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ABSTRACT

Whale sighting and hydroacoustic surveys part of the Japanese Whale Research Program under a Special
Permit in the Antarctic (JARPA) were conducted from the same research. vessel platform in 1998/1999
and in 1999/2000. High densities of minke whales and large aggregations of euphausiids were observed
along the ice edge above the continental slope in south-east stratum of Area IV and south-west stratum of
Area V. The importance of the continental slope zone is recognized as a minke whale feeding area. These
two strata are considered as the core feeding area of minke whales in Areas IV and V which determine
their movement in the Antarctic. Minke whales were rarely sighted in the offshore region even if
euphausiids were abundant. Distributions of humpback whales were correlated with high euphausiids
density zones regardless of the bottom topographic features. Humpback whales were sighted in both the
offshore and the continental slope zone where euphausiids were abundant. Several schools of blue whales
were sighted in the small area along the ice edge where euphausiids were abundant although more
observation is needed to confirm the distribution pattern of blue whales in the feeding area. Both baleen
whales and euphausiids were scarce in the area east of 170°W where sea ice covered the continental shelf
and slope zone.

INTRODUCTION

Euphausiids are the key species in the Antarctic marine ecosystem because baleen whales as well as other
animals, such as seals, birds, fishes and squids rely on euphausiids as the major component of their diet
(Laws, 1985). Even a relatively simple model showed that population dynamics of euphausiids apparently
affect the abundance of whales (Murphy, 1995). Though euphausiids have been known as the major food
source of baleen whales other than Bryde’s whales (Balaenoptera edeni) in the Southern Ocean, that
knowledge came mainly from examination of dead animals and we have little in-situ knowledge of
interspecific and intraspecifc competitions among them for food (Kawamura, 1994). Although theories of
ecosystem alternation caused by whaling operations have been suggested for a long time (Mackintosh and
Wheeler, 1929; Laws, 1977) few evidence such as the decline of mean age at sexual maturity of minke
whales (Kato, 1987) has been reported.

In addition to the ecosystem alternation being driven by the biotic factors, recent studies have
suggested that abiotic factors, such as retreat of sea-ice extent due to global warming and an increase in
radiation of ultraviolet light due to the ozone hole may substantially affect the Antarctic marine
ecosystem (Tynan and DeMaster, 1997) but the effects of abiotic factors on cetaceans is have not been
studied. For example fluctuation of krill abundance due to the changes in sea ice extent during winter was
reported (Loeb et al., 1997) but the effect of the fluctuation on cetacean abundance was not measured.
Because spatiotemporal variations in euphausiids distribution and abundance could affect the behavior of
whale stocks in the Southern Ocean, knowledge of dynamics of euphausiids could be helpful to confirm
stock identity (Pastene and Goto, 1999).

For those reasons understanding the relationship between the distribution and abundance of
euphausiids and baleen whales may provide useful information for developing management strategies for



the sustainable use of baleen whale resources. To understand the relationship between the distribution of
minke whales and euphausiids in the same given spatial and temporal environment, both acoustic surveys
of euphausiids and sighting surveys of whales must be conducted simultaneously. This paper is a the
preliminary report of the results of sighting surveys of baleen whales and hydroacoustic surveys of
euphausiids that were conducted in 1998/1999 and in 1999/2000 as part of the Japanese Whale Research
Program Under Special Permit in the Antarctic (JARPA). Underlying hypotheses are (1) whether the
distribution of baleen whales is related to the distribution of euphausiids given same temporal and spatial
environment, (2) whether the abundance of baleen whales is related to the abundance of euphausiids, and
(3) whether there is any evidence that shows interspecific competition among baleen whales.

JARPA has been conducted during the austral summer every year since the 1987/1988 season. The
primary objectives of the JARPA are (1) elucidation of the stock structure of the Southern Hemisphere
minke whales (B. acutorostrata) to improve the stock management, (2) estimation of biological
parameters of the Southern Hemisphere minke whales to improve the stock management, (3) elucidation
of the role of whales in the Antarctic marine ecosystem through the study of whale feeding ecology and
(4) elucidation of the effect of environmental changes on cetaceans. Among these four objectives this
study related mainly to objective (3).

MATERIAL AND METHODS

Research area

The 1998/1999 JARPA was conducted in the Antarctic Area V and the western part of Area VI (VI-W)
from 13 January to 31 March 1999. Area V was divided into three strata; north-west (V-NW), south-west
(V-SW), and south-east (V-SE). The 1999/2000 JARPA was conducted in the Antarctic Area IV and
eastern part of Area Il (III-E) from 5 December 1999 to 9 March 2000. Area IV was divided into five
strata; north-west (IV-NW), south-west (I1V-SW), north-east (IV-NE), south-east (IV-SE) and Prydz Bay
(IV-PB). lII-E was divided into two strata; south (IHI-E-S) and north (III-E-N). The details of the
1998/1999 and 1999/2000 JARPA area stratification were described by Nishiwaki et al. (1999) and
Ishikawa ez al. (2000), respectively. Fig. 1 is a schematic map of research area.

Sighting survey of cetaceans

Details of cruise track design and sighting survey methods in the 1998/1999 and the 1999/2000 JARPA
are described by Nishiwaki et al. (1999) and Ishikawa et al. (2000), respectively. The sighting vessel (SV),
Kyoshinmaru No.2 (368 GT) was engaged in the sighting of the minke whales as well as other large
baleen whales over the entire area. Principally the SV conducted the survey 8 hours per day by passing
mode and 4 hours per day by limited closing mode. The sighting survey was conduced during diurnal
hours. The nominal steaming speed of SV on the track line was 10.5 knots. Density index (DI, number of
whales seen per 100 n. miles) of minke, blue, fin and humpback whales in each stratum were calculated to
see density differences among strata.

Acoustic survey

A Simrad EK500 scientific echo sounder (Norway) with software version 5.30 operating frequency at 38,
120 and 200 kHz on board the SV was used to collect data for the acoustic survey. Data collected at 120
kHz were used for further data analysis. The transducers were hull-mounted at the depth of 4.3 m from
the surface. Bach transducer was covered with a 40 mm polycarbonate acoustic window to minimize the
damage on the transducer surface from contacting sea ice. The hydraulic oil filled the space between the
transducer surfaces and the acoustic windows. Calibrations were carried out before the survey in
temperate waters off the coast of Matsuyama, Japan (29 October 1998 and October 28 1999) and at the
middle of the survey (2 February 1999 and February 2000) in the Antarctic. The copper sphere technique
that described in EK 500 operation manual (Simrad, 1997) was applied for the calibrations. Data were
stored and interpreted with the aid of Simrad BI 500 post processing system.

We adapted the acoustic data analysis described by Hewitt and Demer (1993) and Demer and Hewitt
(1995). The following procedures came from those papers. Mean backscattering area per square n. mile of



survey transect (s,) attributed to krill for every 1 n. mile of survey transect over 10 to 250 m depth was
calculated by following formula;

2
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where r is depth from the surface, ry = 1m representing the reference range for backscattering strength and
sy = 0 if 10 log (sy) = -81dB, because threshold backscattering was set at -81 dB. Because direct
sampling method to identify species was not available, the potential euphausiids swarms detected on the
echogram were attributed to euphausiids for this preliminary analysis.

Krill backscattering cross scction area (6) was calculated with the following formula based on krill target
strength described by Greene et al. (1991):
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where [ was standard length of krill. Krill wet weight (w) was calculated with the following formula
based on Sicgel (1986):

w = 0.00193/%%

Average area krill biomass density (; ) was calculated as follows;
— w B
p=S,2=0.249175
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Then frequency distribution of euphausiids standard length ( f; ) was applied to the following formula;

p= 0.2492 £,A)°s,

Because minor variation in the frequency distribution of krill length did not affect the krill biomass
estimate, a combined distribution data based on Loeb and Siegel (1992) was used (Demer and Hewitt,
1995) as follows;

2 £,4)°"® =0.562

With this formula mean krill biomass of each transect in each stratum was calculated.
Mean krill biomass density ( 0 ) of each stratum was;
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where N = number of transects, 0, = mean density on the ith transect and #; = number of 1 n.
mile averaging intervals on the ith transect. In this formula, each transect was regarded as a single
biomass density sample (Hampton, 1987; Jolly and Hampton, 1990). Then variance of 0 was
calculated with the formula (Jolly and Hampton, 1990; Simmonds et. al., 1991);
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95% confidence interval of it was computed with the following formula adopted at the POST-FIBEX
Acoustic Workshop (1986);

95%CI(p) = +t(N ~1)Var(p) .

;:

Comparison of distribution and abundance of baleen whales and euphausiids

For visual spatial analysis, we drew thematic maps that included sighting, echo sounder, ice edge line and
topography data with the aid of the Marine Explorer geographic information system (GIS)
(Environmental Simulation Laboratory Inc., Japan). The ice edge line was constructed based on
observations of the research vesse] and Ice Analysis (National Icec Center, U.S.). Because the position of
the ice edge was significantly changed as the season progressed, the ice edge line that was observed
during the southern stratum research periods was drawn on the figure. The 500m interval isobaths
between 500 m and 3,000 m were drawn because the steep continental slope exists within this depth range
around the Antarctic continent. Qualitative analysis was made using these maps.

RESULT

Baleen whale sightings

Cetacean searching distances were 3,181.4 n. miles in the 1998/1999 season and 4,963.2 n. miles in the
1999/2000 season (Table 1). Cruise tracks is shown in Fig. 2. A summary of primary sightings and D1 for
minke, blue (B. musculus), fin (B. physalus) and humpback (Megaptera novaeangliae) whales in each
stratum is shown in Table 2. Geographical distributions of baleen whales in the 1998/1999 JARPA arc
shown in Figs 4-6 and in the 1999/2000 JARPA are shown in Figs 8-10.

1998/1999 season

The highest minke and humpback whale DIs were recorded in V-SW while the lowest DIs were recorded
in VI-W. Though minke whale DI in V-NW was relatively high, most sightings were concentrated in the
southern part of the stratum (Fig. 4). High fin whale DI was recorded in V-SE. Only 15 individuals (6
schools, including secondary sightings) of blue whales were sighted throughout all surveyed strata. Of
these, 13 individuals of 5 schools were recorded in the small marginal ice edge zone above the continental
slope on January 21, 1999 (Fig. 12). Other baleen whales, minke, fin and humpback whales were also
detected in this small area. Few baleen whales were sighted in the offshore region between 130°E and
165°E and in the area east of 170°W.

1999/2000 season

DIs of minke and humpback whale were exceptionally high in IV-SE. Minke whale DIs were higher in
the southern stratum (including Prydz Bay) than in the northern stratum in both Area III east and Area IV.
Humpback whale DIs did not show a distinctive north-south difference. Relatively high humpback DI
was recorded in IV-NE. High DIs of fin whale were observed in III-E and IV-NE. Blue whales were
sighted in I1I-E-N, III-E-S and IV-NE.



Euphausiids distribution and density

A total of 3,688 n. miles and 6,538 n. miles of data were analyzed for 1998/1999 and 1999/2000 seasons,
respectively (Table 3). Table 3 also shows the densities of euphausiids in each stratum. Acoustic transects
are shown in Fig. 3. Geographical distributions of euphausiids in the 1998/1999 and in the 1999/2000
JARPA are shown in Fig. 7 and Fig. 11, respectively.

1998/1999 season

Euphausiids densities were higher in V-SW and V-SE than the others though the variances were high
because the difference between the highest and the lowest densities were large in both strata. Western half
of V-SW (transect 10-17) showed higher densitics than eastern part of the stratum (transect 1-9). This
west-east trend was also found in V-NW to some extent. Significantly low density was recorded in VI-W.

1999/2000 season

Euphausiids densities were high in IV-NW and IV-NE but these were due to the contributions of the first
transects in each stratum (Table 3(c)). High concentrations of euphausiids on these transects
(IV-NW=56.3g/m? IV-NE=43.9g/m") could be associated with their close location to the ice edge line
when the survey was conducted. Euphausiids densities in IV-NW and IV-NE were 8.8g/m® (variance =
0.9, CL = *+2.3) and 13.0g/m? (variance = 2.2, CL = #3.5) respectively, without the first transects for each
stratum. Because the accuracy was increased after excluding the first transect in each stratum, first
transect excluding densities were seemingly applicable to these stratum. These values were used for
comparison among strata. Euphausiids density was the highest in HI-E-S. IV-SE and I1V-PB showed
relatively high densities. Density was the lowest in IV-NW,

Relationship between distribution of baleen whales and euphausiids

High concentrations of minke whales were correlated with large aggregations of euphausiids along the ice
edge above the continental slope in both research seasons. These situations were apparent between 153°E
and 160°E (V-SW) and between 104°E and 117°E (IV-SE) (Figs 4, 7, 8, and 11). Few minke whales were
sighted in offshore regions even if euphausiids were concentrated.

Distribution of humpback whales was associated with large aggregations of euphausiids independent
from topographic future. These situations were found in III-E (35°E to 70°E) and in the eastern part of
Area IV (100°E to 130°E) (Figs S, 7, 9, and 11).

It is difficult to see the relationship between distribution of fin and blue whales and distribution of
euphausiids because of small number of sightings. Fin whale distribution was generally high where
euphausiids were dense but some sightings were made where euphausiids were scarce. Blue whales also
tended to aggregate in the high euphausiids density area. Blue whale schools sighted on January 21, 1999
were associated with high density of euphausiids (Figs 12 and 13).

Relatively few balcen whale sightings were made in the area east of 170°W where euphausiids were
scarce.

DISCUSSION

Hydroacoustic surveys revealed that high density of euphausiids were formed in the areas where the ice
edge was located just above the continental slope in V-SW and IV-SE in the 1998/1999 and in the
1999/2000 JARPA surveys, respectively., High densities of minke whale coincided with high densities of
euphausiids in these areas. Areas along the ice edge above the continental slope in IV-SE and V-SW were
identified as the potential core feeding areas of minke whales from January to February. Most of the
cruise tracks in those areas during the surveys covered the arca where the ice cdge and continental slope
zone were coincident. Considerably large number of minke whales compared with previous surveys was
sighted in V-SW during the 1998/1999 JARPA (Nishiwaki er al, 1999) and in IV-SE during the
1999/2000 JARPA (Ishikawa et al., 2000). These sightings could be associated with the presence of large



aggregation of euphausiids in those areas.

At least three factors could have contributed to the formation of the core feeding area. Firstly, the
Antarctic slope front is characterized by a noticeable gradient of water temperature and chemistry hence
enhancing the biological productivity (Jacobs, 1991). Secondly, the ice edge region is expected to have a
high phytoplankton density because of the stabilized water column (Smith and Nelson, 1986) thus it could
serve as feeding ground for euphausiids. Finally, the Antarctic slope zone is considered as favorable
euphausiids spawning ground (Ichii et al., 1998(b)). These multiple factors likely interact with each other
to provide suitable habitat for euphausiids. As a result, a high euphausiids density area could be formed.
Minke whales then aggregate in such areas for feeding.

The encounter rate of minke whales during IDCR cruises (1976-1988) was relatively high in the
above mentioned area (Kasamatsu et al., 1996). It should be noted that the continental slope region in
V-SW was covered by sea ice during the austral summer months in the 1994/1995 JARPA which resulted
in poor body fat condition of minke whales due to food shortage in that year (Ichii et al., 1998(a)). This
result strongly supports the idea that the continental slope zone in V-SW is an important minke whale
feeding ground. Though yearly environmental change exists, IV-SE and V-SW are seemingly consistent
feeding areas which may influence the movement of minke whales in the Ataractic. Minke whale
distribution was concentrated in the area where the ice edge and the continental slope were coincident and
rarely seen in offshore regions even if euphausiids were abundant. The reason for this phenomenon is
open to question.

In contrast to minke whale, humpback whale distributions were associated with the high euphausiids
concentration areas formed in the continental slope and in the offshore zones. The euphausiids high
density area in the offshore zone is associated with the ice edge retreating (Ichii, 1990). In the waters
around 60°S, 100°E, many humpback whales were sighted and high cuphausiids density was observed
These waters were covered with sea ice one week before the survey took place. Thus high density of
euphausiids in these waters could be related to the rapid retreating of sea ice. High density of euphausiids
related to the retreating ice edge was also observed in III-E. In addition to the effect of ice retreating,
northward water flow has been detected in the waters around 60°S, 100°E (Ichii, 1990) which may be
related to the distribution of euphausiids in the offshore zone. Krill transport by means of large scale flow
is suggested in the Scotia Sea (Hofmann et al., 1999). An XCTD oceanographic study in 1997/98
indicated that distribution of humpback whales between 80°E and 120°E could be related to presence of
the southern boundary of the Antarctic Circumpolar Current (SB-ACC) (Matsuoka et al., 2000 (a)).
Oceanographic features must be considered in future research. It is uncertain why humpback whales
utilize both offshore and continental slope zones at this time but this characteristic could be an
advantageous feeding strategy over other baleen whales in the Antarctic.

Several schools of blue whales tended to aggregate in the area where euphausiids were dense though
sightings were too few to draw conclusions. Blue whale calls were recorded by the retrievable sonobuoy
system in the area where blue whales aggregated on January 21, 1999 (Matsuoka et al., 2000 (b)). Blue
whale vocalization may be related to aggregation in the feeding area but this required further study.

Few balecn whale sightings were made in the area east of 170°W where euphausiids were also scarce.
Euphausiids are rarely found in the Pacific sector (80°W to 180W®) because sea ice totally covers the
continental shelf (Ichii, 1990). Only immaturc minke whales were observed around there during the
1998/1999 JARPA. The result was different from the 1996/1997 JARPA when the proportion of pregnant
females in the stratum was high (Nishiwaki et al., 1999). The reason for the different distribution pattern
of minke whales is uncertain but euphausiids abundance in the area may affect the distribution pattern of
minke whales.

ACKNOWLEDGMENTS

The authors would like to thank Drs. Hiroshi Hatanaka (the National Research Institute of Fisheries



Science, Japan) and Seiji Ohsumi (the Institute of Cetacecan Research, Japan) for their critical comments
on the manuscript. We also thank all of the researchers and crews who engaged in the 1998/99 and the
19997200 JARPA surveys. Special attention must be paid to captain Kiyoshi Matsuzaka ,captain Hideharu
Kamei, the crews and researchers, Sizue Otose and Takuro Ohshima on Kyoshinmaru No. 2 for their
dedication to collecting data.

REFERENCES

Anon. 1986. Post-FIBEX acoustic workshop. BIOMASS Report Series, No. 40, Scientific
Committee Antarctic Research, Cambridge. 106pp.

Demer, D. A. and Hewitt, R. P. 1995. Bias in acoustic biomass estimates of Euphausia superba due to
diurnal vertical migration. Deep-sea Res. 42: 455-475.

Greene, C. H., Stanton, T. K., Wiebe, P. H. and McClatchie, S. 1991. Acoustic estimates of Antarctic
krill. Nature 349: 110.

Hampton, 1. 1987. Acoustic study on the abundance and distribution of anchovy spawners and recruits
in South African waters. In: Payne, A. 1. L., Gulland, J. A. and Brink, K. H. (eds.) The
Benguela and comparable ecosystems. S. Afr. Mar Sci. 5: 901-917.

Hewitt, R. P. and Demer, D. A. 1993. Dispersion and abundance of Antarctic krill in the vicinity of
Elephant Island in the 1992 austral summer. Mar. Ecol. Prog. Ser. 99: 29-39.

Hofmann, E. E., Klinck, J. M., Locarnini, R. A., Fach, B. and Murphy, E. 1999. Krill transport in the
Scotia Sea and environs. Atarct. Sci. 10: 406-415.

Ichii, T. 1990. Distribution of Antarctic krill concentrations exploited by Japanese krill trawlers and
minke whales. Proc. NIPR Symp. Polar Biol. 3: 34-45.

Ichii, T., Sinohara, N., Fujise, Y., Nishiwaki, S. and Matsuoka, K. 1998(a). Interannual changes in
body fat condition index of minke whales in the Antarctic. Mar. Ecol. Prog. Ser. 175: 1-12.

Ichii, T., Katayama, K., Obitsu, N., Ishii, H. and Naganobu, M. 1998(b). Occurrence of Antarctic krill
(Euphausia superba) concentrations in the vicinity of the South Shetland Islands; relationship
to environmental parameters. Deep Sea Res. 45: 1235-1262.

Ishikawa, H., Murase, H., Tohyama, D., Yuzu, S., Ohtani, S., Mogoe, T., Masaki, T., Kimura, N., Ohsima,
T., Konagai, T.Masatsugu, Asada, Takeuchi, J. and Kinoshita, T. 2000. Cruise report of the
Japanese Whale Research Program under a Special permit in the Antarctic (JARPA) Area 1V
and eastern part of Area IIl. Paper SC/52/0S7 presented to the IWC Scientific Committec,
June 2000 (unpublished). 27pp.

Jacobs, S. S. 1991. On the nature and significance of the Antarctic Slope Front. Mar. Chem. 35: 9-24,

Jolly, G. M. and Hampton, 1. 1990. A stratified random transect design for acoustic surveys of fish stock.
Can. J. Fish. Aquat. Sci. 47: 1282-1291.

Kasamatsu, F., Joyce, G. G., Ensor, P. and Mermoz, J. 1996. Current occurrence of baleen whales in
Antarctic waters. Rep. Int. Whal. Commn. 46: 293-304.

Kato, H. 1987. Density dependent changes in growth parameters of the southern minke whale. Sci. Rep.
Whales Res. Inst. 38: 47-73.

Kawamura, A. 1994. A review of baleen whale feeding in the Southern Ocean. Rep. Int. Whal.
Commn. 44:261-271.

Laws, R. M. 1985. The ecology of the Southern Ocean. Am. Sci. 73: 26-40.

Laws, R. M. 1977. Seals and whales of the southern ocean. Philos. Trans. R. Soc. Lond. (B Biol.
Sci.) 279: 81-96.

Loeb, V. and Siegel, V. 1992. AMLR Program; krill stock structure in the Elephant Island area,
January —-March, 1992. U. S. Antarct. J. 214-216.

Loeb, V., Siegel, V., Holm-Hansen, O., Hewitt, R., Frascr, W., Trivelpiece, W. and Trivelpiece, S. 1997.
Effects of sea-ice cxtent and krill or salp dominance on the Antarctic food web. Nature 387:
897-900.

Mackintosh, N. A. and wheeler, J. F. G. 1929. Southern blue and fin whales. Discovery Rep. 1: 257-540.

Matsuoka, K., Watanabe, T., Ichii, T., Shimada, H. and Nishiwaki, S. 2000(a). Relationship between the
southern boundary of the Antarctic Circumpolar Current and large whale distribution in the
Antarctic Arcas IIIE and IV using 1997/98 JARPA data. Paper SC/52/E4 presented to the IWC



Scientific Committee, June 2000 (unpublished). 15pp.

Matsuoka, K., Murase, H., Nishiwaki, S., Fukuchi, T. and Shimada, H. 2000(b). Development of the
retrievable sonobuoy system for whale sounds recording in polar region. Paper SC/52/07
presented to the IWC Scientific Committce, June 2000 (unpublished). 7pp.

Murphy, E. J. 1995. Spatial structure of the Southern Ocean ecosystem: predator-prey linkages in
Southern Ocean food webs. J. Anim. Ecol. 64: 333-347.

Nishiwaki, S., Tohyama, D., Yuzu, S., Bando, T., Watanabe, M., Kitajima, A., Takeda, S., Murase, H.,
Otose, S., Okubo, J., Tsutsui, S., Takatsuki, M. and Kinoshita, T. 1999. Cruise report of the
Japanese Whale Research Program under Special permit in the Antarctic (JARPA) Area V and
western part of Area VI. Document SC/51/CAWS10 presented to the IWC Scientific
Committee, May 1999 (unpublished).. 20pp.

Pastene, L. A. and Goto, M. 1999. Review of the studies on stock identity in the minke whale
Balaenoptera acutorostrata from the Southern Hemisphere. Paper SC/51/CAWS30 presented
to the IWC Scientific Committee May 1999 (unpublished). 28pp.

Scigel, V. 1986. Structure and composition of the Antarctic krill stock in the Bransfield Strait
(Antarctic Peninsula) during Second International BIOMASS Experiment (SIBEX). Arch.
Fishc. Wiss. 37: 51-72.

Simmonds, E. J., Williamson, N. J., Gerlotto, F. and Aglen, A. 1991. Survey design and analysis
procedures; a comprehensive review of good practice. Comm. Meet. int. Coun, Explor. Sea
1991/B:54.

Simrad. 1997. Simrad EK500 Scicntific Echo Sounder Operation Manual P2170G. Simrad AS
Horten, Norway.

Smith W. O. and Nelson, D. M. 1986. Importance of ice edge phytoplankton production in the Southern
Ocean. BioSci. 36: 251-257.

Tynan, C. T. and DeMaster D. P. 1997. Predictions of Antarctic climatic and ecological response to global
warming and ozone depletion. Rep. Int. Whal. Commn. 47: 989-953.



Tablel. Research periods and searching distance of sighting surveys in 1998/1999 season (a) and
1999/2000 season (b).

(a)
Research Period Searching
Arca Stratum Start End Distance
NW 1/14/99 2/2/99 961.8
\Y% SW 2/3/99 2/21/99 647.5
SE 2/22/99 3/13/99 3773
VIW 3/14/99 3/28/99 542.0
(b)
Research Period Searching
Area Stratum Start End Distance
North 12/5/99  12/13/99 715.9
IIE 12/21/99  12/26/99
South 12/14/99  12/21/99 322.4
NW 12/27/99  1/11/00 999.1
NE 1/11/00 1/26/00 1043.7
v SE 1/28/00 2/18/00 819.5
SW 2/18/00 2/29/00

3600 300 708
Prydz Bay 3/1/00 3/6/00 391.8




Table 2. Summary of baleen whale primary sightings and density index (DI, number of whales seen per
100 n. miles) in 1998/1999 season (a) in Area III east in 1999/2000 season (b) and in Area IV in

1999/2000 season (c).
(@
A VI-W
Species NW SW SE
i sch. ind. DI sch. ind. DI sch. ind. DI sch. ind. DI
Minke whale 53 301 3130: 114 476 7351 36 105 2783 : 61 68  12.55
Blue whale 2 4 0.42 - - - 1 2 053 - - -
Fin whale P4 17 177 & - - - 11 96 2544 4 13 240
Humpback whale| 8 21 218 i 15 31 479 4 11 292 3 4 074
(b)
E
Species North South
sch.  ind. DI sch.  ind. DI
Minke whate 10 12 1.68 60 126 39.08
Blue whale 5 9 1.26 1 4 1.24
Fin whale 7 36 503 7 22 682
Humpback whale : 15 28 391 13 32 993
©
[\
Specics NW NE SE SW Prydz Bay
sch. ind. DI sch. ind. DI sch. ind. DI sch. ind. DI sch.  ind. DI
Minke whale 6 7 0.70 58 78 747 i 178 973 11873: 122 391 5829 : 57 184  46.96
Blue whale - - - 4 6 0.57 - - - - - - - - -
Fin whale 1 1 0.10 3 91 8.72 - - - 2 4 0.60 - - -
Humpback whale: 14 28 2.80 72 131  12.55 89 169 20.62 32 68 1014 : 3 6 1.53
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Table 3. Euphausiids density in each stratum in 1998/1999 season (a), in eastern part of Area Il in
1999/2000 scason (b) and in Area IV in 1999/2000 season (c). n; = number of 1 n. milc averaging
intervals on ith transect; SA = mean backscattering arca per square n. mile of sea surface; ii = weight
density of euphausiids per square mater (g/m>).

(2)

Arca v vi
Stratum NW W hH Wesicrn part
Transect 1 SA 2 ni SA a ni SA n ni SA a
1| & 145 20 K 40.8 57 1 1073 150 12 0.665 0.093
2l 3 108.9 152 45 s 46.0 39 T4 .2 53 6.377 0.893
3 25).2 382 38 633 49 o an o0 61 8,537 1.395
4| 405 1226 179 45 59 08 2 7.0 30.4 39 @000 0.000
5| m 1768 2.7 108 68 10 12 .6 6.2 14 0.045 0.006
6| 38 00 [ 1] 55 159 22 L] @.000 0.000
7 119 62.5 w7 58 20.6 29 35 G181 0025
B] 54 10 L3} M 1250 1.5 37 ¢.216 0.03¢
9| 40 44 0.6 6 426.0 59.6 6 ©.000 040G
1 49 349.3 48.9 41 182) 25.5 45 ©.000 0.0}
1 k 124.6 174 9 1290 14 55 ©0.000 0.000)
12} k] 149.8 2.0 At 145 26 PA] ©.000 0.000
134 125 6404 897 40 2.0 4.5
t4 a8 a2 60y
15 96 2928 30
16 B 266 203
17 20 1234, 123
1405 1152 54) 590
Weighted mean » .7 253 27 a.210
Weighted vasiance 2 88 ny wmIy ¢.020
Lo 12.0 8.4 19.5 ¢.310
(b)
Arca 111 East
Stratum Notth Soulh
Transecl ni SA n ni SA 4
1} 383 54.4 7.6 48 95 13
2F 350 167.3 234 106 89.7 12.6
3] 100 92.3 129 43 61.2 86
al 88 125.0 12.5 51 176.1 246
5| = 15.6 22 39 362.6 508
6| 39 488.4 68.4
7] 66 4.1 20
SESUSSOSRON.. NOVOO: I a5 812 122
1312 437
Weighted mean 13 19.1
Weighied variance o 240 484
Cl. 4 13.6 16.5
©
Arca v
Steatum NW NE SE SW Prydz Bay
Transect n SA p oni SA n ni SA n ni SA n ni SA n
1| 240 4.0 563 2820 313.9 439 93 127 18 0 0.0 00 147 144.0 202
2| 244 78.) 109 &30 B8.6 124 40 74 10 i 44 2324 325 100 333 4.7
3] 299 52.3 73 309.0 121.0 16.9 n2 91.3 128 1 101 655 92 156 1371 19.2
4] 3n 66.0 9.2 3320 86.4 121 46 3146 53 0 0.0 00 25 2113 296
351 23 0o 0.0 23.0 0.0 0o 96 59 08 44 21435 300
6 45 31.0 3 1 4« 528 74
7 19 1334 187 : 123 64.1 2.0
R 47 69.3 97 i 45 30.6 a3
9 86 266.5 373 1% 79 109
] 39 1173 164 : 33 00 0.0
1 9n 3988 558 i 108 3438 4.9
12 41 237 33 0 00 0.0
13 93 194.8 213 ki3 194.0 272
14 51 533 75 45 303 4.2
&3 62 53.8 75 108 203.7 285
6 ah 527 74
17 Mo 99
Lo, m7 12570 1061 926 i o428
Weighted mean o 19.0 20.3 163 137 167
Weighted variance o 1058 46.8 222 89 143
CL o 28.5 190 ¢ i [18] 63 12.0
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Figure 1. Schematic map of research area in 1998/1999 and 1999/2000 in JARPA surveys.
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Figure 2. Sighting survey tracklines in the 1998/1999 and 1999/2000 JARPA surveys. Solid line
= on effort; dashed line = off effort.
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Figure 3. Acoustic transects in the 1998/1999 and 1999/2000 JARPA surveys.
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Fiugre 4. Primary sighting positions and school sizes of minke whales in the 1998/1999 JARPA. Bold line
= ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 5. Primary sighting positions and school sizes of humpback whales in the 1998/1999 JARPA. Bold
line = ice edge line; thin lincs = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 6. Primary sighting positions and school sizes of bluc and fin whales in the 1998/1999 JARPA.
Bold line = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 7. Weight densities (g/mz) per 1 n. mile integrated interval of cuphausiids in the 1998/1999 JARPA.
Bold line = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 8. Primary sighting positions and school sizes of minke whales in the 1999/2000 JARPA. Bold line
= ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.

s P

ns

sback—whalel

3

flq

30C 400 50€ (1] 70C 80E 90E 100C 110€ 120t 1 30€

Figure 9. Primary sighting positions and school sizes of humpback whales in the 1999/200 JARPA. Bold
line = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 10. Primary sighting positions and school sizes of blue and fin whales in the 1999/2000 JARPA.
Bold line = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 11. Weight densities (g/m?) per 1 n. mile integrated interval of euphausiids in the 1999/2000
JARPA. Bold linc = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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Figure 12. Sighting positions and school sizes of baleen whales in the area where 13 individuals of blue
whales were sighted on January 21 1999. Bold linc = ice edge line; thin lines = 500 m interval isobath

from 500 m to 3000 m depth.
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Figure 13. Weight densities (g/m®) per 1 n. mile integrated interval of euphausiids in the same area in Fig.
12. Bold line = ice edge line; thin lines = 500 m interval isobath from 500 m to 3000 m depth.
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