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Abstract Open-water, marginal-ice and in-ice zones
were sampled in the Weddell Sca during November and
December, 1993 in an effort to ecxamine the influence of
the early spring bloom on the diet and population
structure of the threce biomass dominant copepods:
Metridia gerlachei. Calanus propinquus, and Calanoides
acutus, The abundance of all three species in the upper
200 m was highest at stations in the open water, but
individually. each specics displayed a unique trend.
M. gerlachei. which showed the least variability, was
significantly more abundant in open water than in the
marginal-ice zone. The abundance of Calanus propinguus
was higher in open water than in the marginal-ice zone
or In the we. Calanoides acurus displayed the highest
variability, with significant differences betwecn all three
ice-cover zones. Dict analysis revealed no significant
differences in the number of food items within each ice-
cover zone and diatoms werc the most numerous item
identified in the guts of all threc species. However,
M. gerlachei and Calanus propinguus also contained
metazoan material, while Calanoides acutus did not.
There were dramatic differences in the age composition
of the species between the zones. Early copepodite stages
of all three species predominated at the ice edge and in
open water. Numbers of M. gerlachei adult females were
roughly equivalent in all three zones while Calanoides
acutus and Calanus propinguus adult females composed a
higher fraction of the total population within the ice.
These results compare well with life-history data com-
piled by other authors and reinforce the importance of
the ice edge to bloom-dependent Antarctic zooplankton.
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Introduction

During the austral spring and summer the ecology of the
scasonal ice zonc in the Southern Ocean is dominated by
the retreat of the pack ice. as the oceanic system expe-
riences a rolling wave of increased primary productivity
associated with the ice edge (Smith and Nelson 1985,
1986, 1990; Sullivan et al. 1988). The result is a frontal
feature that poses a significant problem to the pelagic
community in that primary consumers have a limited
time during which food is abundant. The dynamics of
the marginal iwce zone (MIZ) affect microplankton
community structure (Robins et al. 1995), mesozoo-
plankton vertical distributions (Hopkins and Torres
1988; Robins et al. 1995)., and trophic structure
(Hopkins and Torres 1989). The retreat of the icc edge,
along with its associated bloom, are pivotal events in the
life-cycles of some Antarctic copepods.

The three dominant copepods south of the Polar
Front in terms of biomass are Calanoides acutus,
Calanus propinguus, and Meridia gerlachei. Hopkins and
Torres (1988) found that they represented 47-56% of the
mesozooplankton biomass in the MIZ of the western
Weddcll Sea. Each of the three has different foraging and
life-history strategies. Calanoides acutus exhibits the most
cxtreme adaptation to a polar environment in that late
copepodite stages overwinter at depths of 500 m or more,
remaining trophically inactive during this period. Molt-
ing to adults and mating occur at diapause depth. Fe-
males then ascend into the upper 100 m to spawn,
allowing development of younger stages to take place at
the place and time of highest productivity (Andrews
1966; Marin 1988; Atkinson 1991: Bathmann et al. 1993;
Lopez et al. 1993; Schnack-Schiel and Hagen 1994,
1995). Calanus propinguus has an intermediate life-cycle
in which a portion of the population remains in surface
waters throughout the year. Feeding continues during
winter but metazoans and microheterotrophs appear to
compose a greater portion of the diet. Mating and
spawning occur during the productive period, but for a
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more protracted period than in Calanoides acutus (Marin
1988: Bathmann ¢t al. 1993: Hopkins et al. 1993a.1993b:
Schnack-Schiel and Hagen 1994; Hagen and Schnack-
Schiel 1996). Of the three species, M. gerlachei depends
least on the spring bloom. Ontogenetic vertical migration
1s relatively weak, feeding occurs throughout the year,
and the diet tends to be diverse throughout the year.
Mating and spawning appear to be less closely coupled
with the bloom. and it is possible that more than onc
generation 1s produced per vear (Huntley and Escritor
1992 Schnack-Schiet and Hagen 1994; Mctz and
Schnack-Schicel 1995). Life-cycle data on Calanus prop-
inquus and M. gerlachei show less clear patterns than
thosc for Calunoides acutus. In all three species, it is
unclear exactly how tightly coupled the timing is between
reproduction and arrival of the bloom.

The rescarch presented here was based upon a cruise of
the MV Polar Duke to the western Weddell Sea in
November/December of 1993. The overall purpose of the
cruise was to clucidate the effect of the receding ice edge on
the entire pelagic community. The present study targeted
the reproductive and trophicecology of the three biomass-
dominant copepods discussed above. Specifically, we ad-
dressed the following questions: how clear was the change
in population and trophic structure across the ice edge? Is
the ice-edge bloom a signiticant influcnce on species that
do not rely solely on herbivory as a means of nutrition?

Materials and methods

The cruise plan consisted of an initial transect along the marginal
ice zone (Fig. 1). Following this, we moved north until out in icc-
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Fig. 1 Sampling locations. Open-water stations (), ice-edge stations
(A), pack-ice stations (@)

(ree. low-chlorophyll water, and conducted a north to south tran-
sect from open water to within the pack ice. In addition. a series of
stations were occupied in each of three distinet zones of ice cover
(open water. ice edge. and within-ice) for a period of several days.
At each station during the transects. the water column was profiled
with a CTD rosette for salinity. temperature, and chlorophyll data.
During the periods when residence was maintained in the distinet
ice-cover zones. planklon was sampled with a plummet net and 30-
Niskin bottles. The plummet net is an opening/closing net deployed
vertically. allowing for discrete depth sampling of the water column
even within heavy ice cover. The mouth area was 1 m~ and the net
mesh 162 um. Volumes filtered were calculated as the cross-sec-
tonal area of the net multiplied by the vertical distance sampled
assumimg 100% fltration efficiency.

Within each ice-cover zone. the walter column was sampled in
six discrete depth zones (0-40. 40-100, 100-200, 200 404, 400 -600.
600--1000 m). In addition, several deployments sampled the entire
upper 200 m ol the water column., The 0- to 200-m tows were
primarily to colleet material [or physiological experiments on
zooplankton. but data from those samples are included here. All
plummet net samples were initially fixed in 5-7% bufTered formalin
and subsequently transterred to 30% isopropyl alcohol for storage
and analysis. Plummelt net data were used to obtain the abundance
of the three biomass-dominant copepods: Calanoides acuius.
Calanus propinguus, and Metridia gerlachei. Samples were subdi-
vided in a Motoda box splitter to a fraction of 1/4 10 1/8 and the
total numbers of each of the three species were enumerated by
copepodite stage. Stage was delermined by recording size distri-
bution data for cach species while performing total counts, with life
stages being determined from distinet size peaks in these data. The
mean life-stage ol samples was calculated after Mann (1987). Size
was converted to biomass using the length ; biomass equations for
each species presented by Fransz (1988). All ubundance and bio-
mass data were tested using the general linear models procedure.
The 30-1 bottles were used for one vertical series in cach ice-cover
sone: samples were collected at depths of 0. 10. 20 40, 80. 100. 150.
200. 400. 600. 800 and 1000 m. Niskin samples were RAltered
through 28-um gauze and used for counts of copepod nauplhi.

Diet of each species was analyzed by light microscopy. Indi-
viduals were measured. their life-stage determined. and then guts
were dissected out. Gut contents were spread on glass slides in a
mixture of glycerol. water. and fucsin acid stain. Food items were
identified to lowest possible taxonomic level and counted at x400
magnification using Nomarski DIC optics on a research-grade
compound microscope. Each slide was transected 20 times. with the
number of food items standurdized to total coverslip area to give a
measure ol relative gut fullness between slides. No attempt was
made to convert food items to biomass.

Results

The CTD data suggested we were not impacted by the
Weddell-Scotia confluence (Patterson and Sievers 1980)
even at 58°S (three representative plots from cach ice-
cover zone are shown in Fig, 2). Therefore, we felt any
differences we saw in abundance and population struc-
ture were not due to sampling of different water masses.
The CTD casts also detected a meltwater lens (ot < 27.3)
between 597 and 61°S associated with the MIZ (Fig. 3).
Peak chlorophyll biomass (2.5 mg m™, 113 mg m*
mtegrated 0—40 m) was associated with this lens (Fig. 4).
The pack ice had the lowest chlorophyll of the three
zones (15 17 mg m™), while open-watcr stations werc
intermediate (mean = 69 mg m ). indicating that our
study area conformed to the classical model of primary
productivity following a receding ice edge (Sullivan et al.



Fig. 2 CTD data from three A
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}1988). Thus. data presented here as trends in copepod
abundance and population structure from within the ice
into the open water can be considered, not only as tra-
versing a geographical area, but compressing a period of
time as well.

Species biomass and abundunce comparisons

Combined. the abundance of the three species in the
upper 200 m of the water column inereased from within
the ice to open water (Table I, Fig. 5). Calanoides acutus
was most abundant, with an average of 4.0 ind. m ™ over
all three ice-cover zones. Calanus propinguus was least
abundant (2.1 ind. m ) and M. gerlachei was interme-
diate (3.7 ind. m™). Calanoides acutus also had the
highest biomass, averaging 1.2 mg m™ (DW) per station
in the upper 200 m. The average biomass per station of
Calanus propinguus and M. gerlachei were 0.5 and 0.3 mg
m™? (Table 1, Fig. 6). Total naupliar counts were highest
in the MIZ (2200 ind. m™) while values were interme-
diate within the ice (1800 ind. m™) and lowest in the
open water (900 ind. m™). These numbers were subjected
to a Kruskal-Wallis test {ollowed by a multiple com-
parison (Zar 1984) which suggested that their abundance
in the MI1Z was higher than that in the open water, but
not statistically separable from in-ice abundances.
Analysis of abundance and biomass was limited pri-
marily to the upper 200 m because this is where the
majority of all three copepod populations reside during
the productive season. It should be noted that the bio-
mass and numbers of M. gerlachei in the upper 200 m
may be somewhat misleading due to the vertical distri-
bution of this species. The fraction of the population
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sampled below 200 m was always at least 30% (30% in
ice, 34% MIZ, 42% open water; Fig. 7). In contrast,
only 4-16% of Calanus propinguus and 3-15% of
Calanoides acutus individuals were sampled below 200 m
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Table 1 Abundance and biomass of copepods at cach station in the upper 200 m (+ indicates present in number <0.1 individuals m ™)

Ice-cover zone Station Meridia gerlacher Calanus propinguus Calanoides acutus
number - - -
Individuals m™  mg DW m™  Individuals m™ mg DW m™ Individuals m™ mg DW m™
Ice 24 4.9 0.5 0.8 0.8 2.9 2.9
26 4.5 0.5 1.1 1. S 4.3
28 2.7 0.3 0.6 0.6 4.2 2.9
Zone mean 4.0 0.4 0.8 0.8 4.1 34
MIz 8 0.4 + 0.1 + +
10 1.4 0.2 0.4 + 0.3
16 7.2 0.1 .4 0.2 0.1
21 1.0 + 0.3 + 0.1
44 2.3 0.1 0.6 e ] 0.2
48 22 0.1 0.5 0.1 1.6 0.3
51 24 0.3 2.3 0.5 2 0.4
Zone mean 2.4 0.1 0.8 0.1 1.0 0.2
Open water Il 0.6 0.1 7.0 1.7 10 0.3
14 11 0.8 4.1 0.7 7.0 1.2
62 4.4 0.2 4.6 0.8 10 2.0
64 6.6 0.4 5.4 0.7 10 1.9
Zone mean 5.7 0.3 5.3 0.9 9.3 1.2
Overall mean 3.7 0.3 2.1 0.5 4.0 1.2
(FlgS 8* 9 I.CSPGC[ively)' In f{lCt. When Oﬂly the 0‘ to O Metridia gerlachei O Calanus propinguus & Cal des aculus
1000-m plummet net series is considered, M. gerlachei 2500
becomes the numerical dominant (Table 2), although J
Cualanoides acuius remains the biomass dominant. _, 2000
g I
1500 -
: E
Metridia gerlachei Z1000 N
) ) ] ) kS
When subjected to multiple comparison analysis, 5 g B -
M. gerlachei showed a significant difference in abun-
dance (0-200 m) only between the MIZ and the open 0 ]
Edge Open

water (Fig. 3). There were no significant differences in
biomass between the three zones in the upper 200 m
(Fig. 6). However, the age composition did change with
respect to ice cover. The mean life-stage( MLS) aver-
aged 4.3 at pack-ice stations but dropped to 3.4 in the
MIZ, and 3.1 in open water. This was due to an increase
in carly copepodite stages (CI-III). While the percent-
age of adults remained between 11% and [8%, the
percentage of CI-IIIs rose from 21% within the ice to
69% in the MIZ and 74% in open water (Fig. 10A).
Fortunately, Metridia lucens adults were present in only
two net samples (in extremely low numbers) so analysis
of life-stage data for M. gerlachei was not complicated
by the occurrence of a similar species. The vertical
distribution of M. gerlachei changed as well. This spe-
cles was located deeper in open water than within the ice
(Fig. 7). It does appear that the early copepodite stages
(CI-11D) remain a depth zone above the middle cope-
podites and adults,

Diet analysis revealed diatoms as the most com-
monly identified food item (Table 3). Other items, such
as tintinnids and silicoflagellates, occurred only rarely.
Metazoan material was found in the guts of this spe-
cies, but there was no trend in its occurrence in diets
between ice-cover zones. Empty guts were infrequent,

Fig. 5 Abundance of the three copepods in the upper 200 m by ice-
cover zone

O Metridia gerlachei O Calanus prop O Calanvides acutus

300 I

Ice Edge Open

Fig. 6 Biomass of the three copepods in the upper 200 m by ice-cover
zone

and only occurred within the ice or MIZ. A Kruskal-
Wallis test failed to find any differences in the number
of food items per gut between the different ice-cover
ZONes.



Calanus propinguus

This species was more abundant in open water than
within the icc and the MIZ (Fig. 5). while biomass

Fig. 7 Vertical distribution of
Merridia gerlachei IWe-stages by
ice-cover zone

Fig. 8 Vertical distribution of
Calanus propinguus life-stages
by ice-cover zone
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was significantly lower at the MIZ than cither within
the ice or in open water (Fig. 6). Calanus propinguus

showed a stronger trend of decreasing age of the
population betwecn ice-cover zones than M. gerlachei.
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The MLS was 4.7 within the ice and only 2.6 and 2.4
mn the MIZ and open water respectively. Unlike
M. gerlachei, adults of Calanus propinquus composed
less of the MIZ and open-water samples. While adults
were 46% of the individuals within the ice, they were
less than 5% in the MIZ and open-water stations
(Fig. 10B). Meanwhile. the percentage of CI-III indi-
viduals 1ncreased from 19% to 84%. The drastic
change in the age structure of this species made it
difficult to compare vertical distributions between the
different life-stages. However, both early and late co-
pepoditc stages were absent from the upper 40 m

within the ice (Fig. 8). In the MIZ the abundance
modcs for both groups were still found from 40 to
100 m, but individuals were present in the upper 40 m.
At open-water stations, the abundance modes had
moved into the upper 40 m.

Diatoms were the most commonly identified diet item
(Table 3). This specics also contained metazoan mate-
rial. and there was no trend in its occurrence based on
ice cover. Within the ice. 20% of the stomachs were
empty. compared to none in the MIZ and 4% in open
water. Despite this, there was no significant difference in
the number of dict items between ice-cover zones.

Fig. 9 Vertical distribution of Ice MIZ
Calanoides acutus life-stages by Open
Ice-cover zone 0 0 0
" 40 40 B w)
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Table 2 Abundance and biomass of copepods at each station from 0 to 1000 m

lee-cover zone  Station Metridia gerlachei Calanus propinguus Calanoides acutus
number -
Individuals m™  mg DW m™  Individuals m™  mg DW m™ Individuals m™*  mg DW m*
Ice 24 1.4 0.1 0.2 0.2 0.7 0.7
26 2.3 0.3 0.4 0.3 2.3 1.7
28 1.6 0.1 0.2 0.2 1.4 0.9
Zone mean 1.8 0.2 0.3 0.2 1.5 I.1
MIZ 48 1.2 0.1 0.3 0.1 0.4 0.1
51 1.2 0.1 0.7 0.1 0.8 0.1
Zone mean I.2 0.1 0.5 0.1 0.6 0.1
Open 62 2.3 0.2 1.00 0.2 2.1 0.5
64 35 0.3 1.4 0.2 2.4 0.5
Zone mean 29 0.3 1.2 0.2 2.3 0.5
Overall mean 1.9 0.2 0.8 0.2 1.4 0.6
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Table 3 Categorics of diet items and their {requency of occurrence within cuch ice-cover zone (OW open water)

N Empty  Diatoms  Dinoflagellates  Silicoflagellates Tintinnids — Unidentified  Metazoan
eukaryotes material

Merridia gerlacher Ice 25 3 | | 1 9 5

Mlz 25 4 2 o 3

Ow 25 3 2 1 Y 4
Calanis propinguus [ce 25 b 20 2 3 13 4

Mlz 25 23 3 1 1 9 3

OW 25 | 24 1 14 S
Calanoides acutus lee 25 6 19 2 9

Mlz 25 25 1 1 4

oW 25 23 2

Fig. 10 Life-stages distribu-
tions of A Metridia gerlachei
B Calanus propinguus and
C Calanoides acutus i the
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Calanoides acutus

This copepod exhibited the most distinet pattern in
abundance with all three zones significantly different
(Fig. 5). MIZ stations had the lowest abundance and
open-water stations the highest. Biomass was also
significantly different between cach of the three zones
and. like the abundance data. lowest values were in
the MIZ. However, contrary to the abundance pat-
tern. the highest biomuss values were seen within the
ice (Fig. 6). This discrepancy between the abundance
and biomass data reflects the age structure of the
population. The MLS consistently decreased moving
from ice to MIZ to open water (5.2, 3.2 and 2.6 re-
speetively). Adults females composed from 37% of the
0- to 200-m population within the ice but [% in
the open water while CI-III rose from only 2% within
the ice to 79% in the MIZ and opcen water (Fig. 10C).
No adult males were tfound. The vertical distribution
data for Calanoides acutus showed middle copepodite

Open Ice

Edge Open Ice Edge Open

stages tended to be somewhat deeper than adults un-
der the ice (Fig. 9). It should be noted that the mode
for CIV--V is in the 40- to 100-m depth interval while
that for adults is m the 0- to 40-m range. Addition-
ally, 53% of the CIV-Vs were found below 100 m, as
opposed to only 37% of the adults,

Diatoms were the most commonly identified diet 1tem
for this species as well; however, unlike M. gerlachei and
Calanus propinguus, there was no occurrence of meta-
zoan material (Table 3). Empty guts were found only
within the ice samples; however., the Kruskal-Wallis test
did not indicate any significant differences in number of
diet items betwecn the zones.

Discussion

The primary hypothesis of the present study was that the
raptdly receding ice edge was a vital event in the life-
cycles of the three species considered. It was expected
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that copepod populations would display the most win-
ter-like characteristics within the ice and the most sum-
mer-like characteristics in the open water. Therefore we
looked for the following changes moving along the
space/time transect of Ice = MIZ = Open water:

1. Dietary shifts in Calanus propinguus and M. gerlachei

(less omnivorous at the MIZ and open-water

stations), as well as Calanoides acutus (trophically

mactive within the icc).

Change in the vertical distribution of Cualanoides

acutus (ascent of the population).

3. Increased abundance of all threc species (duc to
mcrease in juveniles in the population).

4. Proportionally more young life-stages present.

o

Of the three copepods, M. gerluchei has a life-cycle least
specialized for the high latitudes (Schnack-Schiel and
Hagen 1994, 1995; Atkinson 1998). It is, therefore, not
surprising that the data for M. gerlachiei show the feast
variabtlity with respect to ice cover. The abundance of
M. gerlachel in open water was higher than that at the
MIZ, but the difference was not significant between the
pack-ice and open-water stations. The greatest differcnce
was In the number of early copepodite stages (CI-III)
found in the pack icc and in open water (29% and 74%
respectively). Atkinson and Shreeve (1995) saw a similar
shift in population structure across an ice edge in the
Bellingshausen Sea, except that adults dommated their
ice-bound stations while late copepodite stages domi-
nated ours. In the Bransfield Strait, Huntley and
Escritor (1992) found a similar shift in age structure over
a very similar time period. Schnack-Schiel and Hagen
(1994, 1995) reported age structure of this species in the
summer as being dominated by Cls and later stages
(CIV, adults) in the southeastern Weddell Sea. Fur-
thermore, by autumn, early copepodite stages composed
the vast majority (~80%) of their samples. The
November/December life-stage data from our samples
within the ice most closely resemble their October/
November samples, while within the MIZ and open
water we obtained very similar percentages of early co-
pepodite stages (about 70%) to what they reported in
summer and autumn (Schnack-Schiel and Hagen 1994,
1995). Therefore, the change in the age structure of the
population we observed appeared to be compressed
relative to their data. This is not surprising as theirs was
a seasonal study, while we attempted the equivalent of
compressing time by sampling across a rapidly receding
ice edge.

The predominance of diatoms in the guts of
M. gerlachei has been reported previously. An investi-
gation in the western Weddell Sea in autumn (Hopkins
and Torres 1989) placed M. gerlachei in a feeding guild
characterized by 97% of the identifiable food items
being composed of phytoplankton. The results presented
here certainly do not contradict that assignment. It
should be noted, however, that the type of diet analysis
used in the present study did not detect small, non-
thecate diet items. This may be especially important in

the casc of M. gerlachei, as Atkinson (1995) and
Atkinson et al. (1996) suggested such motile organisms
are important in the dict of this species.

Calanius propinguus resembles M. gerfachei in that a
portion of the population remains in surface waters and
stays trophically active in winter (Bathmann et al. 1993:
Hopkins et al. 1993a; Spiridonov and Kosobokova
1997). However, there werc some differences mn the
present data to suggest that the seasonal surge in pri-
mary productivity was more important to Calanus
propinguus than to M. gerlachei. First, stations in the
open water had a higher abundance of Calanus prop-
inguus than those within the icc or MIZ. The copepodite
stage data indicated this was duc to the addition of
vounger individuals to the population. Second, the life-
stage percentages showed some differences. For cxam-
ple, while the percentage of adults of M. gerlachei varied
little, that of Calanus propinguus dropped dramatically.
Within the e, adult Calanus propinguus made up 46%
of the samples, but the percentage dropped to 3% at the
MIZ and remained low at open-walter stations. Data
from Atkinson and Shrecve (1995) showed adults were
never abundant and carly copepodite stages were always
prevalent, rcgardless of ice cover in the Bellingshausen
Sea in the spring. Compared to Schnack-Schicl and
Hagen (1994, 19935), the age structure within the ice most
closely resembles their October/November data, while
the MIZ and open-water samples most closely resemble
their January/February data.

There was no difference in gut fullness based on food
item counts for Calanus propinguus among the different
zones. It i1s worth noting that the majority of empty
stomachs were found in the pack ice (five vs only one
between the other two zones). Perhaps more significant
than the gut fullness data was the lack of a trend in the
amount of metazoan material in the guts like that found
by Hopkins and Torres (1989).

Of the three species, Calanoides acutus displayed the
strongest trends. The low abundance of copepodites and
adults at the ice edge was counterintuitive. However, the
fact that nauplhar counts were higher at the MIZ than
within the other two ice regimes may provide an expla-
nation for this, as Calanoides acutus may have been
present at the ice edge in high numbers. but as naupliar
stages. The dramatic increase in abundance n the open
water was due to the addition of younger individuals
into the population. The presence of copepodite stages
CIV, CV and adults of this species in the upper 200 m
even within the ice is significant as 1t indicates that the
sumnier ascent of this seasonal vertical migrant has
already taken place.

Based on the lack of males occurring in surface
waters, Murin (1988) proposed a scenario in which
Calanoides acutus females mate at depth and then
ascend into surface waters in the spring. In the south-
castern Weddell Sea. Schnack-Schiel et al. (1991) pri-
marily found mature females made the vertical ascent,
which agrees with Marin’s model. Therefore, the large
numbers of CIV and CV individuals in the upper 200 m



mn our study were not expected. Since no males were
present in our samples. there was no evidence to suggest
mating was taking place in the upper 200 m. One pos-
sible explanation is the suggestion that Calanoides acutus
may. at times, have a 2-year life-cycle (Atkinson 1991;
Atkinson et al. 1997). Annual variability in production
may make it difficult for an entire cohort to complete
their life-cycle within | year. Indeed. there is evidence
for failure of the classical MIZ bloom to develop at
times (Jacques and Panouse 1991; Jochem et al. 1995).
In this scenario, the late copepodite stages found in
surface waters would have overwintered at an carlier
stage, and therefore would not have been ready to spawn
at the onset of spring. Such individuals could presum-
ably overwinter twice before reproducing. Other studies
have found Calanoides acutus concentrating in the upper
200 m at least a full month later than our data indicate
(Schnack-Schicl et al. 1991; Schnack-Schiel and Hagen
1994, 1995), a discrepancy possibly due to the difference
in latitude between their sampling locations and ours
(72-73°S vs 58- 62°S).

Life-stage data for Calanoides acutus were similar to
those of Calanus propinguus. The percentage of adults
dropped from 37% within the ice to 1% in the open
water. The dramatic difference in the age structure of the
samples explains the higher biomass of Calanoides acu-
tus within the ice despite a higher numertcal abundance
at open-water stattons, There was a greater percentage
of voung (CI-U) Calanus propinguus than Calanoides
acutus within the 1ce. mdicating that the species may
have started breeding earlicr than Calanoides acutus,
which has been found before (Schnack-Schiel et al. 1991,
Atkinson and Shrecve 1995),

Lack of a trend in diet composition across ice-cover
zones was expected for Culanoides acutus. Previous
studies have shown that this species remains trophically
inactive in winter rather than showing a shift in diet
(Schnack-Schicl et al. 1991, Hopkins et al. 1993a;
Atkinson 1995). The herbivorous naturc of its diet was
consistent with previous results (Hopkins and Torres
1989; Hopkins et al. 1993b) and highlights the special-
ized nature of its lifestyle. The most important result of
the diet study was the fact that individuals were feeding
within the ice at all. Despite the proportionally higher
occurrence of empty stomachs within the pack ice, and
the total fack of empty stomachs in the MIZ or in open
water, therc was no statistically significant trend in gut
fullness for Calanoides acutus across the three ice zones,
This indicated trophically that it had already partly
switched to spring/summer mode. and that “grazable™
phytoplankton was available in the water column under
the 1ce. This 1s not surprising considering that chloro-
phyll values within the ice were higher than those typi-
cally reported in winter (Garrison et al. 1993; Scharck
et al. 1994). and around the range suggested to be at the
threshold for egg production (Lopez ct al. 1993),

Regarding our basic hypotheses, the diet data were of
little help in highlighting the importance of the receding
ice edge. Although there was a trend in the number of
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empty stomachs in the ice for Cdalanoides acutus and
Calanus propinguus. there was no significant trend in the
number of identifiable dict items for any species. Addi-
tionally, M. gerlachici and Calanus propinguus did not
display any compositional trends (c.g. more metazoan
material within the ice compared to the cdge and open
waler). The type of diet analysis performed {or this study
requires caution to be used in making any statements
regarding dict changes related to ice cover, especially if
there are no apparent trends in the readily observable
(e.g. diatoms) food ttems. There is growing data on the
importance of small soft-bodied forms of cukaryote
plankton in the diets of copepods. Such items cannot
usually be effectively detected by microscopic examina-
tion of gut contents. Additionally, sample size was small.
and collection was limited to the late afternoon (and
therefore may miss any trends induced by a diel fecding
pattern). However. the higher occurrence of empty
stomachs within the ice for Calunus propinguus and
Calanoides acutus 1s worth noting. Vertical distribution
data were also of little help in the case of Calanoides
acutus, the strongest seasonal migrant, as this specics
was in the epipelagial in all three ice-cover zones.

Abundance data favored accepting the basic hy-
potheses. The two species which are affected most by
scason, Calanus propinguus and  Calanoides  acutus,
showed trends of increasing abundance from within the
ice to open water. M. gerlachei, which has shown the
feast variability in scasonal studies. did not show as
pronounced a change in abundance with ice cover
(within-ice and open-water values not significantly dif-
ferent). The strongest evidence for importance of the
receding ice edge came from the life-stage data. Adult
females of all three species were well represented within
the 1wce. The change in age structure of the Calanus
propinquus and Calanoides acutus samples across the
MIZ was dramatic, with adults of both species all but
disappearing. Even the M. gerlachel population became
younger across the ice-cover cline. Other studics have
shown a similar shift in age structure, but generally over
a longer period of time.

In concluston. the data support the idea that the re-
ceding ice edge is an important feature in the life-cycles
of thesc organisms. Despite the fact our ice stations
obviously did not represent winter conditions, we were
still able to detect changes in the abundance and age
structure of the populations, These changes also scemed
to show a gradation of being strongest in Calauoides
acutus and weakest in M. gerlachei. Our data fit in very
well with previous work on the life-cycles of these
copepods, and further demonstrate that the responsc to
the seasonal production pulse may occur over fairly
small time and space scales.
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