum 1991/92 1389/40 Stratum 1992/93 1990/91
First Peried First Period

East-Middle 0.084 (2.580)
West-Middle 0.162 (1.205)
East-South 0.389 (0.521)
West-South 0.479 (0.515)

Second Period
East-Middle 0.000 -
West-Middle 0.493 (0.262)
Fast-South 0.583 (0.532)
West-South ©.673 (0.713)
Prydz-Bay 3.468 (0.514)

0.517 (0.190)
0.313 (0.168)
2.204 €0.789)
0.324 (0.130)

0.577 (0.123)
0.293 (0.104)
2.416 (0.597)
0.5689 (0.178)*

The entire research area

East-North 0.255 (0.233)
West-North 0.935 (0.510)
East-South 0.173 (0.106)
West-South 0.740 (0.229)

Second Period

East-North 0.670 (0.220) -
West-North 0.169 (6.257)
East-South 1.392 (0.485)
West-South 1.385 (0.570)

* including the data in Prydz Bay

East-North  0.397 (0.142)
West-North  0.428 (0.470)
Fast-Seuth  1.267 (0.236)
West-South 1.447 (0.450)
Siratum 1892/93
The SMZ survey

First-North 0.480 (0.374)
First-South 1.679 (0.791)

Second-North 0.287 (0.080)
Second-South 1.101 {0.604)
Third-North - -

Third-South  0.781 (0.473)
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