
in the horizontal on scales of at least 1-2 kilometers (tow dis-
tance) and that it may have remained there for several months.

For Euphausia superba, we have analyzed samples from se-
lected stations in the Bransfield Strait and in the western, cen-
tral, and northeastern Gerlache Strait (station A). From this
preliminary analysis it appears that, throughout the study re-
gion, the population consisted mainly (>90 percent) of im-
mature krill 25-33 millimeters in total body length. There were
also small juveniles (18-24 millimeters) and large subadults
(35-39 millimeters) occurring particularly in eastern and north-
ern areas near the Antarctic Peninsula. Immature males were
common and small mature males were sometimes found. There
were substantial numbers of females (30-36 millimeters) with
developing ovaries. Few had attached spermatophores. We
have not encountered ripe females, but the population struc-
ture seems to portend a local reproductive stock of small abun-
dant, probably first-time spawners. Our analysis will examine
details of body length and maturity progressions during the
course of the November bloom.

Krill were most abundant in the eastern and northern part
of the Gerlache Strait where it joins the Bransfield Strait. They
were fewest in the area of strong northward flow in the western
Gerlache. Small dense swarms were frequent, with abun-
dances up to at least 2 X105 individuals per square meter at
station A and up to 6,000 grams net weight per cubic meter
throughout the upper 50 meters. Euphausia superba were almost
entirely above 50 meters depth, day and night, with individuals
dispersed to 200 meters in some day and night MOCNESS tows.

We thank B. Polkinghorn, J. Illeman, and R. Gartman, as
well as the able crew of the RIV Polar Duke, for their invaluable
assistance. This research was supported by National Science
Foundation grant DPP 88-17779 to M. Huntley, E. Brinton, and
P. Niiler.
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RACER: Egg production
of Calanoides acutus

during the spring bloom,
1989

M.E. HUNTLEY and M.D.G. LOPEZ

Scripps Institution of Oceanography
La Jolla, California 92093

The copepod Calanoides acutus (Giesbrecht) is a dominant
member of the zooplankton community in waters south of the
Antarctic Convergence. Its annual spawning period has been
inferred from a combination of observations, including the
appearance of females with developed ovaries and the later
appearance of copepodite stages in the plankton (Andrews
1966; Voronina 1970). Egg production rates have been recorded
on one occasion apparently late in the reproductive season
(Huntley and Escritor in press), but the onset of annual spawn-
ing has never been observed. Calanoides acutus is predomi-
nantly herbivorous (Hopkins 1985), and the initiation of its
fecundity may be directly linked to the availability of abundant
phytoplankton food.

With this background in mind, we asked the following ques-
tions:
• When does Calanoides acutus' egg production begin in relation

of the timing of the annual spring bloom of phytoplankton?
• Once egg production has begun, is the rate of spawning

linked to the amount of available food and, if so, what is
the relationship?

• How much individual variability is there in egg production
rates?
Calanoides acutus was collected at 16 stations during the fast

grid conducted 22-24 November with a 1-meter, 333-micro-
mesh net towed in the upper 100 meters. All active females
were sorted and placed individually in 250-milliliter plastic
beakers with 500-micromesh bottoms, and suspended in 500-
milliliter plastic jars containing surface water from the station
where they were collected. These were incubated for approx-
imately 24 hours at ± 1 °C of ambient seasurface temperature
in the dark. After incubation, individual clutches of eggs were
preserved separately in approximately 2 percent formalin in
seawater, and females were frozen at -20 °C. Egg production
rates of more than 700 individual females were measured in
this manner.

To determine the feeding period required for egg production
to resume at different food concentrations in pre-starved fe-
males, copepods collected at station A on 8 November were
stocked in filtered surface seawater as above, at 5 females per
jar. After 3 days, when egg production ceased, groups of 5
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jars were designated to receive fixed dilutions (0, 5, 10, 20, 30,
40, 50, 75, and 100 percent) of surface seawater collected daily
from whichever station was being occupied. Daily egg pro-
duction per female was monitored for the following 2 weeks.

Female Calanoides acutus captured at station A in late October
did not produce any eggs after 3 days of incubation. Females
captured upon our return to station A 5 days later, however,
after the chlorophyll concentrations had increased (Holm-Han-
sen and Vernet, Antarctic Journal, this issue) were found to
have begun producing eggs.

In late November, during the last RACER fast grid, there
was great spatial variation in the daily egg production by Cal-
anoides acutus (figure 1). The highest egg production rates were
observed in the eastern bays of the Gerlache Strait; rates de-
creased to the north and to the west. The mean egg production
per female was up to six times greater in the southeastern
portion of the Gerlache Strait than in waters of the Bransfield
Strait to the north. Calanoides acutus was also more abundant
in the areas of high egg production. Thus, per unit sea surface
area, we expect total egg production to have been approxi-
mately one order of magnitude greater in the Gerlache Strait
than in the Bransfield. Circulation patterns observed by drifter
buoys (Niiler, Illeman, and Hu, Antarctic Journal, this issue)
indicate that water in the mideastern portion of the Gerlache
Strait near station A may reside there for at least 2 months,
so the large pulse of recruits to the C. acutus population not
only originates in the Gerlache Strait but probably also devel-
ops and grows there.

The average daily egg population per female was related to
integrated water column (0-50 meter) chlorophyll by a Mi-
chaelis-Menton function (figure 2) yielding a maximum egg
production of 43.2 eggs per day, a half-saturation constant of
75.7 miilgrams of chlorophyll a per square meter, and a thresh-
old concentration of 14.7 milligrams of chlorophyll a per square
meter. Thus, in areas of the western Gerlache Strait, where
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Figure 1. Calanoides acutus: Mean egg production rate (eggs per
female per day) at 16 stations in the RACER study area, 22-24
November 1989.
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Figure 2. Calanoides acutus: Mean daily egg production rate as a
function of integrated chlorophyll a concentrations at 16 stations
in the RACER study area, 22-24 November 1989. Data are fitted
with a Michaelis-Menten function. (mg/m2 denotes milligrams per
square meter.)

integrated chlorophyll concentrations were generally less than
50 milligrams chlorophyll a per square meter, C. acutus would
not be expected to realize even half of its potential production
rate. The threshold concentration corresponds to an average
of 0.29 micrograms of chlorophyll a per liter, which is the
approximate concentration prior to the spring bloom. The re-
sults shown in figure 2 provide strong evidence that egg pro-
duction by C. acutus is dependent on the spring bloom.

There is much individual variability in egg production. The
percentage of females actively producing eggs at a given station
varied from 60-100 percent, and the egg production per female
was strongly correlated to the percentage of productive females
at a given location. The maximum egg production rate of any
female was 118 eggs per day; the average maximum egg pro-
duction rate was 81 eggs per day.

Attempts to restimulate egg production by reintroducing
varying quantities of phytoplankton food after having starved
females for 3 days were moderately successful. After 2 weeks
of feeding there was a clear relationship between total egg
production and the amount of food administered. These re-
sults suggest that, after ascent from the overwintering depths,
females require a period of approximately 10 days of exposure
to food before they are able to initiate the egg production
process.

We conclude that the Gerlache Strait and similar regions,
such as those along the coast of the Bellingshausen Sea, are
of inordinately great importance to the successful recruitment
of Calanoides acutus. Any circulation pattern which maintains
waters in such highly productive regions, such as the gyre we
observed in the eastern Gerlache Strait, will serve to promote
rapid development and growth of the nascent year class and
ensure its preparation for overwintering.

We thank E. Brinton, B. Polkinghorn, R. Gartman, and W.
Nordhausen, as well as the able crew of the RIV Polar Duke,
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RACER: Carbon
egestion rates

of Euphausia superba

W. NORDFIAUSEN and M.E. HUNTLEY

Scripps Institution of Oceanography
La Jolla, California 92093

The vertical flux of organic material from the photic zone to
deeper water and finally to the benthos is of fundamental
importance in marine ecosystems. The production of fecal pel-
lets (egestion) by herbivorous zooplankton is a major source
of this material. Euphausia superba Dana is an herbivorous zoo-
plankter of special interest in circumpolar antarctic waters due
to its high abundance (Washburn and Wooster 1981). The rel-
atively large size of its fecal strings and their high sinking
speeds (about 60 meters per day) could provide a significant
portion of this vertical flux of organic material. Only recently
have there been attempts to quantify the egestion rates of E.
superba (Clarke, Quetin, and Ross 1988).

Studies were performed on board the R/V Polar Duke as part
of the Research on Antarctic Coastal Ecosystem Rates (RACER)
program between 30 October and 25 November 1989 in the
Gerlache Strait, near the Antarctic Peninsula (Huntley et al.,
Antarctic Journal, this issue). E. superba was collected from the
upper 20 meters at station A in vertical tows of a 1 meter, 505
micron-mesh ringnet equipped with a 15-liter closed codend.
Tows were performed at low winch speed and for short periods
(10-15 minutes) to minimize stress on the krill. The sample
was transferred to an insulated cooler and diluted with ambient
surface seawater.

Individual E. superba were placed in 500-milliliter plastic con-
tainers filled with filtered seawater, after an intermediate rinse
in filtered seawater, using a wide-bore pipet. All seawater used
was filtered through CF/C glass fiber filters. Experimental sus-
pensions were maintained at 0 °C in the dark.

To determine the individual egestion rate of Euphausia so-
perba, krill were removed after a certain period of time and the
water filtered through a CF/C filter to catch the feces produced;
filtered seawater served as a control. The krill were transferred
to fresh filtered seawater. Each glass fiber filter was immedi-

ately placed in a plastic petri dish and frozen at —80 °C for
later laboratory analysis. This procedure was repeated at var-
ious intervals over a time of up to 5 days. At the end of each
experiment, individuals were frozen (-80 °C) and later meas-
ured for length and for wet and dry weights. The fecal content
of elemental carbon, hydrogen, and nitrogen was determined
using a Perkin Elmer 2400 CHN-Elemental Analyzer.

All krill were immature at the beginning of their second year
and between 24 and 39 millimeters long (mean = 30 milli-
meters). The wet weight ranged from 46 to 394 milligrams
(mean = 164 milligrams), dry weights were 13 to 92 milligrams
(mean 40 milligrams). Individual egestion rates, expressed
as micrograms carbon per milligram dry weight krill per 24
hours, were greatest in the first few hours after capture but
continued to be significant for at least 24 hours (figure).
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Fecal pellet production of E. superba. Egestion rates are given as
micrograms carbon per milligram dry weight krill per day. The in-
tercept, E0, has a value of 18 micrograms carbon per milligram dry
weight per day. (h denotes hour. ug C/mg/day denotes micrograms
of carbon per milligram per day.)
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