
swarm at random. Population densities were approximately
2,000 and 700 cubic centimeters beneath 1 square meter,
respectively, each over a towing distance of about 1 kilometer.

Zooplankton observations during leg 2 were mostly to the
south and southwest of the leg 1 survey. Preliminary results
are:

1. Dominance of adult krill in particular coastal regions and
of larvae in contiguous oceanic regions was particularly evi-
dent on leg 2.

2. A BONGO net transect oblique to Elephant Island was
repeated on 4 consecutive days, during which originally high
concentrations of krill fell to nil. Krill were replaced by a
diverse, low-concentration assemblage dominated by salps,
copepods, and hyperiid amphipods. On a fifth day, a large
swarm of krill was located farther to the north, somewhat
seaward of the insular slope. A 15-sample transect was made
across the approximately 10 kilometers of high krill concentra-
tion. The mean concentration of krill was 380 cubic centimeters
beneath 1 square meter.

3. Using a conservative estimate of patch size (50 square
kilometers; Macaulay, Antarctic Journal, this issue), the net-
krill in the patch gives (5 x 107 square meters) x (0.38 kilo-
grams per square meter), or 1.9 x 10 kilograms of krill in this
one patch. However, the BONGO nets towed to only 80 meters,
less than half the thickness of the patch as observed simulta-
neously using acoustics.

MOCNESS sampling provided material for finer resolution
of structure within the patch. The krill were predominantly of
2nd- and 3rd-year age classes; males were most common.

4. A moderately dense aggregation along the eastern margin
of the Bransfield Strait was transected by BONGO and MOCNESS

sampling.
5. A crossing of Bransfield Strait at 63°S yielded consistently

low densities of plankton, though with distinct onshore-off-
shore differences, and almost no krill.

6. Fourteen oblique BONGO tows were made between the
South Orkney Islands (59°S 47°W) and Elephant Island (61°S
55°W). Large quantities of furcilia larvae (predominantly two
late stages) were encountered for over 350 kilometers. Popu-
lation densities ranged from 20-250 cubic centimeters per
square meter (x = 91.5), with sampling to about 100 meters
depth. Stratified sampling by MOCNESS showed that the larvae
were concentrated almost entirely at about 20 meters at one
locality.

7. Narrow, dense swarms of krill, which by late March
extended along slope waters of the northwestern and western
sides of Elephant Island, were sampled by zigzag transects;
sampling was done with BONGO nets which were guided by
the acoustic records. The swarms were closely tied to waters
of 140-160 meters depth, though the bottom slope in these
areas was particularly gradual. The narrow juvenile-adult

swarm paralleled the coastline, and the extensive areas occu-
pied by larval krill extended seaward and shoreward, largely
separate from it.

Our January-February 1981 records of calyptopis larvae and
early furcilia stages of Euphausia superba over the central and
southern Scotia Sea agree with those reported by Hempel and
Hempel (1978) from early 1976. By March 1981, larval devel-
opment had proceeded to late furcilia, dominated by 7-8 mil-
limeter and 9-10 millimeter stages, and the dense net phyto-
plankton noted in February had disappeared.

Size composition of the population of larvae in the southern
Scotia Sea resembles the equally dense population of larvae to
the north, west, and southwest of Elephant Island, suggesting
that there may be continuity between these nursery areas.

The population densities of adult krill measured by BONGO

and MOCNESS sampling in the large patch to the north of Ele-
phant Island during March were of the order of 0.4 percent of
densities estimated from acoustic studies by Macaulay at the
same time. There is little doubt that the nets employed by
Melville were inaccurate for estimates of larger krill, 20-55
millimeters in length. BONGO nets towed at 4-5 knots appear
to have sampled better than when towed at slower speeds.
Nighttime catches of large krill were consistently greater than
daytime catches, again emphasizing the need for improved
sampling techniques.

Analysis of the collections will proceed with determinations
of the major zooplankton taxa, particularly copepods, amphi-
pods, and pelagic tunicates. Euphausia superba are being
analysed for size-frequency composition and sex ratios, with
a view toward understanding more about composition of the
unevenly distributed population segments.

This work was supported in part by National Science Foun-
dation grant DPP 79-21295. Participants in the zooplankton
program included: leg 1—Michael Fahay (National Marine
Fisheries Service) and Victor Mann (Graduate, University of
Chile); leg 2—Sergio Andrade (University of Concepción),
Robert Marak (National Marine Fisheries Service), Eric Shu-
lenberger (San Diego Natural History Museum), and John
Wormuth (Texas A&M University); legs 1 and 2—Kristen Ray
Antezana and Tarsicio Antezana (University of Valparaiso)
and Edward Brinton (Scripps Institution of Oceanography).
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Metabolic activity of larval stages of
antarctic krill

TSUTOMU IKEDA

Australian Institute of Marine Science
Townsville, Queensland, Australia

The studies described below are part of a long-term program
by the author to better our understanding of the growth and
nutrition of krill (Euphausia superba Dana) and to relate their
life cycle to the physical and biological conditions in antarctic
waters.

During both legs of the expedition, krill larvae were collected
from surface tows with a 500-micrometer mesh net for the
purpose of obtaining respiration (oxygen consumption) and
excretion (ammonia and inorganic phosphate) measurements.
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Temperature
(°C)

Body dry weight
(milligrams) Respiration ratea	Ammonia (NH)"	Orthophosphate (PO3)C

n

6
6
6
5
5
6
8
8
5
8
8

+0.5
-0.5

0.0
+0.7

0.0
0.0

-0.5
-0.5
-1.0
+0.2
+0.1

ND
ND
ND
ND
ND

0.008 ± 0.004
0.012 ± 0.006
0.011 ± 0.005
0.014 ± 0.002
0.008 ± 0.004
0.015 ± 0.010

ND
ND
ND
ND
ND

0.022 ± 0.008
0.027 ± 0.008
0.034 ± 0.018
0.030 ± 0.016
0.043 ± 0.019
0.048 ± 0.015

0.090- 0.026
0.68 ± 0.09
1.12 ± 0.21
1.44 ± 0.53
1.06 ± 0.080
1.05 ± 0.11
1.09 ± 0.12
1.07 ± 0.14
1.01 ± 0.13
1.03 ± 0.10
0.969 ± 0.208

0.0276 ± 0.0005d
0.0277 ± 0.0033d
0.0820 ± 0.0098
0.0672 ± 0.0097
0.179 ± 0.028
0.253 ± 0.011
0.251 ± 0.022
0.0964 ± 0.0109
0.486 ± 0.036
0.419 ± 0.037
1.308 ± 0.319

Eggs
Nauplii
Cl-lit
Ci'
C"
Cli'
Ci"
C"
F
F,_,,,
F iv- v

Respiration and excretion rates of krill larvae measured during the Melville cruise to the northern Weddell Sea and eastern Scotia Sea,
January- March 1981

Excretion rate

a Measured in microliters of oxygen per milligram of dry weight per hour.
bMeasured in micrograms of nitrogen per milligram of dry weight per hour.
C Measured in micrograms of phosphorus per milligram of dry weight per hour.
d Measured on formaiin preserved samples.
e ND = Not determined.
C = Calyptopis.

= Furcilia.

Eggs and nauplii were obtained from gravid females main-
tained at close to 0°C in aquaria on board the Melville. Res-
piration and excretion were measured simultaneously by a
water-bottle method (Ikeda 1974). Incubation was made at near
in situ temperatures for a period of 24 hours, except for exper-
iments on eggs and nauplii, which were incubated for 48
hours. Dissolved oxygen was determined by the Winkler titra-
tion method; ammonia and phosphate were measured by the
phenol-hypochlorite method and the molybdate-blue method,
respectively (Strickland and Parsons 1972).

Results are summarized in the table. The respiration rate of
48-hour-old eggs was on the order of 0.090 microliter of oxygen
per milligram of dry weight per hour. This rate increased to
0.68 microliter of oxygen per milligram of dry weight per hour
for nauplii that had hatched 24 hours previously. No excretion
measurements were taken on eggs or nauplii. Further increase
of the respiration rate was observed for calyptopis and furcilia
(0.969 to 1.44 microliters of oxygen per milligram of dry weight
per hour). The excretion rates of ammonia and phosphate by
calyptopis and furcilia ranged from 0.022 to 0.048 microgram
of nitrogen per milligram of dry weight per hour, and 0.008 to
0.015 microgram of phosphorus per milligram of dry weight
per hour, respectively.

Using the same experimental techniques, Ikeda and A. W.
Mitchell (Australian Institute of Marine Science) measured
respiration and excretion of juvenile and adult krill (size range,
27 to 354 milligrams dry weight) during the Kaiyo-Maru cruise
to the Indian sector of the antarctic ocean in 1980. The respi-
ration rates of 0.349 to 0.485 microliter of oxygen per milligram
of dry weight per hour and phosphate excretion rates of 0.005
to 0.009 microgram of phosphorus per milligram of dry weight
per hour were substantially lower than the present results for
the larval stages; the ammonia excretion rates, 0.029 to 0.045

microgram of nitrogen per milligram of dry weight per hour,
were similar to the present results on larvae.

When the results obtained from the Melville cruise are com-
bined with those of the Kaiyo-Maru cruise, a changing pattern
of respiration rate over the life cycle of krill (eggs to matured
adults) becomes apparent: The highest rate occurs during the
calyptopis and furcilia stages, and rates during both younger
and older stages are relatively lower. The relatively high rate
of ammonia excretion by adult krill as compared with rates of
respiration suggests changes in protein metabolism associated
with developmental changes from the larvae to the juvenile-
adult stage.

Cannibalism of juvenile and adult krill under laboratory
conditions is well known; frequent cannibalism was also
observed among calyptopis and furcilia maintained in aquaria
on board the Melville. Detailed study of this phenomenon
might provide information regarding nutrition and feeding
habits of dense larval swarms of krill such as were encountered
between the South Orkney Islands and Elephant Island (see
report by Brinton et al., Antarctic Journal, this issue).

T. Ikeda participated during both legs of the Melville cruise.
This work was supported by National Science Foundation

grant DPP 79-21295.
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