
Table 2. Previously published sediment trap carbon flux
estimations from antarctic ecosystems

Depth range
Location	(in meters)	Carbon fluxa	Reference

620S151°E	521-3,110	120_176b	Noriki and
Tsunogai (1986)

630S 580W	100	28-39	Liebezeit (1985)
630S 550W	100	120-160	Liebezeit (1985)
650S 1250 E	50-1,000	5-184	Fujita and

Nishizawa (1982)
650S 1600 E	50-1,000	4-101	Fujita and

Nishizawa (1982)
61 0S 570W	965-2,540	13-14.8	Wefer et al. (1982)
620S 570W	100-323	30-132	von Bodungen

(1986)
620S 570W	100	97-546	von Bodungen

et al. (1986)
620S 570W	100	459-1,404	von Bodungen

et al. (1986)

a In milligrams per square meter per day.
b Assumes carbon = organic matter x 0.5.

References

Fujita, N., and S. Nishizawa. 1982, Vertical flux of particulate matter in
the Antarctic Ocean in summer 1981. Transactions of Tokyo University
Fisheries, 5, 43-52.

Holm-Hansen, 0., R. Letelier, and B.C. Mitchell. 1987. RACER: Tem-
poral and spatial distribution of phytoplankton and primary produc-
tion. Antarctic Journal of the U.S., 22(5).

Huntley, ME., D.M. Karl, P. Niiler, and 0. Holm-Hansen. 1987.
RACER: An interdisciplinary field study. Antarctic Journal of the U.S.,
22(5).

Karl, D.M. 1980. Cellular nucleotide measurements and applications in
microbial ecology. Microbiological Reviews, 44, 739-796.

Liebezeit, C. 1985. Residual amino acid fluxes in the upper water
column of the Bransfield Strait. Oceanologica Acta, 8, 59-65.

McCave, I.N. 1975. Vertical flux of particles in the ocean. Deep-Sea
Research, 22, 491-502.

Noriki, S., and S. Tsunogai. 1986. Particulate fluxes and major compo-
nents of settling particles from sediment trap experiments in the
Pacific Ocean. Deep-Sea Research, 33, 903-912.

Tien, C., D. Jones, M.D. Bailiff, M. Nawrocki, B. Tilbrook, P.
l-Iaberstroh, C. Taylor, and D. Karl. 1987. RACER: Spatial and tem-
poral variations in microbial biomass size spectra. Antarctic Journal of
the U.S., 22(5).

von Bodungen, B. 1986. Phytoplankton growth and krill grazing during
spring in the Bransfield Strait, Antarctica: Implications from sedi-
ment trap collections. Polar Biology, 6, 153-160.

von Bodungen, B., V. Smetacek, M.M. Tilzer, and B. Zeitzschel. 1986.
Primary production and sedimentation during spring in the Antarctic
Peninsula region. Deep-Sea Research, 33, 177-194.

Wefer, C., E. Suess, W. Balzer, C. Liebezeit, P.J. Muller, C.A. Ungerer
and W. Zenk. 1982. Fluxes of biogenic components from sediment
trap deployment in circumpolar waters of the Drake Passage. Nature,
229, 145-147.

RACER: Feeding and egg production
rates of some antarctic copepods

M.E. HUNTLEY and V. MARIN

Scripps Institution of Oceanography
La Jolla, California 92093

V. ORESLAND

Department of Zoology
University of Stockholm

Stockholm, Sweden

The most important species of copepods in the Antarctic
Peninsula region are Calanoides acutus, Calanus propinquus,
Metridia gerlachei, and Rhincalanus gigas (Jazdzewski, Kittel, and
Lotocki 1982). General features of their population dynamics are
known for the southern ocean (Hardy and Gunther 1936; Mann
1986), but their relation to the annual cycle and regional vari-
ability of primary production is poorly understood. Very little is
known of the feeding rates of antarctic copepods and, to our
knowledge, egg production rates have never been measured.
The known feeding rate measurements on major copepod spe-
cies were made by Schnack (1983, 1985) and by Schnack et al.
(1985). From studies conducted at three stations in the eastern
Bransfield Strait in November and December, she concluded

that copepods could remove as much as 50 percent of the daily
primary production.

There appears to be no information on copepod feeding in
much richer regions such as we encountered in the western
Bransfield and Gerlache straits during the Research on Ant-
arctic Coastal Ecosystem Rates (RACER) program, nor is there
any information on regional or temporal variability in copepod
feeding rates.

We conducted egg production experiments on Calanoides acti-
tus at six stations in the Bransfield and Gerlache straits during
December, before its reproductive period ended in mid-Janu-
ary. Live females were sorted from plankton tows taken at 20-30
meters, and seawater for each experiment was pumped from the
same depth. Groups of five females were placed in 1-liter (n =
4-16) containing a 250-milliliter plastic beaker whose base had
been replaced with 505-micrometer Nitex mesh, and incubated
for approximately 24 hours at 0-1°C. This arrangement permit-
ted eggs to sink out and escape predation. Results showed no
relationship between egg production and ambient chlorophyll a
concentration (table). This is contrary to what one would expect
from studies of other calanoid copepods such as the temperate
Calanus pacificus (Runge 1984) or arctic Calanus glacialis (Hirche
and Bohrer 1987). Aside from demonstrating a relationship of
egg production to ambient food concentration, Hirche and
Bohrer (1987) were also able, at 0-1°C, to decrease egg produc-
tion of C. glacialis to zero after 3 days in filtered seawater, and
restimulate egg production by exposure to 400 micrograms of
carbon per liter after only 5-7 days. In an almost identical
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Figure 1. Calanoides acutus females: Distribution of individual gut pigment content (in nanograms of chlorophyll-equivalents per copepod)
from 15 to 19 December 1986 (left) and from 19 to 24 January 1987 (right) in the RACER study area.

experiment, replicated ten times with Calanoides acutus, we ob-
tained very different results. First, it required at least 6 days in
filtered seawater to reduce egg production from more than 15
eggs per female per day to near zero. Second, re-feeding at 20
micrograms of chlorophyll a per liter (more than 1 milligram of
carbon per liter) for the subsequent 18 days produced no in-
crease in egg production. However, preliminary data suggest a
direct relationship between egg production rate and the size of
oil-sac.

At RACER fast-grid stations (for station locations, see Huntley
et al., Antarctic Journal, this issue), we collected copepods in
bongo net tows from approximately 40 meters depth to the
surface, sorted them to species and stage, and analyzed them
for gut pigment content using the methods of Huntley, Tande,
and Eilertsen (1987). A replicate sample from the other side of
the bongo net was preserved for later taxonomic analysis. At
selected stations on both the fast and slow grids, we measured
the evacuation rate of gut pigment (e.g., Dagg and Grill 1980).

The in situ gut pigment content of individual Calanoides acutus
females, which may be considered proportional to feeding rate

Calanoides acutus: Egg production rate

Eggs per	 Number of
female	Standard	replicate

Experiment Chlorophyll a 	per day	deviation measurements

A	5.53	7.9	1.26	4
B	7.19	14.5	3.21	11
C	7.44	45.5	3.74	6
D	7.76	21.3	7.23	16
E	15.60	3.7	0.73	6
F	18.56	24.5	6.9	14

a In micrograms per liter.

(Mackas and Bohrer 1976), is shown for the months of De-
cember and January in figure 1. High feeding activity occurred
in two areas— north of Brabant Island and north-northwest of
Livingston Island—the same areas where we observed high
temperatures (Amos, Antarctic Journal, this issue) and high pri-
mary production (Holm-Hansen, Letelier and Mitchell, Ant-
arctic Journal, this issue). No diel cycle in feeding activity was
observed.

Experiments with Calanoides acutus and Metridia gerlachei (fig-
ure 2) during RACER indicate that gut contents are evacuated in
less than 1 hour, which is considerably faster than has been
reported for arctic copepods of similar size (e.g., Tande and
Bagmstedt 1985). Samples still enroute from the Antarctic will
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Figure 2. Metridia gerlachel: Decline in gut contents (in nanograms
of chlorophyll-equivalents) with time (in minutes) of freshly caught
females from the Gerlache Strait placed in filtered seawater. The gut
appears to be evacuated in less than 1 hour.

1987 REVIEW	 159



enable us to calculate the total consumption by copepods at the
same mesoscale resolution as other RACER data. We expect to be
able to estimate-on a seasonal basis and with very high spatial
resolution--what fraction of the total primary production is con-
sumed by copepods, which constitute a significant proportion
of the total macrozooplankton in the region.

This research was supported by National Science Foundation
grant DPP 85-17269 to Mark Huntley and Edward Brinton. We
gratefully acknowledge the efforts of Robin Gartman and Flo-
rence Escritor.
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RACER: Mesoscale variation in the
growth and early development of

Euphausia superba Dana
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The coastal zone of the Antarctic Peninsula plays a critical role
in the life of antarctic krill Euphausia superba Dana. Waters sur-
rounding the peninsula are but a small fraction of the bio-
geographical territory of E. superba, yet they are a spawning and
nursery ground of major importance (Marr 1962; Hempel,
Hempel, and Baker 1979; Witek, Koronkiewicz, and Soszka
1980; Ross and Quetin 1982; Brinton and Townsend 1984). What
biological and physical oceanographic processes make this re-
gion so conducive to krill early development? Are there specific
nursery areas in the coastal zone and, if so, where are they? We
sought answers to these questions by addressing the hypoth -
esis that growth rates of E. superba larvae are a function of food
availability, and thus are related to primary productivity and
ocean circulation.

At the Research on Antarctic Coastal System Ecosystem Rates
(RACER) program's fast-grid stations (Huntley et al., Antarctic
Journal, this issue), we collected larval E. superha in bongo net
tows from approximately 40 meters depth to the surface, sorted
them to stage, and analyzed them for gut pigment content
(Huntley et al. in press). A replicate sample from the other side
of the bongo net was preserved for later taxonomic analysis. At
slow-grid stations, we made vertically stratified tows at intervals
of 0-100 meters, 100-200 meters, and at deeper strata when
depth and time permitted; these samples were preserved for
taxonomic analysis. At 24-hour stations, we made tows at least
every 6 hours.

To measure development and growth rates of the larvae, we
conducted molting rate experiments at many stations
throughout the RACER study area, following methods of Brin-
ton, Huntley, and Townsend (1986). Groups of 50 larvae, sorted
to a single stage, were incubated in natural seawater at environ-
mental temperature, then killed and counted at progressively
later times to determine the number which had molted to the
next stage. The slope of the resulting line is development rate.
Growth rate was calculated by combining these data with dry
weight measurements on larvae from the same station.

We observed marked regional differences in the distribution,
abundance, development, and growth of E. superba larvae. On
the basis of these and other biological and physical data the
RACER study area can be divided into three nominal domains: (1)
the northern Gerlache Strait, whose influence extends approx-
imately 30 kilometers north; (2) the Bransfield Strait, bounded
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