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Egg production of the copepod Calanoides acutus (Giesbrecht)
in the Weddell Sea during spring

K.A. ROBERTS, G.S. KLEPPEL, C.A. BURKART, and K. CARTER, Oceanographic Center, Nova Southeastern University,
Dania, Florida 33004

R
ecent studies have shed light on the relationship between
environmental variability and the productivity of

Calanoides acutus (Huntley and Escritor 1991; Lopez, Hunt-
ley, and Lovette 1993; Huntley, Zhou, and Lopez 1994), the
most abundant copepod in the southern oceans (Andrews
1966). Many questions about the population dynamics of C.
acutus remain unanswered, however. Continued documenta-
tion of the spatial and temporal variability in egg production
by this copepod is required to understand its role in marine
ecosystems off Antarctica.

In this paper, we report on the egg production of C. acu-
tus in the marginal ice zone in the Weddell Sea between 27
November and 10 December 1993. Our study was part of a
larger investigation of midtrophic -level production in and
around the ice edge during the spring bloom. We will show
that egg-production rates were low and that cannibalism was
remarkably high during this period.

Egg production was measured by standard incubation
experiments (CDO1 to CD06) at six stations located between
latitudes 580 and 62°S and longitudes 370 to 39.5°W (table 1).
Copepods were collected from the upper 200 meters (m) of
the water column with a 1-square-meter plummet net (mesh
diameter was equal to 160 micrometers). In all experiments
except CD01, collections were made at approximately 08:00
hours and incubations began between 10:00 and 13:00 hours.
Copepods were pipetted into 12-liter (L) plastic containers
filled with prescreened (100-micrometer mesh) sea water col-
lected from discrete depths in the upper 200 m and mixed
together in a large container. C. acutus densities in the 12-L
incubation containers ranged from 0.4 to 1.3 per liter.
Depending upon the abundance of C. acutus in the plummet

net samples, two to six replicate containers were incubated
during CDs 03 to 06. C. acutus was scarce in the samples from
stations DS-01 and DS-06 (CDs 01 and 02). We could sort a
sufficient number of copepods (5-6) for only one incubation
container in these experiments. To account for eggs intro-
duced from the natural sea-water samples, 12-L water sam-
ples were preserved without copepods, and egg counts from
these samples (see below) were subtracted from those in the
experimental samples (Kleppel 1992). Only one egg was found
in all of the control samples.

Following approximately 24 hours of incubation at near-
surface temperatures under a simulated natural photoperiod,
copepods were checked for viability, and the contents of each
container was concentrated on a 35-micrometer mesh screen.
Samples were transferred, in approximately 20 milliliters of
filtered sea water, to scintillation vials and preserved in acid
Lugols iodine. Abundances and sizes of eggs, empty egg cases,
and nauplii were determined with an inverted microscope at
lOOx magnification.

The egg production of C. acutus was low throughout the
study region. Mean egg-production rates ranged from 0.8
eggs per female per day in CDO1 and 02 to 3.6 eggs per female
per day in CD05 (figure). Assuming egg and adult biomasses
of 0.4 micrograms of carbon and 65.5 micrograms of carbon,
respectively (Huntley and Lopez 1992), egg production
amounted to 0.2 to 2.2 percent of female body carbon per day
(table 2). Empty egg cases were abundant in all experiments
except CDO1; no empty egg cases were detected in CDO1.

In studies of other copepod species (Dagg 1977; Kleppel
1992), empty egg cases have been considered an indication of
hatching or of cannibalism by adults. In our study, nauplii
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CDO1DS-01	27 November
CD02	DS-06	29 November
CD03	DS-1 1	1 December
CD04	DS-24	5 December
CD05	DS-26	6 December
CD06	DS-38	10 December

Table 2. Egg production expressed as a percentage of
body carbon, production of empty egg cases, and inci-
dence of cannibalism among C. acutus in the Weddell
Sea in November and December 1993. Values represent
means with standard deviation in parentheses

CDO1	1	0.4	0	0
CD02	1	0.7	0.5	44.4
CD03	2	0.4	0.4	50.0

(0)	(0.2)	(25.0)
CD04	6	1.2	1.3	65.7

(0.3)	(0.2)	(14.5)
CD05	3	2.2	2.3	63.2

(0.5)	(0.7)	(6.7)
CD06	3	0.9	0.9	56.3

(0.4)	(0.4)	(10.6)

Grand mean	 1.2	1.2	55.5
±Standard deviation	(0.7)	(0.8)	(21.5)
aExpressed as the percentage of body carbon per day, which
equals egg production as number of eggs per day times We/\Na,
where We is egg weight (0.4 micrograms of carbon) and Wa is
adult weight (65.5 micrograms of carbon) (Huntley and Lopez
1992).
bExpressed as the number of eggs per female per day.
CExpressed as a percentage of production.

were never detected. Therefore, the abundance of empty egg
cases was presumed to be due to cannibalism. An estimate of
the incidence of cannibalism was obtained from the equation,

CE=	EC	xl00%	 (1)
[EP+(EC-IV)+IVJ

where, CE = percentage of total egg production that was
cannibalized,
EC, EP, and N are the numbers of empty egg cases,
unhatched eggs, and stage 1 nauplii, respectively.

The mean incidence of cannibalism in experiments CD02
to CD06 ranged from approximately 25 to 89 percent of the
total egg production (EP+EC), the grand mean being 55.5 per-
cent (table 2).

Daily egg-production rates, substantially higher than
those observed during our study in the Weddell Sea (i.e., up to

- approximately 40 eggs female per or
7 percent of body carbon per day),
were reported for C. acutus in

We	Start time	Drake's Passage and northern Brans-
field Strait in October and November

03:00	(Huntley and Escritor 1991) and in
12:50	Gerlache Strait in the period from
10:20	December to March (Lopez et al.
10:15	1993). In October, in Drake's Passage
13:45	and the northern Bransfield Strait,
12:00 egg production was initially inde-

pendent of food availability (i.e.,
mediated by body-lipid reserves).

Production could not be sustained in the absence of food,
however, and egg production declined rapidly to levels similar
to those observed in our study in the Weddell Sea (Huntley
and Escritor 1991). In March, egg production varied directly
with food (chlorophyll) availability, saturating in environ -
ments characterized by integrated chlorophyll concentrations
of 200-300 milligrams per square meter (Lopez et al. 1993).

During our experiments, the prymnesiophyte, Phaeocys-
tis puchetii, thought not to be consumed extensively by
calanoid copepods, was frequently abundant in the water col-
umn. It is feasible that high egg-production rates during the
summer could not be supported by the remaining
microplankton biomass. Under such conditions cannibalism
(which, on average, exceeded 50 percent of egg production)
may be adaptive by conserving copepod biomass for periods
when food concentration or quality has improved.

We appreciate the help and cooperation of J.J. Torres, G.
Vargo, T. Hopkins, M.E. Clarke, and their students and staffs,
as well as the support provided by the captain, crew, and
technicians aboard R/V Polar Duke during this study. This
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Results of six egg-production experiments (CDO1 to CD06) with C.
acutus in the Weddell Sea during the spring of 1993. (Error bars = ±1
standard deviation.) (Eggs copepod- 1 day- 1 denotes eggs per cope-
pod per day.)
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Energy metabolism during development of the antarctic sea
urchin Sterechinus neumayeri
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ittle is known about the developmental physiology of lar-
al forms of antarctic marine invertebrates. At tempera-

tures typical of sea water in McMurdo Sound (-1.8°C), rates of
development are slow (Pearse, McClintock, and Bosch 1991).
The feeding larval stage (pluteus) of the antarctic echinoid
Sterechinus neumayeri develops approximately 20 days after
fertilization; the juvenile stage is reached by 115 days (Bosch
et al. 1987).

We investigated the biochemical and physiological
changes that occurred during the early development of this
species. Our approach was to
• measure the changes in respiration during development to

the feeding larval stage;
• measure the changes in enzymes involved in aerobic

metabolism; and
• measure the changes in total protein, total lipid, and spe-

cific lipid classes during development.

Respiration during development

E
mbryos and larvae were removed from the culture vessels
at various times during the 38-day period of development

studied. The respiration of a known number of individuals
was measured at -1°C in a microrespiration chamber (see
Jaeckle and Manahan, 1992, for description of instrumenta-
tion used). Controls (same respiration chambers without ani-
mals) were run before and after each measurement with ani-
mals present and were used to correct for any background
amounts of oxygen consumption. Figure 1A shows that the
metabolic rate increased during development, from newly
hatched stages to the feeding larvae stage. A least-squares lin-
ear regression was used to plot the line describing the rate of
increase in metabolism with time of development (variance
ratio, VR=38.59***, F0001 [1,301_13.3).

Changes in activity of citrate synthase during develop-
ment

p
revious research has shown that certain enzymes of energy
metabolism can be accurate predictors of overall metabol-

ic rate. Activity of citrate synthase (a citric acid cycle indicator)
has been used to estimate the aerobic metabolic capacity of
invertebrate (e.g., Hand and Somero 1983) and vertebrate tis-
sues (e.g., Crockett and Sidell 1990; Yang and Somero 1993).
The technique (described in citations above) is versatile
because it can be applied to frozen tissue (cf the difficulty of
making metabolic measurements on live organisms).

We measured no significant change in total activity of cit-
rate synthase during the period of development studied (figure
1B; yR of slope = 0.09 flS; total degrees of freedom = 31). Our
finding that enzyme activity does not correlate with increasing
respiration rate suggests that attempts to establish quantita-
tive relationships between enzymic activity and metabolic rate
should proceed with caution for antarctic larvae.

Total protein, total lipid, and specific lipid classes

T
otal protein of homogenates was measured with the Brad-
ford assay (1976). Protein is not used as an energy source

by developing embryos of S. neumayeri (figure 1 Q. No signifi-
cant decrease occurred in the protein content from eggs (day
0) to early pluteus stage (day 22) (VR=0.17 ns; total degrees of
freedom = 42).

For lipid analysis, samples were extracted quantitatively
by the Bligh and Dyer method (1959) (see White et al. 1979)
and stored at -20°C. A portion of the total lipid extract was
analyzed for total lipid composition with an Iatroscan MK III
TH10 TLC-FID analyzer (latron Laboratories, Japan) (yolk-
man and Nichols 1991). The response of the detector was cali-
brated using external standards covering the concentration
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