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Abstract  Antarctic krill ( Euphausia superba) were collected from the Prydz Bay region
during the austral summer of 1999/2000. The sample — collection was made at 15 sites in
3 longitudinal transects. Although krill were encountered at 14 sites, the abundance was
comparatively low in general. The main component of the krill population was of post -
larval stages. The mean numerical and weight density of krill integrated for all sampling
stations in the survey area were 16. 17 ind. 1000 m ~3and 12. 02 g 1000 m 3, respective-
ly. In the survey area, stations with larger krll density are mainly located in the slope
zone, except that the largest sample was collected in the open sea zone. No krill occurred
in the only station of the shelf zone during our investigation. Krill collected from the slope
zone were under better growth condition than those from the open sea zone, but when the
survey area is considered as a whole, the growth condition is normal. The results of the
comprehensive analysis of the environmental factors show that the three large sample sta-
tions seem to be related with the cold water mass at 75 m depth and the confluence area
between the high and low Chl a centers at the depth of 25 m.

Key words Antarctic krill ( Euphausia superba) , Prydz Bay, Antarctica, growth condi-
tion.

1 Introduction

Though Marr (1962) and Mackintosh (1973) suggested that the South Indian Ocean
might be another fishing area of Antarctic krill ( Euphausia superba) other than the South
Atlantic Ocean, little work has been done before BIOMASS program in this region ( EI -
Sayed et al. 1979; Hempel 1983 ). Since the initiation of BIOMASS program, more and
more research work (Inagake et al. 1985; Lubimova et al. 1985; Hosie et al. 1988 ; Hig-
ginbottom and Hosie 1989; de la Mare 1994 ; EI - Sayed 1994 ; Hosie and Cochran 1994 ;
Hosie et al. 2000) and some fishing programs ( Dolzhenkov and Timonin 1990; Ichii
1990) concerned with the study of Antarctic krill in this region have been increasingly con-
ducted. In 1994, the international GLOBEC working group recommended some areas of the
South Indian Ocean as one of the three principal study areas for SO — GLOBEC field stud-
ies. But some later studies ( Hosie et al. 1988 ; Pauly et al. 2000) carried out in the limit-
ed area of the South Indian Ocean show that the krill abundance was very low.

China is engaged in the Antarctic research program in 1980%, and became one of the
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participants of the SO ~ GLOBEC program in 1994. In 1985, China commenced the work
related to ecology and biology study on Antarctic krill. Except a few sporadic investigations
carried out near Antarctic peninsula areas ( Wang 1989,1990; Wang and Chen 1989),
where Great Wall station is located, most of the research work was carried out in some areas
of the Indian Ocean, especially in the Prydz Bay region ( Wang and Zhong 1993 ; Wang et
al. 1993a, b; Zhong and Wang 1995; Sun et al. 1995; Sun and Wang 1995, 1996).
However, the majority of these works were concerned mainly with the biology of Antarctic
krill, little work was done on the distribution and abundance of krill. In the austral summer
of 1999/2000, net sampling was carried out in the Prydz Bay region. The purpose of this
paper is to present the results of the net sampling on the distribution, abundance and growth
condition of Antarctic krill, and to provide some more actual information for better under-
standing of Antarctic krill population variation in the Prydz Bay region.

2 Materials and methods
2.1 Survey tracks

The area between 70. 5°E and 75. 5°E was surveyed from 18 to 27 of January, 2000.
Three longitudinal transects (along 70.5°E, 73°E and 75.5°E) and a total of 15 sampling
stations were included. The intervals of the two neighboring sampling sites along each tran-
sect was one degree off the slope, and half degree near the shelf. The cruise tracks and the
details of the sampling stations are shown in Fig. 1.
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Fig. 1. Transects, stations and survy tracks.
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2.2 Sampling and analysis

Oblique tows were made to collect krill from around the 200 m depth to the surface by
using the IKMT (Isacca — Kidd Midwater Trawl) net, whose mouth area was 2 m?, mesh
size 6 mm, under the speed of 2 —4 knots. Similar to the RMT8 net ( Rectangular Midwater
Trawl) (Pommeranz et al. 1982; Roe et al. 1980), the effectiveness of the IKMT net can
also be affected by the trawling speed and the trawling trajectory. In our study, we assumed
that 2 m? mouth area of the IKMT net remained steady and kept open through each opera-
tion, thus the volume of the water filtered each time was determined through multiplying the
trawling speed by the trawling time and mouth area.

The sample collected in the field was preserved in 5% formaldehyde seawater solution
for later examination. After the voyage, Krill samples were sorted and measured in the land
laboratory. Overall wet weight of each whole sample were measured first, then a sub — sam-
ple of about 400 krill individuals was randomly selected from each sample for body length
measurement ( standard 1, Mauchline 1980) (using vernier caliper, measured to mm),
eye diameter measurement (using the dissecting microscope with a micrometer, measured to
0.1 mm) and maturity stage analysis ( according the standard of Makarov and Denys
(1981) ) ; and all individuals were analyzed in the case of small ( <400 individual) krill

catches.
2.3 Observation of environmental factors

Seawater was collected from the depth of 0 m, 25 m, 50 m, 100 m, 150 m, and 200
m at each station for the determination of Chl a concentration. During the experiment, 250
ml seawater was filtered through the GF/F ( Whatman) filter membrane, and the phyto-
plankton cells trapped on the membrane was extracted with 90% acetone for 24 h. The Chl
a concentration of the extracting solution was determined by using the Turner Designs Fluo-
rometer, Model 10.

The temperature and salinity data obtained from the CTD system was provided by the
First Institute of Oceanography, SOA.

3 Results

3.1 Distribution and abundance

Euphausia superba post — larval stages (adult and juvenile) occurred at most of the
stations in the study area, though the densities were very low (fig.2 a, b). Kirill distribu-
tion was rather patchy in the survey area, density ranged from 0. 1 to 185. 81 ind. 1000
m 3 in number and 0. 12 to 128.64 g1000 m ~3 in weigh. Krill abundance rarely exceeded
4 ind. 1000 m ~3 and 3 g1000 m ~3, except for stations I =3, Il —6 and [V -4, the three
large sample stations, where krill densities were more than 20 ind. 1000 m =3 or 11 g1000
m~3. At I -3 station krill density reaches the highest value, 185. 81 ind. 1000 m =3 in
number and 128. 64 g1000 m =3 in weight. No krill were found at I -9, the only station
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that lies south of the 1000 m isobath in the survey area. The mean numerical and weight
densities of krill integrated for the whole survey area, calculated from the total number or
wet weight of krill divided by the total volume of water filtered, were 16. 17 ind. 1000 m =3
and 12.02 g1000 m ~3. Leaving aside the station Il -3, krill densities were relatively high
and more evenly distributed in the slope zone (between 1000 m and 3000 m isobath) than
those in the open sea zone ( >3000 m).
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Fig.2. Distribution and abundance of Euphausia superba . a; The numerical density of Euphausia superba (ind.
1000 m ~3) ; b: The wet weight density of Euphausia superba (g1000 m~3)

During the investigation period, 15 net hauls were carried out in the survey area, of
these 14 caught krill, but only 7 nets caught more than 15 individuals, the other catches
were all very small (1 — 7 individuals). We analyzed the 7 samples whose catches were
more than 15, and plotted its frequency distribution of maturity stages in Fig. 3. From the
picture we can see that juvenile stage was found only at 2 stations ( I =3 and IV ~4), and
its proportion was very low. The proportion of female was ascending from slope zone to open
sea zone along the transect Il , but there is a reverse trend along the transect I or IV.
Gravid females were found at the three large sample stations and station [l —8, but only at
station [l —3 and Il -8, the proportion of gravid individual attains a value higher than
30%. The last adult stage of male, 3BM stage, was found at almost all stations analyzed,
this indicates that male krill usually matured more quickly than female ones.

3.2 Growth condition

Sun and Wang (1996) studied the relationship between the diameter of the compound
eye and the growth of the Antarctic krill, they proposed that the ratio of body length to eye
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Fig.3. Percentage — frequency distribution of Euphausia superba post —larval maturity stage. ] =juvenile; 2F =
sub — adult female; 3AF = mature female not mated; 3BF = mated mature female, ovaries small; 3CF = mated ma-
ture female, ovaries fill thoracic space; 3DF = spawning female; 3EF = spent female; 2ZAM — 2CM = sub - adult
male with developing petasma; 3AM = mature male, no spermatophore in ampullae; 3BM = mature male with sper-
matophore, ready to mate.

diameter can be used as an indicator of growth condition for krill. Sun and Wang (1996) s
results indicate that the higher the ratio of the BL/ED ( Body Length to Eye Diameter) the
better the growth condition of Antarctic krill of the same age. They studied the relationship
between the body length and the eye diameter of krill under the normal growth condition,
and obtained a set of exponential functions; ED = 0. 574e%9292BL (juyenile + female +
male) , ED = 0. 5898¢% 9282BL ( jyvenile + female) and ED =0. 544e% B%BL (juvenile +
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male). Using these functions as source of the standard curves (r =1), we plotted dot
graph according to the ratio data of body length to eye diameter to see if the krill collected
from the survey area were under normal growth condition (fig. 4). Results show that krill
at station [ —3 were growing better than those collected from any other stations, and there
was a trend of better growth condition in the slope zone than those in the open sea zone.
Considering the survey area as a whole, the krill were under normal growth condition.

3.3 Environmental factors

3.3.1 Temperature

Surface temperature increased from the shelf zone to the open sea zone, and it in-
creased rather slowly east of 73°E than west of 73°E (fig. 5a). The surface temperature
varied from —1.5°C to 1°C in the survey area, and > —-0.5%C at the three large sample
stations. A relatively warm water mass is located at the north — west corner near the location
of station Il —3 (fig. 5a). When comparing the vertical distribution (0 —200 m) of tem-
perature of the three large — sample stations, we found that they all have a thermocline at 20
=30 m and a cold water mass around 75 m (fig. 6a)

3.3.2 Salinity

The distribution of surface salinity is shown in fig. 5b. It shows that the salinity was
declined from the northwest corner to the southeast corner, and the salinity along the diago-
nal line was descending rather slowly than that along the two sides. The surface salinity of
survey area fell in the range 32.8%o — 33.7%o0 , and > 33.3%o at the three large sample
stations. The depth — salinity profile chart (0 — 200 m) of the three large sample stations
show that they all have a halocline at 20 — 30 m, and the relatively stable high — salinity
water at the depth corresponding to the cold water mass at 75 m (fig. 6b). This indicates
that the characteristics of the cold water mass were low temperature and high salinity.

3.3.3 Chlorophyll a

Surface distribution of Chl a is shown in fig. 5c. Chl a density was high in the shelf
zone, and lower in the slope zone, being lowest in the ocean zone. Patchy aggregation of
Chl @ was not apparent in the study area, except in the area around station Ill ~6 and Il -
8 as well as near the station [l -9, where there was a relatively high Chl a center. Vertical
profile (0 —200 m) of Chl @ along each transect is displayed in fig. 7. There are a high
Chl a center (near shore) and a low Chl a center ( off shore) located at the depth of 25 m
along each transect, and the three large krill sample stations ( I -4, Il -6 and IV -4)
were all found near the boundary area between the two centers.

4 Conclusion and discussion
The majority of the studies carried out in the Prydz Bay region turn out relatively low

krill abundance (Higginbottom et al. 1988; Hosie et al. 1988) when compared with that
obtained from Southern Atlantic sector. Exception was found in 1989, Higginbottom and
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Hosie(1989) reported a large aggregation of krill with the mean density of 101 gm ~3. The
mean krill abundance integrated for the whole survey area in our study falls within the range
recorded in the Australian sector (117° = 150°E) by Terazaki and Wada (1986). The pro-
nounced patchy distribution of Antarctic krill in the Prydz Bay region may contribute much
to the low estimates of mean densities ( Siegel 1985). It was shown clearly in our study that
the highest density is 185.81 ind. 1000 m ~* in number and 128.64 g 1000 m ~> in weight
in [I -3, but only 16. 17 ind. 1000 m =3 and 12.02 g 1000 m ~> when integrated for the
whole study area. Similar to the results of Miller (1986), our results also seem to prove
that the waters within the East Wind Drift area are more productive, because the three large
sample stations were all located in or near the East Wind Drift Area of Prydz Bay defined by
Deacon (1937). The analysis of the vertical distribution of temperature at the three large
sample stations shows that there was a cold water mass at the depth of 75 m. According to
the literatures, Euphausia superba mainly inhabits in the waters above 200 m, and in these
waters the vertical distribution of temperature and salinity varied considerably, and many
areas have thermocline in the certain layers. There is a similarity in the 0 — 200 m vertical
distribution of temperature and salinity of the three large sample stations, i.e. at20 =30 m
there was a thermocline and a halocline and a cold water mass with the temperature lower
than —1.5°C at the depth of 75 m. Due to the lack of the stratified samples, we dont know
the exact depth in which the krill inhabit. According to Wang and Chen (1988) , the pres-
ence of krill swarm seems to be associated with the low water temperature, so we guess the
occurrence of krill at the three high abundance stations may be related with the cold water
mass.

The vertical Chl a profile along the three transects shows there was a similarity in the
position of the three large sample sites at the depth of 25 m (Fig. 7). It is shown that the
three large sample stations were all located between the low Chl a center and the high Chl a
center found at the depth of 25 m along each transect. Ichii et al. (1998) suggested good
feeding conditions could influence the richness of krill, if this is true, the krill of the three
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tions, the vertical coordinate represents the depth). a; transectIl ; b; transectIll ; c: transect IV.

large stations should be found in the high Chl a center ( before feeding) or in the low Chl a
center ( after feeding). So why the three large samples were found between the two centers,
we guess that it may be connected with the spawning behavior.

Krill samples obtained in the study area are mainly composed of post — larval stages,
this may be due to the existence of the larval stage in the deeper waters ( Marr 1962 ; Hemp-
el and Hempel 1986) and the large mesh size (6 mm) of the IKMT net. That the high fre-
quency of matured 3BM male occurred in the survey area indicates that male krill reach sex-
ual maturity prior to female ones. Samples obtained at station JI —3 are composed of 63.
07% female krill, most of which are gravid individuals, so station JI —3 may be a favora-
ble spawning field. Marr (1962) and Ichii et al. (1998) indicate deep water can provide
a protection for newly born eggs. Station II -3 is located in the open sea zone but near the
slope zone, it can provide a good food field for the larval stages.

In the present study, we analyzed the growth condition of Antarctic krill in the Prydz
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Bay region. Results show that krill were under normal growth condition in the survey area in
general, but in individual station, the growth condition varied to some extent due to the
small number of krill collected at most stations. Still we can see that krill were under better
growth condition in the slope zone than those in the open sea zone.
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