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ABSTRACT: On the basis of measurements of the depth of occurrence of 11000
krill aggregations and the biological analyses of these animals and measurements of some
environmental factors the diurnal vertical distribution of aggregations is presented against
the background of various environmental conditions. Vertical distribution of aggregations
is closely related to the feeding rhythm of krill. Active vertical migrations have been
recorded at civil twilight. The increasing and decreasing rate of aggregations in those
periods is described.
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1. Introduction

The vertical distribution of krill aggregations and factors controlling this
phenomenon have been frequently discussed in the literature. .

Hardy and Gunther (1935) and Marr (1962) have given a diagram
of distribution of krill aggregations at different times of day and night
in the region of South Georgia. Sevcov and Makarov (1969) have described
types of krill distribution in the Atlantic Sector of Antarctic. Pavlov (1974)
has shown a diagram of vertical movements of Fuphausia superba Dana
relating this closely to the diurnal feeding rate. Mohr (1976) has described
vertical distribution in the region of the South Sandwich against the back-
ground of day illumination. Fisher (1976) has described vertical distribution
of krill in different regions of Scotia Sea. Kalinowski (1978) has described
the distribution of krill aggregations in the region of South Georgia in February
and March 1976. Witek et al. (in press) have presented the distribution
and characteristics of krill aggregations against the background of environ-
mental conditions in February 1977 in the region of Antarctic Peninsula.

Unfortunately the works cited have dealt with limited amount of material
and a relatively narrow range of analysed environmental factors. Thus the
result were frequently contradictory and did not allow to draw general con-
clusions.
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Here, the material collected in 1977 and 1978/1979 from the Antarctic
to Peter I Island in Bellingshausen Sea up to the South Sandwich Islands
on Scotia Sea, is a comprehensive one. Observations and measurements
were conducted with regard to hydroacoustic localities of aggregations, solar
illumination, thermal stratification and water oxygenation, phytoplankton
distribution, characteristics of population and feeding of krill.

The aim was to present the general regularities in diurnal vertical distribu-
tion of aggregations and to find factors having a significant effect on the
course and rage of vertical migrations of krill.

2. Method and material

Hydroacoustic apparatus on the research vessel “Profesor Siedlecki” was
used for studies of vertical distribution of krill aggregations (Burczynski
1973). Water depths were observed by means of a system of diurnal hydro-
acoustic watch.

The vertical echosounder Simrad EK-120 was mainly used and the coope-
rating with it echointegrator QMMK II. These apparatus were calibrated
before the investigations in acoustic and electrical units. For echosounder
EK-120 the following parameters were obtained: working frequency —
120 kHz, source level — 124.1 dB, voltage response — 1.8 dB, pulse power
output — 441 W. :

In studies for echosounder EK-120 the following settings were used:
range — 0—130 m, TVG — 20 log r, recorder mode, normal, pulse duration —
0.6 ms.

The echograms were used to measure, after the method of Kalinowski
and Kuptel (1979) the following physical parameters of each krill aggrega-
tion: area of recorded aggregation (planimeter), length, depth of upper
and lower depth limits of the aggregation, integrator recorder deflection,
. time.

Diagrams of vertical distribution of krill aggregations were made on basis
of measurements of upper and lower depth limits of aggregations in water,
using the following method : measured aggregations were arranged in groups
according to the time of their occurrence in one-hour intervals in 24 hrs
(0—1, 1—2, ... 23—24), water depth was divided into 20-metre depth intervals
A, A,, ... A, It was assumed that the beginning of the first layer may
be 0,5, 10 m etc. It was determined on the basis of the smallest upper
limit of depth — G, e.g., at minimal G = 8 m the layers will be: 5—25m,
25—45m etc., in layers A, .. A, one-hour arithmetical means of upper
and lower depth limits were counted, mean upper depth limits from A,
interval and mean lower depth limits from A, interval were joined by a line.
Thus were obtained the diagrams of vertical distribution of krill aggregations.
When the differences of mean depths between neighbouring layers were
statistically significant the diagrams showed stratification of the occurrence
of aggregations.

All calculations were made by means of a digital computer on the
research vessel “Profesor Siedlecki”.
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Measurements of illumination were made every hour all day and night
using the luxometer. At civil twilight measurements were made every 10 mi-
nutes.

Annals of “The Nautical Almanac™ (1977, 1979) were used for reading
the hours of sunrise (SR) and sunset (SS) and the civil twilight (CT). Civil
twilight is when both the horizon and the brightest stars are visible. The
“interim” period should be understood as the period between dawn and
sunrise and between sunset and dusk.

Hydrologists made measurements of water temperature and oxygen content.
Temperature was measured using the automatic sounder Bisset-Berman, and
the oxygen content using the Bisset-Berman sounder or Winkler method
from samples taken at standard depths.

Seston (main part of seston was the phytoplankton) was caught by a net
of “Copenhagen” type with an inlet surface area 0.2 m2 and mesh diameter
0.064 mm drawn vertically once from the depth of 100 m to the surface.
The phytoplankton amount was determined by measuring the volume of
centrifuged deposit (3000 turns per minute during 5 minutes), taking into
consideration its hydration which is 2/3 on the average (Wolnomiejski
et al. 1977).

Krill catches were made using the net of “Bongo” type or the pelagic
trawl with fine mesh insert. The body length of E. superba was measured
from the tip of rostrum to the end of telson. Maturity was determined
after the criteria given by Wolnomiejski, Witek and Czykieta (in press)
and by Dzik and Jazdzewski (1978). The following stages were distin-
guished : adolescent, sub-adult and adult.

Alimentary tract filling of krill was determined in 100 individuals from
a sample according to a 5-degree scale (Wolnomiejski, Witek and Czy-
kieta, in press):

1 —lack of alimentary tract content, stomach and hepatopancreas without
colour,

2 —food only in stomach, gut empty,

3 —stomach and cephalothorax gut part filled,

4 — faeces in gut reaches less than half of the length of abdomen,

5 — faeces in gut reaches more than half of the length of abdomen.

In order to follow the diurnal feeding cycle, individuals of stage 1 were
not taken into consideration because these were as a rule animals after
moulting which do not feed till the new carapace hardens (Witek, Sosz-
ka and Sotonczyk 1979).

3. Results

3.1. Vertical distribution of aggregations against the
environmental conditions

The studies covered a large area (Fig. 1), differentiated as regards topo-
graphy, hydrological characteristics, phytoplankton density and krill popula-
tion composition. Because of considerable time during which the observations
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were made (from December to March) and because of various latitude
zones, particular pariods of investigations varied also as regards characteristics
of illumination and especially the duration of night. Of the whole area few
regions were distinguished (Table I), where larger krill concentrations were

Table I
Research regions and characteristics of collected material
Number Duatitsee Number
of § Number
; Month and of of krill
Region s recorded of
year observation . samples :
krill sites
days ; analysed
aggregations
South Orkney * Dec. 3 1197 3 11
1978
South Sandwich Jan. 2 337 2 7
1979
Elephant Island I Jan. 5 1636 4 9
1979
Joinville Island Jan. 3 713 2 9
1979 i
Bransfield Strait Jan,, Feb. 4 535 2 12
1979
Antarctic Peninsula I Feb. 5 1490 3 11
1979
Antarctic Peninsula II Feb. 3 1046 2 7
. 1979
‘Bellingshausen Sea I Feb. 3 808 - 3 5
1979 '
Bellingshausen Sea II Feb. 3 896 3 6
1979
King George Island Feb. 4 777 1 6
1979
Elephant Island II Feb. 3 278 3 5
1979 ‘
South Georgia Apr. 13 1478 22 14
1977

found (> 1000 tons-NMile-2) and which had quite similar characteristics
of environment and E. superba populations occurring there. Diurnal vertical
distribution of krill aggregations in particular regions varying as regards
environmental conditions was different (Figs. 2—10). Some of these regions,
although not much differentiated in biotope, because of their vastness, were
not homogenous from the point of time zone and the duration of night
and day, and thus required a division into sub-regions. Illustrations of vertical
distribution of krill aggregations inclute typical for the given region diagrams
of water temperature and data of water oxygenation whenever available
(Figs. 2—10) and also phytoplankton density in particular regions (Table II).

Studies on the South Orkney were carried out at the turn December
1978. Night were short — 2.5 hours and not very dark. Minimal luxometer
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Table II
Seston density in the layer 0—100 m in particular regions
. Seston volume (ml-m~2)
Region .
mean Standard deviation

South Orkney 1.8 +33
South Sandwich 85.3 +28.2
Elephant Island — January 43 +6.8
Elephant Island — February 0.8 +0.6
Joinville Island 6.7 +52
Bransfield Strait 1.3 +14
Antarctic Peninsula northern part 289 +272
Antarctic Peninsula southern part 30.7 +16.4
Bellingshausen Sea eastern part 3.8 +1.6
Bellingshausen Sea western part 114 +204
King George Island 0.5 0
South Georgia ) 1.7 +20

indications were about 1 Ix. Large part of the water surface area was covered
with ice, especially the shelf waters. The water was poorly stratified thermally
and the surface layer was mixed down to the depth of 80 m and even
deeper. High water oxygenation exceeded 809, even at the depth of 200 m.
Phytoplankton was scarce, usually less than 1 ml.m—2." Adult krill 40—50 mm
in length occurred here as well as juvenile krill 20—35 mm in length. At night
the krill occurred in a narrow surface layer 20 m deep. At dawn the upper
limit of aggregation occurrence decreased to the depth of 40 m, whereas
the lower one exceeded 100 (Fig. 2A). After noon some aggregations moved
towards the surface to the depth of some 10 m, whereas other remained
in deeper parts of water. At sunset other aggregations moved up towards
the surface and remained in the 20 m layer.

The region of South Sandwich was penetrated in the first days of
January 1979. The night was dark and lasted 4.5 hours. The luxometer
deflections at the time was below 0.11x. The water was visibly stratified
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Fig. 2. Vertical distribution of krill aggregations (A) water oxygenation and temperature (B)
in the South Orkney region
1 — area of recorded krill aggregations, 2 — area of recorded krill aggregations over 100 kg
of weight, 3 — water oxygenation, 4 — water temperature, CT — civil twilight, SR — sunrise,
SS — sunset.
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although differences in temperatures between the surface layer of summer and
winter modifications and the deep layer were not great (Fig. 3B). The surface
layer was mixed down to some 20 m. Phytoplankton occurred abundantly,
in some places more than 100 ml. m—2. The krill in this region was exceptionally
big — 50—60 mm in length. Adult females with ovaries full of eggs dominated.
At night krill aggregations were in the 20 m layer. At the morning “interim”
period the lower limit of occurrence gradually decreased to 120 m and the
upper one to 60. During day time above 60 m no aggregations were found.
At dusk the lower limit of occurrence was again 20 m, but this was happened
quicker than the morning decrease (Fig. 3).

A B
Temperature(C)
CT SR ss cT 1401 2

Depth (m)

" T——— ! 1 1 1

00 02 04 06 08 10 12 14 16 18 20 22 24
Local time (h)

Fig. 3. Vertical distribution of krill aggregations (A) and water temperature (B) in the region
of South Sandwich
For explanations see Fig. 2.

In the region of Elephant Island studies were carried out twice: in
the third ,decade of January and in the third decade of February 1979.
At the first date the 4-hour night was relatively clear with minimum illumi-
nation about 1 Ix. At the second date the night was dark and much longer —
8.5 hours. The illumination at night was less than 0.11x. This area was
not homogenous as regards thermal stratification. Surface water was in general
warmer than deeper layers, but the thickness of mixed layer varied between
20 and 50 m and even 70 m (Fig. 4B). Still, warmer deep water was only
discovered on sites beyond the shelf on the side of Drake Passage. In the
shelf zone there was less than 1 ml.m—2 of phytoplankton, beyond the shelf —
from several to 20 ml-m—2. Here were also aggregations of adolescent krill
of body length 40—50 mm, and of adult krill of body length 40—45 mm.
In January the contribution of adolescent krill was higher than in February.
In January at night the krill occurred in a layer down to 40 m, at dawn
this decreased to 90 m (lower limit), whereas the upper limit did not decrease
more than by 25 m. After noon the aggregations occurred from 10 to more
than 120 m of depth. At dusk the aggregations moved upwards to the lower
limit of 40 m. In February the reaction of aggregations to light was rather
similar, but because of a longer night they remained longer in the surface
layer. During the day, between 10 a.m. and 2 p.m., in February the upper
limit of occurrence of the majority of aggrégations took place deeper than
in January — about 70 m (Fig. 4A).












































