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Some Ecological Aspects of Antarctic Krill,
Euphausia superba in the Antarctic Ocean
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Spatial distribution patterns of Antarctic krill, Euphausia superba in the Atlantic Ocean
sector were seasonally divided into three or four regions; South George Island, Laurie/
Coronation Islands and Livingston/King George Islands. Antarctic krill were caught from
the surface to about 150 m in depth. The vertical distribution of catch per hour (CPUE)
did not show much differences between the 10 m layers, but there were gradually poorer
CPUEs as trawl depth increased. It was estimated from relationship between water
temperature and CPUE that the Antarctic krill abundance was maximal at water
temperatures of 0.8~1.0C. The length compositions of Antarctic krill showed that female
fish were, on an average, significantly larger than males. Relationship between carapace
length and body length, and body length-body weight relationship were well fitted. Sex
ratio was 60.3% for male and 39.7% for female with significant difference at the 5% level.

Introduction

There has been widespread interest in the Anta-
rctic marine living resources, particularly in Antar-
ctic krill, Euphausia superba as new sources of ani-
mal protein of marine origin for human.

Fishing for Antarctic krill was started in 1972
initially by Japan, then followed by the Russian Fe-
deration (former Soviet Union) in 1973, Chile in
1975 and Poland in 1976. Korea participated in the
exploratory fishing for Antarctic krill in December
1978, covering the areas off Wilkes Land and En-
derby Land in the Indian Ocean sector.

Total annual production of Antarctic krill from
the whole oceans kept showing gradual increase
from the 1970s to the earty 1980s, reaching a peak
of about 530,000 tonnes in the 1981/82 fishing sea-
son. From the 1985/86 fishing season onward, it
varied between 300,000 and 445,000 tonnes per an-
num. But its catch in the 1992/93 fishing season
amounted to only about 87,500 tonnes, a decrease
of 834%, 804% and 71.1% over the 1981/82, 1985
/86 and 1991/92 fishing seasons’ figures, respecti-
vely (CCAMLR, 1990, 1993).
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Scientists who are involving in research on the
Antarctic krill resources have been mainly focused
on quantitative analyses such as estimations of the
stock size and potential yield. Biomass of the Anta-
rctic krill stocks has been estimated by several au-
thors, using different methods (Everson, 1977; Doi
and Kawamaki, 1979; Lyubimova et al., 1973; Kali-
nowski and Witek, 1983; Voronina, 1983). The esti-
mates have varied greatly between 44.5 million to-
nnes and 5,000 million tonnes. However, most au-
thors still believe that the stocks are not smaller
than 100 million tonnes and not greater than 500
million tonnes (Kalinowski and Witek, 1983). It is
estimated, on the other hand, that the annual pote-
ntial yield is in a range from 50 million tonnes to
200 million tonnes (Lyubimova et al, 1973; FAOQ,
1974; Doi and Kawamaki, 1979; Kalinowski and
Witek, 1983).

Horizontal distribution patterns of juvenile and
adult krill are reported in detail (Marr, 1962; Vo-
ronina, 1968; Nasu, 1983; Amos, 1984; Musica and
Asencio, 1985). Vertical distributions and moveme-
nts of the adults were described by some authors
(Marr, 1962; Nast, 1978/79). Nocturnal and diurnal
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movements were also reported by Kalinowski and
Witek (1980), Witek ef al. (1981) and Paitkowski
(1985), indicating that they move to deeper layers
in the day time and upper at night.

The National Fisheries Research and Develop-
ment Agency (NFRDA), Korea conducted explora-
tory fishing for Antarctic krill during the 1978/79~
1986/87 fishing seasons around the Southern Ocean
in the Atlantic and Indian Ocean sectors (NFRDA,
1984, 1986, 1987, 1988), and experimental fishing
from the 1987/88 to 1991/92 fishing seasons in the
Atlantic Ocean sector.

Despite increased interests in the possible com-
mercial utilization of Antarctic krill resources, very
little literature or original analyses dealing with
ecological aspects of Antarctic krill are available.
The objectives of this study are to provide spatial
and temporal distribution patterns, to establish the
relationship between water temperature and rela-
tive abundance, and to estimate size composition
and sex ratio of the Antarctic krill, based on fi-
shery and environmental research data collected
from the Korean experimental surveys around the
Scotia Sea from 1987 to 1992.

Materials and Methods

From the 1987/88 fishing season, the Korean ex-
perimental fishing activities for Antarctic krill were
only concentrated in the northern part of the Scotia
Sea, known as abundant distribution area of Eu-
phausia superba. During the fishing seasons from
1987 to 1992, daily haul by haul krill fishery data
on catch and fishing effort statistics and surface
water temperature were recorded in the format
standardized by the Commission for the Conserva-
tion and Antarctic Marine Living Resources (CCA-
MLR). Fishing depth was also checked at every
trawling position. The haul by haul data on catch
and fishing hour were compiled according to the
statistical sea-block (10’ lat., 30’ long.) and every
10 m in depth. Catch per unit of effort (CPUE)
were obtained for each statistical sea-block. These
data were used to describe horizontal and vertical
distribution patterns of Antarctic krill in this re-
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gion. The estimated CPUEs by sea-block were ana-
lyzed together with surface water temperature of
the fishing grounds to demonstrate relationships
between water temperature and distribution pattern
of Antarctic krill. Quarterly distribution maps were
made for each statistical sea-block (30" lat, 30’
long.) so as to analyze spatial and temporal fishing
patterns, based on the CCAMLR’s database on ca-
tch and fishing effort of Antarctic krill (CCAMLR,
1993).

About 700 Antarctic krill were sampled from Ja-
nuary 23 to February 6, 1992 using a trawl net
with 80 mm stretched codend mesh size at depths
of 5~20 m around the northern part of the Living-
ston Island of the Atlantic Ocean sector for detailed
biological observations in the laboratory (see Fig.
2). The sampled individuals were sexed, then both
carapace length and body length were measured to
the nearest centimeter under, and body weight to
the nearest gram under. Both length and weight
compositions were constructed using the measured
data. Relationships between carapace length and
body length, and body length-body weight relation-
ship were obtained by sex.

Results

Fishing Grounds and Distribution Patterns

Fishing grounds from all fishing nations harves-
ting Antarctic krill in the Atlantic Ocean sector
were seasonally divided into three or four areas
according to the distribution in catch level by stati-
stical sea-block during the 1990/91~1991/92 fi-
shing seasons (Fig. 1). Fishing activities were con-
centrated only in the waters around the South
George Island during the first quarter. During the
second quarter, fishing grounds were expanded to
the waters off the Laurie/Coronation Islands and to
the King George Island. Fishing grounds were lo-
cated in the area from the Laurie/Coronation Isla-
nds to the Livingston Island during the third quar-
ter, showing larger concentrations compared with
other seasons. Fishing grounds during the fourth
quarter were easily classified into three regions
with abundant distribution; Livingston/King George
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Fig. 1. Quarterly distributions of Antarctic krill in the Atlantic Ocean sector during 1990~ 1992, based on data
from all fishing nations harvesting Antarctic krill.
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Fig. 2. Korean experimental fishing grounds using trawl vessels for Antarctic krill in the Atlantic Ocean sector
during 1987~1992.
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Islands, Laurie/Coronation Islands and South Geo-
rge Island (Fig. D).

Korean trawl fishing for Antarctic krill was con-
centrated generally in the waters off the edge of
the Antarctic peninsular (CCAMLR statistical area
48.1) from the 1987/88 fishing season to the 1991/
92 fishing season (Fig. 2). Areas with high CPUEs
occurred near the north of Livingstone Island and
the north of King George Island during the 1990/
91 fishing season. Antarctic krill were caught from
the surface to about 150 m deep (Fig. 3). The ver-
tical distribution of CPUE did not show large diffe-
rences between layers at each 10 m in depth, but
a trend was evident towards gradually poorer abu-
ndance as trawling depth increased.

Fishing season
—=— 1987/88 —— 1988/80 —%— 1989/90
—&— 1990/91 —>— 1991/62

CPUE (MT/hour)

" 50

(=8|

Fig. 3. Vertical distributions of catch per hour of Anta-
rctic krill from Korean trawl fishing in the Atla-

ntic Ocean sector during 1987~1992.

Relationship between Water Temperature and
CPUE

Surface water temperature around the fishing
grounds of Antarctic krill in the Atlantic Ocean se-
ctor ranged from -1 to 5.6 C (Fig. 4). Antarctic krill
were distributed mainly at water temperatures of
0.8~2.0C and high CPUEs were recorded at water
temperatures of 0.8~16T (see the distribution pa-
ttern of the 1987/88 fishing season’s CPUE in Fig.
2). From studying the relationship between avera-
ged CPUE values and mean water temperatures
during 1987~1992, the CPUE increased from about
4 tonnes per hour at -1~0C to 8 tonnes per hour
at 0.8~1.0C. The CPUE values gradually decrea-
sed with increase of water temperature, and they
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Fig. 4. Relationship between catch per hour of Antarc-
tic krill from Korean trawl fishing and surface
water temperature in the Atlantic Ocean sector
during 1987~1992.

levelled off at a value of 3 tonnes per hour at wa-
ter temperatures of 2~3.5C, even though the va-
lues increased slightly to the level of 5 tonnes per
hour (Fig. 4). It was estimated from relationship
between water temperature and CPUE that the
Antarctic krill abundance was maximal at water te-
mperatures of 0.8~1.0C.

Size Composition, Sex Ratio and Length-Weight
Relationship

The length compositions of Antarctic krill sho-
wed marked differences between sexes, those of
male fish being smaller than females (Fig. 5). Ca-
rapace length of male fish ranged from 1.0 to 1.8
c¢m with an average of 1.48 ¢m and females from
1.2 to 1.9 em with an average of 1.54 om (Fig. 5a).
Body length of male krill ranged from 2.8 to 4.6 cm
with an average of 3.67 ¢m and females from 3.1
to 4.8 cm with an average of 3.81 cm (Fig. 5b). In
the percentage length compositions of Antarctic
krill, male fish both less than 1.5 ¢cm and 3.9 cm
in carapace and body lengths dominated over fe-
males but vice versa in larger sizes. Sex ratio was
60.3% for the male and 39.7% for the female with
significant difference at the 5% level. Relationship
between carapace length (CL) and body length
(BL) was well fitted and can be expressed as BL
=157CL+140 (2=067) for the male fish (Fig.
6a) and BL=1.33CL+1.76 (r’*=069) for the fe-
male fish (Fig. 6b).
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Fig. 5. Carapace length and body length compositions

of Antarctic krill by sex from samples of Korean
trawl fishing in the Atlantic Ocean sector
during the 1990/91 fishing season.
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Body weights of males were in the range of 0.2
to 1.4 g with an average of 0.56 g and females from
0.3 to 1.3 g, an average of 0.62 g (Fig. 7). Empirical
body length (BL)-body weight (BW) relationship
was expressed by; BW=2.05BL**X 102 (2=0.63)
for the male (Fig. 8a) and BW=149BL*™X 1072
(r?2=0.67) for the female (Fig. 8b).
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Body length compositions of Antarctic krill by
sex from samples of Korean trawl fishing in the
Atlantic Ocean sector during the 1990/91
fishing season.
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Fig. 6. Relationship between carapace length and body length of Antarctic krill by sex from samples of Korean
trawl fishing in the Atlantic Ocean sector during the 1990/91 fishing season.
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Relationships between body length and body weight of Antarctic krill by sex from samples of Korean trawl

fishing in the Atlantic Ocean sector during the 1990/91 fishing season.

Discussion

The probability that several stocks of Antarctic
krill may exist has been indicated by evidence
from physical oceanography, such as water mass ci-
rculation, in conjunction with the discontinuous na-
ture of the Antarctic krill distribution (CCAMLR,
1984). The possible existence of Antarctic krill
around the Antarctic continent are roughly from
the Weddell Sea, the Ross Sea, the Prydz Bay and
the Lazarev Sea (Lyubimova, 1986a). However,
there have been no scientific results obtained from
such direct methods of identifying Antarctic krill
population into stocks as tagging, markings and re-
capture, analyses of differences in DNA between
areas etc. In the absence of such information on
stock identification, the Antarctic krill catch and ef-
fort statistics were compiled in this report simply
according to the CCAMLR statistical area for anal-
yses of the fluctuations of relative abundances and
distribution patterns.

It is reported that dense distribution areas in the
Atlantic Ocean sector are the Scotia Sea including
the area between the Shetland Islands and the An-
tarctic peninsular, and the King George Island
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(Marr, 1962; Voronina, 1968; Nasu, 1983; Amos,
1984; Musica and Asencio, 1985) and the Elephant
Island area (Rosenberg and Hewitt, 1991). Howe-
ver, low abundance of Antarctic krill was observed
in the Scotia Sea, particularly in the vicinity of the
Elephant Island area and the South Georgia area
(CCAMLR, 1984). It was noted that this was not
the first time such an event had occurred. The
reasons for this phenomenon were not established
as to whether the observed low abundance might
be due to poor recruitment, but it was felt that the
cause was a natural variation in water circulation
and were not the results of fishing. Accordingly,
distribution patterns of Antarctic krill seem to de-
pend largely on physical oceanographic conditions.

Marr (1962) reported that Antarctic krill appear
from the surface to 100 m» in depth and abound in
the layers less than 10 m deep. According to the
theoretical and practical studies aimed at detecting
dispersed Antarctic krill using echosounders (Lyu-
bimova, 1986b), individual krill could be detected
down to a depth of 50~60 m. As a matter of fact,
Antarctic krill have been caught at a depth of 0~
150 m from Korean trawler around the north of the
Antarctic peninsular during 1987~1992.
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Dense areas of Antarctic krill abundance were
observed at water temperatures of 0~1.5C at 0~
200 m (Naganobu and Hirano, 1982). In this re-
port, high CPUEs of Antarctic krill occurred in a
range of water temperatures of 0.8~1.0T at depths
of 0~150 m, which coincided with the outcome of
Naganobu and Hiranos’ study. A growth study ba-
sed on analyses of size frequency distribution du-
ring 1931~1939 indicated that fast growth takes
place during summer and zero growth in winter
(CCAMLR, 1986). But there was no scientific evi-
dence to back up this finding. In-depth studies on
age and growth characteristics of Antarctic krill are
needed.
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