
ORIGINAL PAPER

Joseph Donnelly Æ Tracey T. Sutton Æ Joseph J. Torres

Distribution and abundance of micronekton and macrozooplankton
in the NW Weddell Sea: relation to a spring ice-edge bloom

Received: 15 March 2005 / Revised: 19 July 2005 / Accepted: 19 July 2005 / Published online: 27 September 2005
� Springer-Verlag 2005

Abstract Micronekton and macrozooplankton were
collected during the austral spring of 1993 in the NW
Weddell Sea. Sampling was done in three areas of the
marginal ice zone: pack ice, ice edge, and open water, to
examine the short-term effects of the spring phyto-
plankton bloom on the distribution and abundance of
dominant fish and invertebrate species. Significant dif-
ferences were observed for several common species,
including Salpa thompsoni,Euphausia superba, Electrona
antarctica, Gymnoscopelus braueri,and G. opisthopterus.
Increased abundance seaward of the pack ice for these
species is attributed to elevated phytoplankton and
zooplankton biomass at the ice edge and in the open
water areas. Distribution of the hyperiid amphipods,
Cyllopus lucasii and Vibilia stebbingi mirrored that of S.
thompsoni. No distributional trends between the areas
were observed for Thysanoessa macrura, the amphipods
Cyphocaris richardi and Primno macropa, the decapod
shrimp Pasiphaea scotiae, the scyphomedusae Atolla
wyvilli and Periphylla periphylla, and chaetognaths,
indicating a trophic independence from the ice-edge
bloom for these species. Lower occurrence of the
mesopelagic fish Bathylagus antarcticus and Cyclothone
microdon under the ice suggested that trophic repercus-
sions of the spring bloom can also extend to deeper
living species.

Introduction

In the Southern Ocean, seasonal change in the sea ice
extent is a driving force structuring the pelagic ecosys-
tem (Eicken 1992; Laws 1985; Smetacek et al. 1990),
especially within the marginal ice zone (MIZ) where
pack ice meets open water. In the austral spring, melt-
water associated with the receding ice edge stabilizes the
surface layer promoting the development of localized
blooms of phytoplankton and protozooplankton (Gar-
rison and Buck 1989; Smith and Nelson 1985, 1990).
Although temporally and spatially constrained, ice-edge
blooms are a major energy resource for zooplankton,
influencing the biology and ecology of primary con-
sumers such as krill and copepods (Atkinson and Shre-
eve 1995; Brierley et al. 2002; Burghart et al. 1999; Daly
and Macaulay 1988, 1991; Godlewska 1993; Robins
et al. 1995; Schalk 1990; Stepien 1982).

With the exception of krill, there are few studies on
how ice-edge blooms influence micronekton species.
Pakhomov et al. (1999) showed elevated carnivorous
micronekton and macrozooplankton biomass in the
MIZ and results from AMERIEZ (Antarctic Marine
Ecosystem Research in the Ice-Edge Zone, 1983–1988)
showed that the effects of ice cover and changes in prey
distribution associated with ice-edge blooms can be
manifested in the horizontal and vertical distribution of
mesopelagic fish and crustaceans (Ainley et al. 1986,
1991; Daly and Macaulay 1988; Lancraft et al. 1991;
Torres et al. 1984). In a study utilizing acoustics to
examine the upper 100 m, Kaufmann et al. (1995) re-
ported that while both target size and abundance were
routinely greater in open water than the pack ice, a
distinct diel pattern in the occurrence of larger
(�12 cm) targets was only observed under the ice.
Based on day/night trawls conducted within the upper
300 m, the authors attributed the nightime increase in
large targets under the ice to migrating mesopelagic
fishes, notably Electrona antarctica and Gymnoscopelus
braueri.
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In order to further elucidate the effects of the marginal
ice zone on zooplankton and micronekton, a spring
cruise was conducted to sample the closed pack, ice edge,
and open water areas of the MIZ sequentially as an
identified bloom progressed southward with the receding
ice. Results on zooplankton physiology and population
dynamics, as well as micronekton physiology and bio-
chemistry have been reported previously (Burghart 1999;
Donnelly et al. 2004; Geiger et al. 2001; Kawall et al.
2001). The present study reports on the distribution and
abundance of common fish and invertebrate micronek-
ton and macrozooplankton within the 0–1,000 m water
column under pre-bloom (pack ice), bloom (ice edge),
and post-bloom (open water) conditions.

Materials and methods

Study area

Field work was done in the Weddell Sea vic. 60�S 36�W
aboard the R/V Polar Duke in late November and
December 1993. To assess the location and extent of the
spring bloom, two transects were run within the MIZ

while continuously monitoring chlorophyll biomass as in
vivo fluorescence (Fig. 1). The first was a west to east
transect along the ice edge to examine the variability
within the core of the bloom. The second was a north to
south transect to delineate the latitudinal extent of the
bloom. The north–south transect was initiated far en-
ough north of the ice edge to be seaward of the bloom,
as indicated by in-vivo fluorescence values well below
those recorded in the bloom. From its most northerly
point in open water, the transect proceeded through the
core of the bloom at the ice edge into the pack ice until
the fluorescence signal from the bloom was absent at the
southern end. At that point, 5–6 day occupations were
conducted in each of the three MIZ areas: pack ice (pre-
bloom), ice edge (bloom), and open water (post-bloom).
Day length during the south–north sampling transect
ranged from 17 to 19 h with 90% of available sunlight
occurring generally between 0500 and 2000 hours. The
biological and physical framework of each MIZ area
was provided by CTD/rosette casts, primary produc-
tivity measurements, and chlorophyll- a biomass deter-
minations. Primary production methodology followed
Cota et al (1992) and Smith and Nelson (1990); chlo-
rophyll biomass methodology followed Holm-Hansen
and Rieman (1978).

Collection of specimens

Sampling was done by oblique tows in the upper
1,000 m of the water column using two different-sized
Tucker trawls, one with a 2.3 m2 mouth area, the second
with a 9.3 m2 mouth area. Both trawls had a 4 mm mesh
main net tapering to a 1 mm mesh meter net. Each net
terminated in a bucket-type cod-end with a 1 mm mesh
liner. Trawls were towed at an average speed of 2 knots.
While fishing, trawling depth was estimated by wire
angle triangulation and continuously recorded with a
time-depth recorder mounted on the trawl frame. The
volume of water filtered was estimated using tow speed,
effective mouth area, and distance covered. Effective
mouth area was calculated assuming a 35� net angle.
Distance covered was calculated from duration of tow,
ship’s distance traveled, and depth of tow. A 0.5 m
(2.3 m2 trawl) or 0.75 m (9.3 m2 trawl), 163 lm-mesh
plankton net was nested within the mouth of the trawl.
Micronekton specimens captured in the plankton net
were included in trawl catch summaries. Tows in the
pack ice were conducted in leads created by the ship’s
wake. Ice cover within the pack ice area of the study was
substantial, usually 8/10 cover or greater. However,
owing to the time of year, the ice was fairly soft and did
not impede the ship’s forward way. Trawls conducted
within the ice had a speed of 2 knots. Trawls were exe-
cuted with the A-frame in, to bring the wire closer to the
back of the vessel and minimize the chance of hooking
the wire on ice floes.

Forty-five successful oblique tows were conducted in
the three MIZ areas: 14 in the pack ice, 20 at the ice

Fig. 1 Cruise track in NW Weddell Sea. (filled circle) Pack ice
stations, (filled triangle) ice edge stations, (filled square) open water
stations, (open diamond) transitional stations. Dashed line represents
approximate position of ice edge at the beginning and end of the
cruise. Dashed boxes show trawling locations during multi-day
occupations within each MIZ area
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edge, and 11 in open water (Table 1). Five ice-edge tows
and three open water tows occurred during daylight
hours.

Sample analysis

All trawl catches were preserved in a buffered 5–10%
formaldehyde solution, shipped to the laboratory for
analysis, and then stored in 50% isopropanol. For some
tows, subsampling of the catch prior to preservation was
required due to the large salp (Salpa thompsoni) bio-
mass. Salp numbers were estimated volumetrically
assuming 1 l�500 individuals �40 g dry mass (gDM).
All fish, megaplankton, and large micronekton speci-

mens (e.g., decapods, scyphomedusae) were removed
from the trawl catch prior to subsampling. Abundance
and biomass totals for species not sorted prior to sub-
sampling were corrected to reflect total catch volume.
Sorted micronekton and macrozooplankton were iden-
tified to the lowest possible taxon, enumerated, mea-
sured [(mm standard length (SL)], and weighed.
Chaetognaths were considered collectively. Previous
studies indicated that the principally occurring species
were Sagitta gazellae,S. marri, and Eukrohnia hamata
(Hopkins and Torres 1988; Lancraft et al. 1989, 1991;
Siegel et al. 1992).

Amphipod SL was measured from the front of the
head to the tip of the telson. For euphausiids and the

Table 1 Tucker trawl sample data

Date Station Tow # MIZ area Tow depth
(m)

Latitude
(�S)

Longitude
(�W)

Local start
time

Local end
time

Vol. filt.
(m3)

12/4/93 18 1 E 250 60 11.94 37 00.20 1:55 2:31 3,513
12/5/93 25 2 I 250 61 54.97 36 18.28 23:41 0:14 7,854
12/6/93 25 3 I 350 61 55.80 36 15.93 0:33 1:27 4,030
12/6/93 25 4 I 700 61 54.69 36 11.98 3:14 5:09 10,471
12/6/93 27 5 I 225 62 02.55 36 18.72 23:36 0:12 4,936
12/7/93 27 6 I 500 62 03.79 36 14.80 0:32 1:50 9,354
12/7/93 27 7 I 1,100 62 03.06 36 13.47 2:02 5:02 22,582
12/7/93 29 8 I 1,100 62 02.95 36 04.15 19:54 22:15 49,284
12/8/93 30 9 I 180 62 04.19 35 58.53 0:14 0:50 11,326
12/8/93 30 10 I 700 62 02.78 35 58.97 1:11 2:44 29,292
12/8/93 31 11 I 900 62 03.87 35 57.44 4:30 6:53 68,543
12/8/93 34 12 I 210 61 59.96 35 41.07 21:36 22:06 14,447
12/8/93 34 13 I 290 62 00.96 35 40.10 22:28 23:33 30,845
12/9/93 35 14 I 1,050 62 00.21 35 40.35 1:21 3:45 89,359
12/9/93 35 15 I 190 61 59.41 35 38.39 4:00 4:31 14,844
12/13/93 49 16 E 130 61 14.48 38 06.68 21:51 22:30 18,423
12/13/93 49 17 E 900 61 13.84 38 04.85 23:10 1:06 56,175
12/14/93 49 18 E 1,100 61 12.08 38 12.75 1:44 4:16 87,285
12/14/93 50 19 E 1,100 61 09.06 38 13.67 14:16 16:40 86,179
12/15/93 51 20 E 200 61 09.27 38 13.27 0:17 0:52 21,585
12/15/93 51 21 E 200 61 08.70 38 10.21 1:06 1:38 18,290
12/15/93 51 22 E 950 61 08.32 38 14.39 2:19 4:45 83,544
12/15/93 52 23a E 220 61 10.45 38 16.06 12:53 13:24 14,939
12/15/93 52 24 E 1,100 61 10.42 38 15.35 15:41 18:05 53,413
12/15/93 53 25 E 150 61 12.28 38 17.21 21:29 22:00 19,787
12/15/93 53 26 E 950 61 12.95 38 20.18 22:18 0:41 68,699
12/16/93 53 27 E 1,000 61 14.10 38 18.24 1:01 3:32 72,532
12/16/93 53 28b E 730 61 14.09 38 20.92 4:44 6:12 42,796
12/16/93 53 29 E 600 61 11.99 38 22.08 6:30 8:20 52,463
12/16/93 54 30 E 1,050 61 15.89 38 25.28 9:50 12:20 72,237
12/16/93 54 31b E 650 61 15.41 38 27.77 13:01 14:40 47,536
12/16/93 54 32b E 1,200 61 15.22 38 29.49 16:38 19:11 64,177
12/16/93 55 33b E 900 61 17.61 38 30.94 20:22 22:54 72,689
12/17/93 55 34 E 900 61 20.65 38 30.10 0:43 3:05 68,082
12/19/93 63 36 O 175 58 58.26 38 00.07 2:53 3:22 13,210
12/19/93 63 37 O 1,000 58 57.84 37 59.74 3:47 6:15 67,764
12/20/93 65 38 O 165 59 03.93 37 55.68 0:27 0:58 14,774
12/20/93 65 39b O 50 59 03.05 37 57.19 1:09 1:25 7,553
12/20/93 65 40 O 1,000 59 01.59 37 57.20 2:17 4:44 70,696
12/20/93 65 41 O 250 58 58.27 38 02.51 4:58 5:25 17,536
12/20/93 66 42a O 175 59 00.65 37 59.09 10:50 11:28 18,044
12/20/93 66 43a O 150 59 07.99 38 06.36 14:58 15:27 19,204
12/20/93 66 44 O 1,000 59 06.21 38 03.96 16:00 18:28 71,155
12/20/93 67 45b O 1,150 59 03.22 37 54.63 21:22 23:55 73,957
12/21/93 67 46b O 150 59 05.98 37 54.52 1:30 2:06 17,061

Tows 1–7 with 2.3 m2 trawl, tows 8–46 with 9.3 m2 trawl. All tows oblique. MIZ area: E ice edge, I pack ice, O open water
aShallow daytime tow not included in abundance and biomass totals
bSample analysis compromised, tow not included in abundance and biomass totals
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decapod shrimp Gennadas kempi, SL was measured from
the tip of the rostrum to the tip of the telson. For the
decapods Nematocarcinus lanceopes and Pasiphaea sco-
tiae, SL was measured from the middle of the eye to the
tip of the telson. Fish SL was measured from the front of
the head to the base of the caudal fin. Sphere diameter in
the hydromedusa Calycopsis borchgrevinki was mea-
sured parallel to the suture axis.

For C. borchgrevinki and S. thompsoni, dry mass
(mgDM) was calculated from length–weight regressions
generated from the present data set; for the chaetogn-
aths, dry mass was either measured directly or calculated
from a previously generated regression. Wet mass
(mgWM) for C. borchgrevinki,S. thompsoni, and chae-
tognaths was estimated by multiplying dry mass values
by 20 (=95% water level; Donnelly et al. 1994; Huntley
et al. 1989; Lancraft et al. 1989, 1991). Biomass
(mgWM, mgDM) for all the other species was deter-
mined from regressions compiled from multiple Ant-
arctic data sets (J. Donnelly and J. J. Torres,
unpublished data).

Integrated abundance (# m�2) was calculated for
each species by dividing their number in the catch by the
water volume filtered for the tow and multiplying that
quotient by the depth range of the tow. Total integrated

abundance within the 0–200 m and 0–1,000 m layers
was determined by averaging calculated values for all
individual tows within each depth layer. Tows in which a
species was not caught were included in the average as
zeroes. Integrated biomass (mgWM m�2, mgDM m�2)
values were determined using an identical protocol.

Mean integrated abundance and biomass values from
the different MIZ areas were compared using one-way
analysis of variance (ANOVA) or, when variances were
not homogeneous, a Kruskal–Wallis (KW) non-para-
metric test (Zar 1974). The level of significance for all
statistical tests was P £ 0.05. Potential temperature
versus salinity (T–S) plots were generated using Ocean
Data View software (Schlitzer 2005).

Results

Hydrographic setting

Three water column layers can be discerned from
representative CTD profiles taken during the south–
north trawling transect (Fig. 2). A surface layer
roughly 40 m thick overlaid a colder, previous-winter
water layer. The winter water layer was centered at
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Fig. 2 Profiles of (A) temperature (�C) and (B) salinity (&) versus depth for representative stations within each MIZ area during the south–
north trawling transect: station 30 at 62�S (pack ice), station 51 at 61�S (ice edge), station 62 at 59�S (open water)
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75 m and extended from 40 to 200 m. Moving from
open water southward, the upper boundary of the
cold winter water layer became progressively shal-
lower, reaching the surface under the pack ice. A third
layer of warm deep water extended from below 200 m
to the maximum depths sampled. Salinity was reduced
in the surface layer at the ice edge stations in con-
junction with the local melt-water lens.

In this region, Weddell Sea waters are separated from
the warmer Scotia Sea by the Weddell Scotia Confluence
(WSC), a transitional area that extends eastward from
the Antarctic Peninsula to the South Sandwich Islands
(Gordon 1967). Characteristic WSC hydrography
attenuates quickly east of the South Orkney Plateau and
by 40�W, the WSC is a diffuse transitional boundary
containing meso-scale eddies (Foster and Middleton
1984; Paterson and Sievers 1980). Foster and Middleton
(1984) used the �0.8�C isotherm at 50 dbar to mark the
northern boundary of Weddell Sea water while Moun-
tain and Huber (1985) used the salinity of the deep �1�C
isotherm as an index for distinguishing WSC water
(salinity at �1�C <34.35&). Applying these same cri-
teria in the present study, hydrographic data (Fig. 2, 3)
indicate that our pack ice and ice edge sampling areas
were in Weddell Sea water, and our open water sampling
area was in the southern portion of the WSC.

Bloom characterization

Measurements of chlorophyll- a concentration and
carbon production indicate that the study area con-
formed to the classical model of primary productivity
following a receding ice edge (Sullivan et al. 1988).
During the initial north–south transect, maximum
chlorophyll concentration (2.8 lg l�1, Fig. 4a) coinci-
dent with a melt-water lens (rt £ 27.3, Fig. 4b) was
detected in association with the ice edge between 59�S
and 60�S. At the southern end of the rapid N–S
transect (Station 23, 62�S), chlorophyll was low
(0.4 lg l�1, integrated 0–40 m) and primary produc-
tion was low relative to the ice edge. During the
occupation in the pack ice, net primary production
(integrated 0–40 m) increased from 250 mg C m�2

day�1 to 1,000 mg C m�2 day�1 and chlorophyll bio-
mass increased, characteristic of a developing bloom.
Continuing south to Station 38 at 63�S, chlorophyll
was again low (0.4 lg l�1) and primary production
was 500 mg C m�2 day�1. We then headed north to
the multi-day occupation within the core of the
bloom, which was now displaced roughly 150 km
southward with the receding ice edge (61.2�S, Fig. 1).
Mean chlorophyll concentration at the core of the
bloom (Stations 42–55) was 3.5 lg l�1 with primary
production around 1,000 mg C m�2 day�1. Mean
chlorophyll concentration in the open water (Stations
61–67) was 1.7 lg l�1 ; primary production was also
intermediate, ranging from 500 to 750 mg C m�2

day�1.

Abundance and biomass

Mean integrated abundance and biomass values for 29
species within the three MIZ areas are shown in Table 2
(0–200 m) and Table 3 (0–1,000 m). The euphausiid
Thysanoessa macrura and chaetognaths were most
ubiquitous, being caught in every tow, followed by
Euphausia superba, which occurred in all but two tows in
the pack ice area. Eight of the 29 species examined were
not collected in particular MIZ areas. The hyperiid
amphipod Vibilia stebbingi and the ostracod Giganto-
cypris mulleri were not captured within the pack ice. The
hyperiid amphipod Themisto gaudichaudii, the euphau-
siid E. triacantha, and the fish Cyclothone kobayashii,
Gymnoscopelus nicholsi, and Protomyctophum bolini only
occurred in the open water area.

Species that did not occur in 0–200 m tows in any
MIZ area included the gammarid amphipod Cyphoc-
aris richardi, the decapods G. kempi and P. scotiae, the
euphausiid Euphausia triacantha, the fishes B. antarc-
ticus, C. kobayashii, and P. bolini, the scyphomedusa
Periphylla periphylla, and the giant ostracod G. mul-
leri. The fishes Cyclothone microdon (open water) and
Gymnoscopelus opisthopterus (ice edge) were only rep-
resented in shallow layer tows by one small individual
each.

Fig. 3 Potential temperature (�C) versus salinity (&) for representa-
tive stations within each MIZ area during the south-north trawling
transect: station 30 at 62�S (pack ice), station 51 at 61�S (ice edge),
station 62 at 59�S (open water). Dashed line indicates the intersection
of �1�C with 34.35 &
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Catch densities

Catch densities were considerably reduced in the three
shallow daytime tows (1 ice edge, 2 open water), par-
ticularly for S. thompsoni, E. superba, Thysanoessa
macrura, and E. antarctica. No differences in specimen
abundance or catch assemblage were evident in the five
deep daytime tows (4 ice edge, 1 open water). Reduced
catches during the day in epipelagic waters can result
from diel changes in vertical distribution or an increased
level of net avoidance. To avoid potential bias, daytime
tows shallower than 500 m were not included in abun-
dance and biomass totals (cf. Lancraft et al. 1989).

Catch densities were further examined for the eup-
hausiids E. superba and T. macrura as these species can
form large aggregations which may result in very high
variability between samples. Maximum catch densities
were 0.059 individuals m�3 for E. superba (station 25,
tow 3) and 0.026 individuals m�3 for T. macrura (station
65, tow 38). Ratios of median to mean catch densities
(individuals m�3) for both species were close to unity
(0.6–1.1), suggesting a relatively uniform sampling suc-
cess. The only exception to this trend occurred with

E. superba in the pack ice where a single, dispropor-
tionately large catch resulted in a median/mean ratio
value of 0.05 for the 0–1,000 m layer. Mean catch den-
sities for all the three MIZ areas ranged from 0.001–
0.017 individuals m�3 for E. superba and from 0.004–
0.017 individuals m�3 for T. macrura.

Comparisons between the MIZ areas

Integrated abundance and biomass values for the 24
species present in two or more MIZ areas were com-
pared. Only those species exhibiting changes are shown
(Table 4). Among crustaceans, Cyllopus lucasii and V.
stebbingi were significantly more abundant in the open
water. However, biomass was significantly higher only
for V. stebbingi. In contrast, the gammarid amphipod
Eusirus antarcticus and larval N. lanceopes were more
abundant in the pack ice. E. superba showed a very
significant (P<0.01) increase in both abundance and
biomass moving from pack ice to ice edge to open water
only in the 0–200 m layer. Over the 0–1,000 m layer, the
trend was similar but differences were not significant

Fig. 4 Contour plots of (A) chlorophyll- a (lg l�1) and (B)sigma-t (kg m�3) in the 0–200 m layer during the initial north–south rapid transect.
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primarily due to increased variability in the pack ice
area.

Among the fishes, B. antarcticus showed a trend of
increased abundance and biomass at the ice edge. C.
microdon, E. antarctica, G. braueri and G. opisthopterus
all had conspicuously lower occurrences in the pack ice
area. None of the four species were collected in tows
shallower than 200 m, although seven of the 35 E. ant-
arctica caught under the ice came from a 0–290 m tow.
Only two C. microdon, one G. braueri,and one G. op-
isthopterus were caught in deep tows under the ice,
resulting in significantly lower integrated abundance and
biomass for all three species in the pack ice area com-
pared to the ice edge or open water. E. antarctica
showed a marginally significant (P=0.052) trend of
lower abundance under the ice but no significant dif-
ference in biomass. Neither C. microdon nor the three
myctophid species showed any significant changes in
abundance or biomass between the ice edge and open
water. Notolepis coatsi was the only fish species to have
higher abundance and biomass in the 0–200 m layer in
the pack ice area. Over the 0–1,000 m layer, higher
abundance in the pack ice was marginally non-signifi-
cant (P=0.053) and differences in biomass were not
significant.

Among gelatinous species, C. borchgrevinki showed
a marginally non-significant (P=0.058) trend of
increasing abundance from pack ice to edge to open
water in the 0–200 m layer, but no change in biomass.
For S. thompsoni, both abundance and biomass were
significantly lower in the pack ice than at the ice edge
and in open water. This pattern was also exhibited in
the 0–200 m layer but differences were not significant
due to the high variability in catches from open water.
For the polychaete Tomopteris carpenteri, both abun-
dance and biomass were significantly higher in the
open water.

Size frequencies of Cyllopus lucasii, V. stebbingi, E.
superba, T. macrura, E. antarctica, and C. borchgrevinki
were tabulated for the different MIZ areas (Table 5).
Mean and median SL of C. lucasii were significantly
lower in the open water in both the 0–200 and 0–1,000 m
layers. For E. superba in the 0–200 m layer, mean and
median SL were significantly higher at the ice edge than
in the pack ice or open water. In the 0–1,000 m layer,
mean and median values showed a significant increase
moving from pack ice to ice edge to open water. In both
depth layers, C. borchgrevinki mean and median sphere
diameter decreased significantly from pack ice to ice
edge to open water. No significant changes in size fre-

Table 4 Comparison of integrated abundance and biomass between MIZ areas. Significant differences between open water (O), ice edge (E), and
pack ice (I) shown when P<0.05. Differences shown in parentheses when 0.05< P<0.10

Variable # m�2 mgWM m�2 mgDM m�2

Species Test Statistic P Change Test Statistic P Change Test Statistic P Change

0–200 m (10 tows)
Amphipods
V. stebbingi KW H(6)=3.53 0.060 (O>E) KW H=1.99 0.160 KW H=1.99 0.160
Decapods
N. lanceopes ANOVA F(35)=3.52 0.088 (I>E,O) ANOVA F=2.86 0.124 ANOVA F=2.86 0.124
Euphausiids
E. superba ANOVA F(10)=29.77 0.0004 O>E>I ANOVA F=16.32 0.002 O>E>I ANOVA F=15.58 0.003 O>E>I
Fish
E. antarctica KW H=5.34 0.069 (O,E>I) KW H=5.34 0.069 (O,E>I) KW H=5.34 0.069 (O,E>I)
N. coatsi ANOVA F=6.72 0.024 I>E,O KW H=7.46 0.024 I>E,O KW H=7.46 0.024 I>E,O
Medusae & Salps
C. borchgrevinki ANOVA F=4.38 0.058 (O>E>I) ANOVA F=0.19 0.831 ANOVA F=0.19 0.831
0–1,000 m (35 tows)
Amphipods
C. lucasii KW H=6.60 0.037 O>E,I ANOVA F=1.59 0.220 ANOVA F=1.90 0.166
E. antarcticus KW H=4.63 0.099 (I>E,O) KW H=5.00 0.082 (I>E,O) KW H=5.00 0.082 (I>E,O)
V. stebbingi KW H=5.49 0.019 O>E KW H=4.12 0.042 O>E KW H=4.12 0.042 O>E
Decapods
N. lanceopes ANOVA F=3.36 0.047 I>E,O ANOVA F=1.84 0.175 ANOVA F=1.84 0.175
Fish
B. antarcticus ANOVA F=1.86 0.173 KW H=5.09 0.078 (E>I,O) KW H=4.52 0.105 (E>I,O)
C. microdon KW H=12.40 0.002 O,E>I KW H=11.17 0.004 O,E>I KW H=11.17 0.004 O,E>I
E. antarctica ANOVA F=3.24 0.052 (O,E>I) ANOVA F=2.11 0.137 ANOVA F=1.39 0..263
G. braueri KW H=10.95 0.004 O,E>I KW H=10.27 0.006 O,E>I KW H=9.98 0.007 O,E>I
G.opisthopterus KW H=7.29 0.026 O,E>I KW H=5.50 0.064 (O,E>I) KW H=5.50 0.064 (O,E>I)
N. coatsi KW H=5.87 0.053 (I>E,O) KW H=1.67 0.433 KW H=1.72 0.424
Medusae & Salps
S. thompsoni KW H=13.66 0.001 O,E>I KW H=13.54 0.001 O,E>I KW H=13.54 0.001 O,E>I
Other
T. carpenteri KW H=17.69 0.0001 O>E,I KW H=15.58 0.0001 O>E,I KW H=15.58 0.0001 O>E,I
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quency of V. stebbingi, T. macrura, and E. antarctica
were observed.

Discussion

Hydrographic considerations

The marginally recognizable hydrographic signature of
WSC water and the consistently low chlorophyll levels at
the open-water stations at both the beginning and end of
the cruise suggest that the local phytoplankton bloom
was not the result of allochthonous input from warmer
water to the north. Furthermore, the presence of
Themisto gaudichaudii, E. triacantha, C. kobayashii, G.
nicholsi, and P. bolini at the open water stations was not
unexpected and does not reflect a significant water mass
change. These species all occur south of the WSC in
Weddell Sea water even though their maximum distri-
butions are centered around the Polar Front region
(Gon and Heemstra 1990; Kirkwood 1982; McGinnis
1982; Miya 1994; Nemoto and Yoo 1970). More telling
from an assemblage point of view was the complete
absence of E. carlsbergi, G. bolini, and Krefftichthys

anderssoni, common warm water species that do not
occur in Weddell Sea water (Gon and Heemstra 1990;
McGinnis 1982).

Since both the physical and biological characteristics
of the study area indicated a predominantly Weddell Sea
water influence, we considered any observed differences
in the species’ abundance among the MIZ areas to be
primarily related to the dynamics of the ice-edge bloom
and not due to sampling different water masses.

General abundance and biomass

The micronekton/macrozooplankton assemblage exam-
ined in this study is a typical Antarctic pelagic com-
munity (Lancraft et al. 1989, 1991). Total integrated
abundance and biomass values over the upper 200 m in
the open water are similar to those reported by Lancraft
et al. (1989) for the spring 1983 AMERIEZ cruise (�20
individuals m�2, �1,000 mgDM m�2). Over the 0–
1,000 m layer, however, their numbers were much higher
primarily due to considerably larger catches of S.
thompsoni. Piatkowski et al. (1994) also found a pre-
dominance of salps in the open waters of the Scotia Sea,

Table 5 Standard length values for selected micronekton from the three MIZ areas

Species MIZ

area Depth (m) n Mean (sd) Minimum Maximum Median

C. lucasii Pack ice 0–200 6 18.1 (2.6) 14.5 22.0 18.5
0–1,000 19 17.9 (1.7) 14.5 22.0 18.0

Ice edge 0–200 3 18.0 (1.0) 17.0 19.0 18.0
0–1,000 16 17.7 (2.5) 10.0 20.0 18.0

Open water 0–200 40 11.8 (3.9) 6.5 21.0 10.5
0–1,000 86 12.5 (3.2) 6.5 21.0 12.0

V. stebbingi Ice edge 0–200 5 11.2 (1.0) 10.0 12.2 11.5
0–1,000 50 10.6 (1.6) 6.0 13.0 10.8

Open water 0–200 43 10.9 (1.7) 8.0 13.5 12.0
0–1,000 98 11.3 (1.5) 8.0 14.0 11.5

E. superba Pack ice 0–200 24 29.4 (10.8) 15.0 45.0 26.5
0–1,000 370 36.2 (7.6) 15.0 53.0 36.0

Ice edge 0–200 472 41.3 (14.1) 13.0 57.0 50.0
0–1,000 2337 40.0 (13.9) 13.0 60.0 46.0

Open water 0–200 518 31.8 (14.8) 12.0 60.0 25.5
0–1,000 1787 42.9 (14.0) 12.0 60.0 50.0

T. macrura Pack ice 0–200 392 17.0 (4.1) 8.0 29.0 18.0
0–1,000 1418 17.3 (4.6) 7.0 30.0 16.0

Ice edge 0–200 336 16.6 (2.9) 8.0 28.0 16.0
0–1,000 1994 17.7 (3.9) 8.0 30.0 18.0

Open water 0–200 624 16.7 (3.5) 10.0 27.0 15.0
0–1,000 1313 17.3 (3.8) 10.0 30.0 17.0

E. antarctica Pack ice 0–200 0 0 0 0 0
0–1,000 35 61.4 (18.9) 30.0 101.0 57.0

Ice edge 0–200 27 66.0 (12.3) 49.0 94.0 65.0
0–1,000 155 64.0 (15.5) 7.5 102.0 63.0

Open water 0–200 18 62.1 (22.7) 10.0 98.0 59.0
0–1,000 73 63.2 (14.1) 10.0 98.0 62.0

C. borchgrevinki Pack ice 0–200 4 21.5 (1.7) 20.0 24.0 21.0
0–1,000 48 20.4 (2.5) 16.0 30.0 20.0

Ice edge 0–200 15 18.0 (3.7) 8.0 23.0 19.0
0–1,000 79 18.3 (3.4) 8.0 25.0 19.0

Open water 0–200 11 14.7 (2.0) 13.0 20.0 15.0
0–1,000 22 17.4 (3.2) 13.0 24.0 18.0
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as well as a micronekton assemblage exhibiting a greater
contribution from sub-Antarctic species.

Abundance and biomass totals for mesopelagic fishes
in the open water area are also similar to that reported
by Lancraft et al. (1989). High percentage contributions
from B. antarcticus, E. antarctica, G. braueri and G.
opisthopterus, especially in the 200–1,000 m layer, sup-
port their statement on the importance of this faunal
component to the total pelagic biomass.

Our values from the pack ice area for the 0–1,000 m
layer are considerably lower than those reported by
Lancraft et al. (1991) for the ice-covered Scotia Sea in
winter. Most notably, their samples contained larger
collections of E. superba, mesopelagic fishes, and coelen-
terates. However, this difference could simply reflect a
greater sampling effort under the ice aswell as an influence
of the WSC. The low fish abundances in shallow net tows
from the present study as well as in those conducted by
Kaufmann et al. (1995) support the finding of Lancraft
et al.(1991) that peak abundances for mesopelagic fishes
under the ice are well below the near-freezing surface
water layer. The primary exception was juveniles of N.
coatsi, which are common in shallow under-ice tows.Data
from Kaufmann et al. (1995) also suggested that non-
juvenile specimens of E. antarctica and G. brauerimay be
underestimated in shallow net tows under the ice. These
species were the proposed sources for large acoustic tar-
gets recorded shallower than 100 m.

The numerical importance of T. macrura and chae-
tognaths under the pack ice was not unexpected and has
been reported in previous studies (Fisher et al. 2004;
Kaufmann et al. 1995; Siegel et al. 1992; Stepien 1982).
E. superba is most prevalent in the upper 100 m while T.
macrura and chaetognaths have deeper peak abundances
(Hopkins and Torres 1988; Lancraft et al. 1989, 1991;
Marr 1962). Several studies focusing on the upper 50 or
100 m water column in the northern Weddell Sea during
the spring and summer have reported E. superba to be
the dominant euphausiid in the under-ice assemblage
(Daly and Macaulay 1988; Kaufmann et al. 1995; Siegel
et al. 1992; Sprong and Schalk 1992). In a winter study
integrating the 0–200 m water column under the ice,
Lancraft et al. (1991) also found E. superba to be
exceedingly dominant. In contrast, a net-based study
integrating the upper 200 and 500 m layers in the Laz-
arev Sea during late winter–early spring (Stepien 1982)
found T. macrura to be the most abundant euphausiid
under the ice. A more recent net-based study (Fisher
et al. 2004) in the northwest Weddell Sea during Sep-
tember–October that sampled much shallower (0–50 and
50–100 m) also found T. macrura to be more abundant
than E. superba under the ice.

The patchy nature of the pelagic environment com-
plicates the study of distribution and abundance pat-
terns, but it is of particular importance for
understanding the distribution of species such as E.
superba that form large, dense swarms. T. macrura is
more uniformly distributed but concentrated aggrega-
tions have also been reported for this species (Daly and

Macaulay 1988). Daly and Macaulay (1988) also noted
that large fluctuations in krill density (up to 45-fold) can
occur over a short-time period (30–60 min). The low
maximum and mean catch densities encountered in the
present study for both E. superba and T. macrura were
indicative of ‘‘background’’ or dispersed abundance
levels (Daly and Macaulay 1988; Nast 1982), rather than
those expected within a swarm.

Distribution across the marginal ice zone

Of the 24 species examined for distributional patterns
across the MIZ, 12 exhibited differences in abundance
and/or biomass between one or more areas. Patterns for
ten of the 12 species can be related either directly or
indirectly to the dynamics of the ice edge and the spring
bloom. E. superba and S. thompsoni, the two most
abundant species at the ice edge and in the open water,
have direct trophic connections to the bloom, with each
responding to elevated phytoplankton production via
different means. The increased occurrence of E. superba
from pack ice to open water reflects their seasonal
transition from an under-ice habitat in the winter to one
of open water in the spring/summer (Daly and Macau-
lay 1988, 1991; Macintosh 1972; Siegel 1988; Sprong and
Schalk 1992). Observed changes in size class between the
different MIZ areas are also consistent with the scenario
of a maturing E. superba population moving from under
the ice to take advantage of an increasing pelagic food
supply (Daly and Macaulay 1991; Sprong and Schalk
1992). In contrast, large numbers of S. thompsoni at the
ice edge and in the open water are not likely to be the
result of horizontal redistribution so much as a rapid
population increase through asexual reproduction. Salps
are highly efficient particle feeders that are able to
quickly respond to favorable changes in food supply
(Perissinotto and Pakhomov 1998). The near absence of
S. thompsoni under the ice is consistent with findings
from previous studies (Fisher et al. 2004; Siegel et al.
1992) and is a consequence of not only the reduced food
supply but lower water temperatures as well (Foxton
1966; Mackintosh 1934; Piatkowski 1985).

Tomopteris carpenteri is linked trophically to the ice-
edge bloom as it feeds on phytoplankton, either di-
rectly or secondarily through the ingestion of S.
thompsoni (Hopkins 1985). Piatkowski (1989), however,
found that T. carpenteri occurrence was notably re-
duced in cold Weddell Sea water so hydrographic
conditions under the ice may be a factor in the distri-
bution of this species. Diet analysis has not been re-
ported for the hydromedusa C. borchgrevinki.
However, this species is likely to be a small-zooplank-
ton grazer and as such, would benefit from higher prey
biomass seaward of the ice edge. The higher number of
small C. borchgrevinki individuals in the epipelagic
layer of the open water relative to the ice edge and
pack ice areas suggests distributional response to im-
proved trophic conditions.
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The observed trends in V. stebbingi distribution
were directly related to S. thompsoni abundance, the
close association of Vibilia spp. with salps being well
documented (Harbison et al. 1977; Madin and Harb-
ison 1977; Vinogradov 1966). The distribution pattern
of C. lucasii is also most likely to be linked to salp
abundance, even though a direct association between
C. lucasii and a particular gelatinous host has not
been reported as yet. C. lucasii may have a lifestyle
similar to that of T. gaudichaudii: generally free-living
as an adult but associated with gelatinous hosts as a
juvenile (Sheader and Evans 1975; Madin and Harbi-
son 1977). The higher number of small C. lucasii
individuals in the open water where salp densities were
highest is consistent with this scenario. A larger per-
centage of small individuals in the open water also
explains the observed lack of significant difference in
C. lucasii biomass with its increased abundance.

The fact that T. macrura did not increase in abun-
dance at the ice edge or in the open water suggests that
its life history is not tied to the spring bloom in the same
way that E. superba’s is. T. macrura has a widespread
and uniform distribution (Brinton 1985; Nordhausen
1994) and is omnivorous throughout the year (Hopkins
1985, 1987, Hopkins and Torres 1989; Mayzaud et al.
1985). Consequently, T. macrura is not as energetically
dependent on the seasonal phytoplankton bloom as is E.
superba. The absence of discernible trends in distribution
for the amphipods C. richardi and P. macropa, the
decapods G. kempi and P. scotiae, the scyphomedusae
Atolla wyvilli and P. periphylla, the squid G. glacialis,
and the chaetognaths also implies a trophic indepen-
dence from the bloom. The majority of these species are
deeper living carnivores and are less common members
of the mesopelagic assemblage.

The higher occurrences of E. antarcticus and N.
lanceopes in the pack ice area were a consequence of
habitat preference and were not likely to be related to
the ice-edge bloom. E. antarcticus is cryopelagic and is
commonly collected by scuba divers from interstitial
spaces beneath the pack ice where it feeds on euphausiid
larvae (Hopkins and Torres 1988, 1989). Larval N.
lanceopes occur primarily in epipelagic waters (Lancraft
et al. 1989) and feed on phytoplankton and protozoans
(Hopkins and Torres 1989), likely utilizing the underside
of the pack ice as both a refuge and a more concentrated
source of food, an association similar to that seen in
larval krill (Daly 1990; Daly and Macaulay 1991;
Bergström et al. 1990). The higher number of N. coatsi
in the pack ice area may also reflect a greater affinity to
the under-ice environment during larval and early
juvenile periods. However, more data on specimen
length and depth of capture is needed. Catch records
from previous studies show N. coatsi to have a wide
depth distribution (Lancraft et al. 1989, 1991; Piat-
kowski et al. 1994; White and Piatkowski 1993) but data
on specimen lengths are lacking. In the present study, N.
coatsi specimens ranged from 10 to 107 mm SL with
smaller individuals more prevalent in shallow tows

(median SL [0–200 m tows] �25–30 mm; [0–1,000 m
tows] �35–50 mm).

The reduced occurrences of B. antarcticus, C. micr-
odon, E. antarctica, G. braueri and G. opisthopterus un-
der the ice imply distributional responses to changing
conditions within the marginal ice zone. All five species
are metazoan plankivores, with B. antarcticus and C.
microdon primarily taking small-sized copepods (e.g.,
Metridia, cyclopoids). The myctophid species also feed
heavily on krill (Hopkins 1985; Hopkins and Torres
1989; Pusch et al. 2004). Data on zooplankton collected
during the same time as this micronekton study indi-
cated that abundance of the dominant species was
highest in the open water with early copepodite stages
dominating in all stations seaward of the pack ice
(Burghart 1999). Together with the greater krill abun-
dance observed in our data set, it means that feeding
conditions for mesopelagic fishes would be clearly better
out from under the ice. Four of the five fish species
vertically migrate (Lancraft et al. 1989; Torres and
Somero 1988) and as a consequence, would encounter
maximal prey densities in the epipelagic waters seaward
of the ice. Furthermore, the fact that C. microdon, a non-
migrating species, was also less abundant under the ice
suggests that trophic repercussions of the ice-edge bloom
can extend well below the epipelagic layer.
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