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Figure 4.2b. Percent composition of copepods at coastal stations in Marguerite Bay
during austral fall 2001 (top) and 2002 (bottom). Color legend as in Figure 4.2a.
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The overall geometric mean abundance of total euphausiids was very similar
during both years: 66.3 and 66.8 ind m™ in 2001 and 2002, respectively (Mann Whitney
U; p=1.00) (Fig. 4.3a). Although abundances were variable within sampling locations
and over the study area, distribution patterns were consistent between years. Northern
areas, such as Laubeuf Fjord and Crystal Sound, consistently had the highest integrated
total euphausiid abundances. The southern sectors, including Neny Fjord, inner
Marguerite Bay and near Alexander Island, had relatively lower euphausiid abundances
during both years. George VI Sound and Lazarev Bay were only sampled during 2001
and had the lowest abundances of all areas surveyed.

Despite the similarity in total euphausiid abundance and distribution between
years, there were significant interannual differences in species percent composition (Fig.
4.3b). T. macrura was the most abundant species during 2001 with a geometric mean
abundance of 45.9 ind m™, whereas E. crystallorophias had overall low abundances (2.78
ind m?), and E. superba had intermediate values (6.22 ind m™). During fall 2002,
abundances were similar among species, with E. crystallorophias having the highest
mean value (18.5 ind m™), followed by T. macrura (16.2 ind m™?), and finally E. superba
with the lowest abundance (14.8 ind m™). Interannual differences in abundances of T.
macrura (Mann Whitney U; p = 0.020) and E. crystallorophias (Mann Whitney U; p =
0.004) were significant, whereas values for E. superba were not significantly different

between years (Mann Whitney U; p = 0.200).
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Figure 4.3a. Water column integrated abundances of euphausiids (ind m™) from net hauls
in the vicinity of Marguerite Bay during austral fall 2001 (top) and 2002 (bottom).

79



100% - ]

80%

60% -

40% -

Al

Q,fﬁ

0% - ! \

3

¥ ?%0;? OX%QS::?XO‘ 62; Qgﬂ: égﬁ \%0 %oﬁc»,o\)‘:
NN RN RN W

A S R A

100%

80%

60%

40%

20%

0%

A 3 d
g 0“ W W‘ SN

% \ S ‘5\6
"o e o v@“ O

I s Y fz& o

KOs %\) %\) g\g\

Figure 4.3b. Percent composition of euphausiids from net hauls in the vicinity of
Marguerite Bay during austral fall 2001 (top) and 2002 (bottom). Color legend as in
Figure 4.3a.
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Even though abundances of E. superba were comparable between years, there
were key interannual differences in developmental stage composition (Fig. 4.4). During
2001, non-larval E. superba were almost exclusively adult males and females and
juveniles were essentially absent. Only a few year-two juveniles, 34 mm total length
(TL), were observed at one station in Laubeuf Fjord (0.08 ind m™). Overall, juveniles
accounted for only ~ 2% of the postlarval E. superba densities in 2001. In contrast, year-
one juveniles were abundant and constituted ~ 41% of the populations in 2002,
suggesting a successful recruitment from 2001 larvae. Postlarval T. macrura were mostly
juveniles 8 - 10 mm TL during 2001 and 2002 (Fig. 4.5). Juveniles comprised 91% of
individuals in fall 2001, and ~ 69% in 2002, when the remaining 31% were adults
ranging primarily between 16 - 20 mm TL. During 2001, E. crystallorophias juveniles
(10 - 18 mm TL) comprised 11% of the population, while the remaining fraction (89%)
included adults 20 - 36 mm TL (mode: 29 mm TL) (Fig. 4.6). In 2002, juveniles were a
larger fraction of the population (28%), while the adults had a bimodal distribution, with
a larger mode at 20 mm TL, and lower proportions of larger individuals between 29 - 33
mm TL. Even though the percent composition of postlarval E. crystallorophias was
comparable between years, larval abundances showed marked interannual differences,
with higher values in 2001 throughout the study area. Maximum abundances in 2001
were 829 ind m™ in Neny Fjord, whereas the highest values recorded in 2002 were ~ 18
ind m? in northern Laubeuf F jord (data not shown).

In addition to copepods and euphausiids, other dominant zooplankton groups
included ostracods, pteropods, polychaetes, chaetognaths, appendicularians, amphipods,

and mysids (Fig. 4.7a and b). Ostracods and pteropods were numerically dominant
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during both years and showed no significant interannual differences (Mann Whitney U
test, p = 1.00 for ostracods, p = 0.805 for pteropods). Appendicularians were more
abundant during 2002 (geometric mean = 1447 ind m™) although their distribution was
very patchy and they were present in only four net hauls. During 2001, they were present
at three locations, but in very low abundances. Polychaetes and chaetognaths were
relatively abundant during 2001, but had lower densities in 2002. Abundances for
amphipods and mysids were not significantly different between years (Mann Whitney U
test, p = 0.32 for amphipods, p = 0.204 for mysids). Gelatinous zooplankton were
generally rare. Siphonophores could not be numerically quantified due to the presence of
only fragments of colonies in the samples; however, fragments were classified as “few”
or “numerous” and were frequent throughout the water column at most locations during
both years, particularly in the upper 300 m.

Laubeuf Fjord had the highest abundances of these groups of zooplankton,
followed by the areas in the vicinity of Alexander Island and Neny Fjord/inner
Marguerite Bay (Sta. 6) during both years (Fig. 4.7a). In 2001, abundances were lowest
in Bourgeois Fjord, one station in southern George VI Sound, and Lazarev Bay, while
during the following fall, densities were lowest in Crystal Sound and south of Adelaide
Island. In terms of percent composition, during 2001 ostracods, pteropods and
polychaetes dominated at all stations except in Lazarev Bay. At this location, these
groups were scarce or absent, and the community was composed primarily of medusae,
chaetognaths, and salps (Fig. 4.7b). Although ostracods dominated the zooplankton
numerically at most locations in 2001, their percent contribution varied among stations.

Their contribution was maximum in Crystal Sound, Laubeuf Fjord, and George VI
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Sound, and minimum in the vicinity of Alexander Island and Lazarev Bay. In 2002,
ostracods again dominated numerically at most locations, but were only a minor fraction
of zooplankton in some net hauls in Laubeuf Fjord, Adelaide Island, and Marguerite

Trough, where appendicularians were most important.
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Figure 4.4. Length-frequency of E. superba juveniles and adults during fall 2001 (top)

and 2002 (bottom). Data represent all coastal net hauls for each year. Only juveniles > 20
mm are included.
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Figure 4.5. Length-frequency of T. macrura juveniles and adults during fall 2001 (top)

and 2002

(bottom). Data represent all coastal net hauls for each year.
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Figure 4.6. Length-frequency of E. crystallorophias juveniles and adults during fall 2001
(top) and 2002 (bottom). Data represent all coastal net hauls for each year.
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Figure 4.7a. Water column integrated abundances of zooplankton other than copepods
and euphausiids (ind m™) from net hauls in the vicinity of Marguerite Bay during austral
fall 2001 (top) and 2002 (bottom).
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Figure 4.7b. Percent composition of zooplankton other than copepods and euphausiids
from net hauls in the vicinity of Marguerite Bay during austral fall 2001 (top) and 2002
(bottom). Color legend as in Figure 4.5a.
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Vertical Distribution

Overall, the mean depth of maximum abundance for all copepods was
significantly deeper in the water column during May - June 2001, than in April - May
2002 (2001: 252 m; 2002: 75 m; Student’s t-Test; p < 0.001) (Fig. 4.8). Looking at
individual species, only depths of Paraeuchaeta spp., Oithona spp., and R. gigas were
significantly different between years (ANOVA, p < 0.05), although other species such as
M. gerlachei, Oncaea spp., and S. minor also had somewhat shallower distributions in
2002. Copepod species occurred within three depth ranges: shallow (0 - 100 m),
intermediate (100 - 150 m), and deep (> 150 m) water groups (Table 4.3). In 2001,
shallow species included Ctenocalanus spp. and C. propinquus, while Oithona spp., S.
minor, Paraeuchaeta spp., M. gerlachei, C. acutus, G. tenuispinus and Oncaea spp. were
identified as deep species. Only R. gigas was intermediate during the first year. In
contrast, Oithona spp., R. gigas, and Paraeuchaeta spp. were grouped as shallow species
during 2002, while M. gerlachei and S. minor were intermediate. Oncaea spp., C. acutus,
and G. tenuispinus remained deep species during fall 2002.

The vertical distributions of euphausiids were similar within and between years
(Table 4.4) and geometric mean depths of maximum abundance for all species were in
the upper 100 m (65 - 84 m). Mysids were distributed the deepest during 2001 (249 m)
and 2002 (224 m), while amphipods were located at intermediate depths in 2001 (125 m)
and represented the shallowest group during 2002 (55 m). The depths of maximum
abundance for E. superba, E. crystallorophias, and T. macrura were not significantly
different within or between years (Kruskall-Wallis ANOVA; p =0.882 in 2001, and p =

0.873 in 2002). However, even though their general depth ranges overlapped throughout
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Table 4.3. Mean depth of maximum abundance (Z, m) of copepods in 2001 and 2002. Species in bold indicate those that
were classified in the same depth category during both years. The range represents the shallowest and deepest depth (m)
at which each species was present. Depth categories were based on the general hydrography of the area. At most net
hauls, the upper mixed layer ranged between 0 - ~100 m, with a thermocline/pycnocline generally between ~100 - 150
m, and warmer saltier water below ~150 m

Fall 2001
Shallow Z Range Intermediate Z Range Deep Z Range
Ctenocalanus spp. 51 0-500 R.gigas 147  0-800 Oithona spp. 162 0-525
C. propinquus 80 0-525 S. minor 184  0-350
Paraeuchaeta spp. 201  0-800
M. gerlachei 213 0-800
C. acutus 213 0-800
G. tenuispinus 249  0-800
Oncaea spp. 348  0-800

Fall 2002
Shallow Z Range Intermediate Z Range Deep Z Range
Ctenocalanus spp. 39 0-500 M. gerlachei 142  0-500 C.acutus 226  0-500
Oithona spp. 63 0-500 S.minor 149 100 -200 G. tenuispinus 230  0-500
C. propinquus 71 0 -460 Oncaea spp. 243 0-500

R. gigas 77 0-200
Paraeuchaetaspp. 100 0-500
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Figure 4.8. Mean depth of maximum abundance (m) of copepods during 2001 (black) and
2002 (grey). Values represent the arithmetic mean of the depth of maximum abundance
of a species for all net hauls. Vertical bars represent 1 standard deviation. Dotted
horizontal lines represent the limits of the 0 - 100, 100 - 150, and > 150 m depth ranges.
the study area, the depths of maximum abundance of species usually did not overlap at
any given location (Fig. 4.8). For example in Crystal Sound during 2001, the maximum
abundances of E. superba occurred at 50 m, while T. macrura primarily occurred at 100
m (Fig. 4.9a). In 2002, the depth of maximum abundance for E. superba was 150 m, E.
crystallorophias was primarily found at 50 m, and T. macrura was at 75 m. In Laubeuf
Fjord, E. superba and T. macrura had peaks at 100 m in 2001, while E. crystallorophias

was observed at 50 m, and a second mode for T. macrura occurred at 400 - 500 m (Fig.

4.9b). In 2002, E. superba had peaks of maximum abundance at 75 m and 150 m, while
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E. crystallorophias occurred primarily at 100 m. In the vicinity of Alexander Island
during fall 2001, E. superba could be found mostly at 50 m, while T. macrura was
mainly at 100 m (Fig. 4.9¢). Finally, south of Adelaide Island, elevated abundances of E.
superba were located at shallow depths in 2002 (0 - 100 m, maximum at 50 m), while T.
macrura showed a smaller peak at 150 m, and E. crystallorophias was not present in
significant numbers.

The geometric mean depths of maximum abundances of all euphausiid species
ranged between 65 - 73 m in 2001, while the majority of copepods were located at 252 m
during the same year. Looking at individual net hauls for 2001, the maximum
abundances of both groups did not overlap at almost any location, with the bulk of the
copepod community located consistently deeper than the mode of the euphausiids
(Appendix 1). On the other hand, during 2002, euphausiids were observed at similar
depths as the previous fall, with maximum abundances between 70 - 84 m (Table 4.4),

while copepods were significantly shallower than in 2001, mostly at 75 m (Appendix 2).

Table 4.4. Mean depth of maximum abundance (m) of euphausiids, amphipods, and
mysids during fall 2001 and 2002. Data include all coastal stations for each cruise.
Values represent the geometric mean depth of maximum abundance of each group for all
net hauls during each year (n = 12). The range (m) represents the range of depths in the
water column that were occupied by each taxon

Fall 2001 Fall 2002
Depth (m) Range Depth (m) Range
E. crystallorophias 65 0 -500 70 0 -500
E. superba 73 0-500 78 0-500
T. macrura 68 0-800 84 0-500
Amphipods 125 0-800 55 0-500
Mysids 249 0-500 224 0-500
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Figure 4.9a. Vertical distribution of euphausiids, amphipods, and mysids (ind m™) in
Crystal Sound during austral fall 2001 (top) and 2002 (bottom).
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Figure 4.9b. Vertical distribution of euphausiids, amphipods, and mysids (ind m™) in
Laubeuf Fjord during austral fall 2001 (top) and 2002 (bottom).
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Figure 4.9¢. Vertical distribution of euphausiids, amphipods, and mysids (ind m™) in the
vicinity of Alexander Island during austral fall 2001 (top) and south of Adelaide Island in
fall 2002 (bottom).
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Horizontal Distribution

The horizontal distribution of zooplankton varied within the study area. In
general, in areas where euphausiids, amphipods, and mysids (i.e. macrozooplankton)
were abundant, copepod densities were low, and vice versa (Fig. 4.10a).
Macrozooplankton were most abundant in northern sectors, whereas copepod abundances
were highest in southern sectors, such as inner Marguerite Bay, the vicinity of Alexander
Island, George VI Sound and Lazarev Bay (Fig. 4.10b). Exceptions to this pattern were
observed in fall 2001 in northern Laubeuf Fjord, where copepods and macrozooplankton
were highly abundant, in Bourgeois Fjord, where all zooplankton were scarce, and south

of Adelaide Island in 2002, where copepod and macrozooplankton abundances were low.

10°

104 4

Copepods

103 T
10! 102 103

Macrozooplankton

Figure. 4.10a. Linear correlation between integrated abundances (ind m™) of total
macrozooplankton (euphausids, amphipods, and mysids) and copepods at different
stations during fall 2001 and 2002 (n = 12; r =-0.39; p = 0.208). When multiple net hauls
were sampled, values represent the mean. Plot includes data for stations in Crystal Sound
(Sta. 7), Laubeuf and Bourgeois fjords (Sta. 5), Neny Fjord/inner Marguerite Bay (Sta.
6), Marguerite Trough (Sta. 2), S. Adelaide Island (Avian Is.), Alexander Island (Sta. 4a),
George VI Sound (Sta. 4b), and Lazarev Bay (Sta. 3). Data for Laubeuf Fjord in 2001
were excluded (outlier).
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Figure 4.10b. Mean water column integrated abundance (ind m™) of macrozooplankton
(euphausiids, amphipods, and mysids) (grey bars, left axis) and copepods (black circles,
right axis) at different stations within Marguerite Bay during fall 2001 (top) and 2002
(bottom).

97



Fall Environmental Parameters

The environmental parameters investigated here were chosen based on their
potential influence on zooplankton distributions: vertically integrated pigment
concentrations (chlorophyll + phacopigment, mg m™), surface salinity, and bottom depth.
Integrated pigment represents food availability, while surface salinity is an indicator of
sea ice formation and melting, and the presence of glacial meltwater nearshore, which
affects the type of phytoplankton present in the water column. Relationships between
zooplankton and bottom depth potentially indicate concentration of organisms nearshore
or in association with Marguerite Trough, or deep shelf depressions. Fall integrated
pigment concentrations in Marguerite Bay ranged between 9.6 - 33 mg m™ in 2001, and
72.4 - 236 mg m™ in 2002. Maximum pigment concentrations were located in Laubeuf
Fjord during both years, while lowest values were observed in the in George VI Sound
during fall 2001, in Crystal Sound during fall 2002, as well as in the vicinity of
Alexander Island during both years. Even though pigment concentrations were lowest in
Crystal Sound during 2002, values were more than double those observed in the same
area during the previous year. Surface salinity values were similar between years and
ranged between 33.04 - and 33.55. The shallowest stations had bottom depths of ~ 300 -
400 m and were located near the coast of Alexander Island, the northern edge of
Marguerite Trough in central Marguerite Bay, southern Adelaide Island, and inner
Marguerite Bay, while the deepest areas, with bottom depths > 800 m, were in northern
George VI Sound, Lazarev Bay, and a location in the vicinity of Alexander Island.

Overall, there were no clear associations between the horizontal distribution of

zooplankton (ind m™) and concurrent environmental variables, including vertically
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integrated pigment concentrations (chlorophyll + phacopigment, mg m™), surface
salinity, and bottom depth (Table 4.5). In general, only a few copepods showed a
significant correlation with environmental variables. During 2001, Ctenocalanus spp.
showed a positive correlation with pigment concentrations, Oithona spp. showed a
negative relationship, and G. tenuispinus was positively correlated with bottom depth.
During fall 2002, Paraeuchaeta spp. showed a positive correlation with pigment
concentrations, while C. acutus and Oncaea spp. were positively correlated with bottom
depth. Only two other zooplankton taxa showed significant relationships with pigment
concentrations: T. macrura in 2001 and mysids in 2002. Only two groups, E. superba and
the copepod R. gigas, showed significant relationships with surface salinity, and these
were only observed during 2002. Of the 138 relationships examined between
zooplankton abundance and environmental variables, 11 were significant, which is only
slightly higher than the number that would be expected with 95% confidence if all
relationships were statistically insignificant (i.e., seven).

At many locations there was a negative trend between the vertical distribution of
macrozooplankton (i.e., euphausiids, amphipods, and mysids) and gradients in
temperature, salinity, and density (examples in Appendix 3). E. superba was located
either above or below the thermocline/pycnocline in 92% of the net hauls in which the
species was present, while corresponding values for E. crystallorophias and T. macrura
were 77% and 60% respectively (Table 4.6). However, euphasuiids coincided with
physical gradients at 8 - 23% of the locations sampled (examples in Appendix 4). Most
amphipods and mysids were located primarily deeper than the thermocline/pycnocline,

with only smaller fractions present at the depth of the temperature/density gradient. In
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general, no patterns were observed in the vertical distribution of zooplankton in relation

to fall pigment concentrations.

Table 4.5. Spearman rank order correlations between integrated abundance of
zooplankton (ind m™) and vertically integrated pigment concentrations (chlorophyll
+ phaeopigment; mg m™), salinity at 10 m (S)), and bottom depth (bottom Z).
Significant correlations (p < 0.05) are in bold

Fall 2001 Fall 2002
Taxonomic group  Pigment Sy Z Pigment  Sj Z
Copepods
C. acutus 0.415 -0.021 -0.147 0.262 -0.161 0.630
C. propinquus 0.085 0.385 -0.403 0.582 0.301 -0.144
Ctenocalanus spp. 0.799 -0.063 0.028 0.000 0.210 0.256
G. tenuispinus -0.257  0.211  0.641 0.077 -0.500  0.004
M. gerlachei 0.427 -0.126 -0.077 0.211  0.049 0.441
Oithona spp. -0.701  0.266  0.182 0.143  0.189 0.014
Oncaea spp. -0.463 -0.161 0.280 0.152 -0.378 0.635
Paraeuchaeta spp. -0.018  0.154 -0.336 0.743 -0.223 0.217
R. gigas -0.300 0.413 -0.039 0.536  0.609 0.004
S. minor -0.173  0.295 -0.033 -0.081  0.037 0.221
TOTAL copepods 0.543  -0.049 -0.147 0.397 0.203  0.497
Ostracods 0.341 -0.126 -0.049 0.379 -0.132  0.382
Euphausiids
E. crystallorophias -0.355 -0.487 0.249 0.110 -0.657 -0.060
E. superba 0.220 -0.273 -0.427 0.110 -0.582 -0.109
T. macrura 0.707 -0.133 -0.287 -0.633  0.217  0.193
Amphipods 0.628 -0.035 -0.517 0.008 -0.356 -0.199
Mysids 0.567 -0.028 -0.028 0.802 -0.347 -0.091
Medusae -0.300  0.099 0.218 0.206 -0.250 0.411
Polychaetes 0.122 -0.553 0.039 0.649 -0.189 0.466
Pteropods -0.311  0.434 -0.301 0.253 0580 0.311
Chaetognaths -0.280  0.203 -0.028 -0.084  0.308 -0.045
Appendicularians -0.165  0.340 -0.119 0.556 0.104 -0.025
Salps 0.009 0431 -0.211 -0.055 -0.257 0.354
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Table 4.6. Percentage of net hauls in which macrozooplankton were located primarily
shallower, deeper, or at the same depth as the thermocline/pycnocline. Percentage of net
hauls with widespread vertical distributions are also indicated. n is the total number of net
hauls in which a taxon was present during 2001 and 2002 combined. A total of seven net
hauls were excluded from the calculations due to a vertically uniform water column (four
net hauls in 2001) or lack of concurrent CTD data (three net hauls in 2002)

Shallower  Deeper  Same depth Widespread n

(%) (%) (%) (%)
Euphausiids
E. crystallorophias 54 23 23 0 13
E. superba 58 33 8 0 12
T. macrura 33 27 13 27 15
Amphipods 19 56 6 19 16
Mysids 0 89 11 0 9

Summer Chlorophyll Concentrations and Krill Recruitment

Surface chlorophyll concentrations in the Bellingshausen Sea and Marguerite Bay
during the spring and summer influenced the abundance and composition of the
zooplankton during fall (Fig. 4.11a). In oceanic waters of the Bellingshausen Sea (Fig.
4.11b and c), chlorophyll concentrations were above average during austral spring-
summer 2000/2001 (November - January). As the summer progressed, phytoplankton
blooms moved onshore and above average chlorophyll concentrations were observed in
the coastal Bellingshausen Sea during January - March 2001 (Fig. 4.11d). During the
2001/2002 season, conditions offshore were average between November and January
(Fig. 4.11b and c), while in coastal waters, above normal chlorophyll concentrations were
primarily observed by late February (Fig. 4.11d). Within Marguerite Bay, the interannual
differences were even more striking, with extremely high chlorophyll concentrations

during austral summer - fall 2001 and below average conditions in 2002 (Fig. 4.11e - f).
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There was a strong correlation (Spearman R = 0.81, p < 0.05) between geometric
mean chlorophyll concentrations in the Bellingshausen Sea during November and
summer recruitment indices for E. superba previously reported for the western Antarctic
Peninsula region (Fig. 4.12a). Geometric mean chlorophyll concentrations for November
1997 - 2004 in oceanic waters of the Bellingshausen Sea were highest during the spring -
summer 2000/2001 season (n = 8), coincident with the highest recruitment index (R;)
observed for E. superba during all years for which data are available (1997/1998 -
2002/2003) (Fig. 4.12b). Relatively low chlorophyll concentrations were registered
during November 1997, 1998, and 2002, when low recruitment values also were

recorded.
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Figure 4.11. (a) Location of the subregions analyzed for median SeaWiFS chlorophyll
concentrations (chl, mg m™) in (b, ¢) oceanic and (d) coastal waters of the Bellingshausen
Sea, (e) northern, and (f) southern Marguerite Bay in spring/summer 2000/2001 (grey)
and 2001/2002 (black). A climatology for spring/summer 1997/1998 - 2003/2004 is

represented by the red line and corresponds to the median chlorophyll in each subregion

for the seven seasons analyzed. 103
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Figure 4.11. (Continued)
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Figure 4.12. (a) Spearman R correlation between geometric mean chlorophyll
concentrations (Chl, mg m™) in oceanic waters of the Bellingshausen Sea during
November 1997 - 2004 and recruitment of E. superba (R) in waters west of the the
Antarctic Peninsula, for the period 1997/1998 - 2002/2003; n = 6; R = 0.81; p < 0.05). (b)
Time series of geometric mean chlorophyll concentration in oceanic waters of the
Bellingshausen Sea during November 1997 - 2004 (grey bars) and recruitment of E.
superba (R;) (black circles) in waters west of Antarctic Peninsula. Chlorophyll estimated
as geometric mean SeaWiFS chlorophyll concentration during late November in
subregion 2 of Fig. 4.11a. Recruitment indices (R;) for 1997/1998 - 1999/2000 from
Siegel et al. (2002); for 2000/2001 from Siegel et al. (2003); and for 2001/2002 and
2002/2003 from the Palmer LTER DataZoo database (data provided by L. Quetin and R.
Ross).
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DISCUSSION

Composition and Abundance of Zooplankton in Marguerite Bay

Total zooplankton abundances in the WAP, and Marguerite Bay in particular, are
generally higher than those reported for other areas of the Southern Ocean. Deibel and
Daly (2007) summarized zooplankton abundance data for continental shelf regions
around Antarctica and report that values in Marguerite Bay and Crocker Passage are one
or two orders of magnitude higher than in any other area considered, including the
Weddell and Ross seas. Copepods numerically dominated the zooplankton community of
Marguerite Bay during fall, with a mean abundance of 24,362 ind m™ in 2001, and values
up to 44,135 ind m™ in Laubeuf Fjord. Also during SO GLOBEC, Ashjian et al. (2008)
investigated zooplankton on the outer continental shelf of Marguerite Bay using Video
Plankton Recorder (VPR) data, and estimated copepod mean integrated abundances of
2,832+ 2,983 ind m? for fall 2001, only ~ 10% of the estimates reported here for coastal
waters in Marguerite Bay. In comparison, near South Georgia in the Scotia Sea, total
copepod abundances during summer 1994 - 1996 were up to an order of magnitude
higher than those calculated here for fall, with median values ranging between 66,684
and 235,793 ind m™ for the upper 200 m of the water column (Atkinson et al., 1999).

Copepod species composition in Marguerite Bay was comparable to that
described for other Antarctic areas, including waters west of the Antarctic Peninsula (e.g.,
Hopkins, 1985; Schnack-Schiel and Mujica, 1994), the Bellingshausen Sea (Atkinson,
1995; Siegel and Harm, 1996), and western Weddell Sea (Hopkins and Torres, 1988).

However, during SO GLOBEC, C. acutus, M. gerlachei, Ctenocalanus spp., and C.
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propinquus dominated total copepod abundance and, the smaller Oncaea spp. and
Oithona spp. did not represent a major fraction of the community, in contrast to previous
results. A study in Crocker Passage, on the northern Antarctic Peninsula shelf, reported a
similar fall copepod species composition, but observed that Oncaea curvata comprised
over half of the total abundance (Hopkins, 1985). Other results from the WAP also
indicate that these smaller copepods generally outnumber larger species (Schnack-Schiel
and Mujica, 1994; Cabal et al., 2002). In contrast to the relatively finer mesh used during
these previous studies (162 - 200 um), zooplankton were sampled with 333 pm mesh
during SO GLOBEC; thus, it is possible that abundances of smaller cyclopods, including
Oncaea spp. (0.6 - 1.1 mm in length) and Oithona spp. (0.7 - 1.2 mm), were
underestimated.

T. macrura was the most abundant euphausiid in 2001, with integrated
abundances up to 266 ind m™. These values are higher than maximum integrated
abundances of 78 ind m™ reported during spring 1989 for Gerlache Strait, at the northern
end of the WAP (Nordhausen, 1994). Mean abundances of T. macrura during fall in
Marguerite Bay (2001: 45.9 ind m™; 2002: 16.2 ind m™) also were higher than average
spring values in the Weddell Sea, which ranged between 0.75 and 2.98 ind m™ in the
upper 200 m (Donnelly et al., 2006). E. superba is often a major fraction of the
macrozooplankton community, comprising up to 95% of the larger zooplankton in waters
along the northern WAP (Lancraft et al., 2004). This species was observed at almost
every location surveyed during the present study; however, abundances did not exceed
those of other euphausiids and macrozooplankton groups, particularly during 2001. The

distribution of E. superba is patchy, with post larval individuals usually aggregated in
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compact and dense swarms that can often be undersampled by plankton nets (Wiebe et
al., 2004); thus, the relatively low abundances reported here should be interpreted with
caution. Densities of E. superba estimated from acoustic surveys during the fall survey
cruises in Laubeuf Fjord and Crystal Sound were approximately an order of magnitude
higher than those from net samples in the same area, and the difference was attributed, in
part, to krill net avoidance (Lawson et al., 2008). T. macrura forms more diffuse
aggregations and is more evenly distributed throughout the water column, which allows
for more accurate abundance estimates from net data. Despite being likely
undersampled, E. superba still comprised a major fraction of the fall zooplankton
biomass in Marguerite Bay (see estimates below). Mean integrated abundances of
juvenile and adult E. superba in Marguerite Bay were 6.22 and 14.8 ind m™ in 2001 and
2002, respectively, with maximum values up to 117 ind m™ in Crystal Sound during
2002. These abundances are in the same order of magnitude as values reported for other
areas of the WAP. In a review of data for Elephant Island between 1977 and 2004,
Siegel (2005) reports abundances ranging between 1.4 and 336 ind m™ (median for all
years = 9.1 ind m?), while Lancraft et al. (2004) estimated fall abundances of 788 ind m™
for the upper 200 m of the water column in Crocker Passage.

Although T. macrura may at times outnumber E. superba, the latter is generally
more important in terms of biomass. For the present study, biomass data are not
available; however, some simple calculations can provide useful estimates of
interspecific biomass differences. During 2001, the overall geometric mean abundance
of T. macrura in Marguerite Bay was 45.9 ind m™, with most individuals at 9 - 10 mm

TL (Fig. 4.5). In the case of E. superba, the average abundance was 6.22 ind m™ during
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the same year, with a mode at 51 mm TL (Fig. 4.4). The mean biomass for T. macrura in
2001 was 0.68 g WW m™, while the corresponding value for E. superba was 9.11 g WW
m™, based on the length frequency distributions for both species during fall 2001 and a
length-wet weight relationship from Ashjian et al. (2004) (wet weight = 0.0054 x

Length*2'

). These biomass estimates are within the range of values reported for
euphausiids in other Antarctic areas. In the western Antarctic Peninsula shelf region,
mean fall biomass of krill estimated from acoustic data was 12 g m™ (Lascara et al.,
1999), whereas summer estimates for krill around Elephant Island in 1978 - 2004 ranged
between 0.76 and 75.2 g m™ (Siegel, 2005). In addition, Voronina (1998) summarized
published biomass estimates for E. superba from plankton nets in different areas of the
northern WAP and reported values generally ranging between 0.2 and 54 g WW m~,
although biomass at Crocker Passage during fall 1983 reached 229 g WW m™. In the
Weddell Sea, average spring biomass for E. superba ranged from 0.54 ¢ WW m™ in open
waters, to 1.2 ¢ WW m™ in the vicinity of the ice edge, while corresponding values for T.
macrura were 0.57 and 1.4 g WW m™, respectively (Donnelly et al., 2006). Despite the
rapid population response to elevated food concentrations and numerical dominance of T.
macrura during fall 2001, E. superba was still the dominant euphausiid in terms of
biomass.

Other numerically important taxa observed in Marguerite Bay during fall 2001
and 2002, such as ostracods, pteropods, polychaetes, and chaetognaths, are common
members of the zooplankton of the WAP (Schnack-Schiel and Mujica, 1994; Siegel and

Harm, 1996). Pteropods and ostracods constituted the most abundant non-copepod

zooplankton in the study area during both years analyzed. Pteropod abundances recorded
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during this study did not vary interannually, and are similar to other SO GLOBEC values
reported for the outer shelf off Marguerite Bay, which reached ~ 1200 ind m™ in the
vicinity of Marguerite Trough (Ashjian et al., 2008). Small pteropods (< 15 mm), which
dominated numerically in Marguerite Bay with values up to 2,119 ind m™, are mostly
herbivores (Hopkins, 1985). Ostracods abundances reached 4,728 ind m™ in southern
Laubeuf Fjord during 2001, which comprised ~ 76% of the non-copepod zooplankton at
this location. Ostracods are generally omnivores and feed primarily on debris of E.
superba, phytoplankton, and copepods (Hopkins, 1985). To the author’s knowledge,
other ostracod integrated abundances have not been reported for the Marguerite Bay area,
and VPR results indicated that they were not a dominant component of the zooplankton
of the mid and outer shelf of Marguerite Bay (C. Ashjian, pers. comm.). A study in the
Weddell Sea observed that ostracods comprised 5.4% of total zooplankton biomass under
the ice, and 2.6% in open waters (Hopkins and Torres, 1988).

Chaetognaths were more abundant in Marguerite Bay than in other Antarctic
areas, with mean integrated abundances of 57 and 31.3 ind m™ in 2001 and 2002
respectively, although values reached 687 ind m™ in the vicinity of Alexander Island
during 2001. Donnelly et al. (2006) report mean values of 1.75 ind m™ for the Weddell
Sea, while Lancraft et al. (2004) estimated mean integrated abundances of 6.37 ind m?
for Crocker Passage during fall. During SO GLOBEC, chaetognaths comprised, on
average, 8% of the non-copepod zooplankton during 2001, with values up to 42% in
Lazarev Bay, and 23% around Alexander Island. The mean percent composition reported
here agrees well with values from the Weddell Sea ranging between 3.8 and 29.3%

(Hopkins and Torres, 1988; Donnelly et al., 2006). Chaetognaths are predators and feed
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mostly on copepods, although the larger species also have been observed to prey on
mysids and amphipods (Hopkins, 1985). Thus, high abundances of chaetognaths in
copepod-rich waters near Alexander Island are not surprising.

Polychaetes were more abundant in fall 2001 relative to 2002. This group
includes mostly herbivorous species in Antarctic waters (Hopkins, 1985) and, thus,
higher densities in fall 2001, when chlorophyll concentrations were higher, are expected.
Vertically integrated abundances reported for the outer shelf off Marguerite Bay reached
~ 2,300 ind m™ west of Alexander Island in 2001 (Ashjian et al., 2008), more than double
the maximum values of 1,110 ind m™ estimated here in coastal Marguerite Bay during

the same year.

Variability in Euphausiid Life History Strategies

Variability in life history strategies between euphasuiid species resulted in
interannual differences in species percent composition. During the chlorophyll-rich 2001
season, the ubiquitous T. macrura dominated the euphausiid community, followed by E.
superba, and E. crystallorophias. The numerical dominance of T. macrura has been
previously reported as well for other areas of the Southern Ocean (e.g., Atkinson and
Peck, 1988; Mujica, 1989). There exist marked differences in the timing of the onset of
reproduction between species of Antarctic euphausiids. T. macrura is the first species to
start reproducing, with spawning as early as September (Makarov, 1979). Later in
spring, E. crystallorophias reproduction begins, followed by E. superba, which spawns
mainly between November and March (Marr, 1962).

Most individuals of T. macrura observed during fall 2001 were juveniles between
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8 - 11 mm TL (87% total) (Fig. 4.5). T. macrura has a more rapid development than the
Euphausia species. Although information on larval growth rates is available for T.
macrura (Nordhasuen, 1992, Siegel, 1987), juvenile development has not been described.
Nordhausen (1992) reports that it takes 90 days for calyptopis II (C2) to develop into the
last larval stage, furcilia VI (F6). In addition, Makarov (1979) estimates that it takes 15 -
20 days for eggs to change into C2, indicating a total larval development time of 105 -
110 days. Siegel (1987) estimated age and growth of T. macrura in the Weddell Sea
from length-frequency data and suggested that larvae can first develop into juveniles at 8
mm in length, during the second half of their first year of life. If reproduction of T.
macrura along the western Antarctic Peninsula starts in September - October, individuals
observed during fall could be up to seven or eight months old. Development estimates
suggest that the T. macrura juveniles observed during fall 2001 originated from a
reproductive event(s) during spring-summer 2000/2001 (age-class 0+), when chlorophyll
concentrations were above climatology values.

Development of E. superba and E. crystallorophias is slower and, therefore,
populations take longer to respond to environmental changes. In contrast to the 105 - 110
days estimated for larval development of T. macrura, laboratory experiments indicate
that E. superba can develop from an egg to F6 in approximately 127 days (Ikeda, 1984),
while the larval development time for E. crystallorophias is even longer (Ikeda, 1986;
Brinton and Townsend, 1991). This longer development coupled with a later onset of
reproduction in November - March suggest that juveniles of E. superba and E.
crystallorophias will not be present in the water column of the western Antarctic

Peninsula region until the spring of their second year (age class 1+), which is supported
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by field observations (Daly 2004; Daly and Zimmerman, 2004). During SO GLOBEC,
elevated chlorophyll concentrations in 2001 supported a successful reproduction of E.
superba and E. crystallorophias during spring-summer 2000/2001, as evidenced by the
presence of numerous larvae in fall 2001 and juveniles during 2002. Hence, T. macrura
had a rapid population response to elevated chlorophyll concentrations, demonstrated by
the large numbers of juveniles present in fall 2001 (Fig. 4.5), whereas E. superba and E.
crystallorophias showed a slower population response, supported by the scarcity of
juveniles of either species during fall 2001 and the high proportion of juveniles present
during fall 2002 (Figs 4.4 and 4.6).

E. superba females are believed to spawn offshore in the vicinity of the shelf-
break (Marr, 1962; Siegel, 1988; 1992). Because eggs are denser than seawater, they
sink and hatch at depths of 800 - 1000 m. The young larvae then swim to the surface
before turning into the first feeding stage, calyptopis I (Marr, 1962), at which point they
need to find food within approximately 10 days or otherwise will not survive (Ross and
Quetin, 1986). This life strategy is hypothesized to have several ecological advantages,
including preventing the eggs from reaching the seafloor and becoming unviable or eaten
by benthic organisms. In addition, the larvae produced at these depths will develop in
warmer (> 1 °C) Circumpolar Deep Water (CDW) found below 500 m, thus reducing the
risk of predation by epi- and mesopelagic fauna. The developmental ascent described by
Marr (1962) for E. superba also has been reported for larvae of T. macrura (Makarov,
1979). These two species share several ecological characteristics, such as a common
widespread distribution, a similar reproductive strategy involving deep hatching of eggs

and larval ascent, and a primarily herbivorous larval phase. Their similar life strategies
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would indicate that these euphausiids are strong competitors; however, it has been
suggested that the two month separation between the onset of reproduction is an
adaptation to avoid competition for food between their larvae (Makarov, 1979). In
addition, during the postlarval stages, when both species coexist, E. superba are mainly
herbivores during spring and summer, while adult T. macrura have been described as
omnivores, feeding mostly on large copepods, such as C. acutus and M. gerlachei
(Hopkins, 1985). Additionally, their depths of maximum abundances in the water
column generally do not overlap. In summary, although E. superba and T. macrura share
a common distribution and similar life history strategies, they have developed individual
adaptations to minimize competition between them, allowing them to coexist as

widespread, successful, Antarctic species.

Summer Chlorophyll and Zooplankton Population Response

Interannual variability in chlorophyll concentrations strongly influences
zooplankton populations. Population responses for T. macrura, E. crystallorophias, and
E. superba were described above. In addition, the influence of spring/summer
chlorophyll concentrations is demonstrated by the strong correlation observed between
November chlorophyll concentrations in the Bellingshausen Sea and recruitment of E.
superba along the WAP during the following year. Previous studies reported correlations
between sea ice extent during winter and successful juvenile recruitment of E. superba
during the following spring (Kawaguchi and Satake, 1994; Siegel and Loeb, 1995; Hewitt
et al., 2003). Sea ice biota on the undersurface of sea ice constitutes an alternative food

source for overwintering larval krill, while sea ice provides refuge from predators, which
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further reduces winter larval mortality (Daly 1990; Daly and Macaulay, 1991). During
SO GLOBEC, there were interannual differences in the extent and timing of the advance
and retreat of sea ice (Chapter 3; Parkinson, 2002; Marrari et al., 2008); however, winter
sea ice conditions were similar in 2001 and 2002, and sea ice biota concentrations were
low at the ice-water interface during both years (0.05 - 0.07 pg I'") (Daly, 2004). Despite
similar winter sea ice, krill recruitment showed marked interannual differences,
suggesting that other processes influence recruitment of E. superba in this area. It is here
hypothesized that the early and persistent availability of phytoplankton in offshore waters
of the Bellingshausen Sea supports early and repeated reproductive events during spring
and summer and results in a high reproductive output. In addition, high concentrations of
phytoplankton in offshore and coastal areas during summer and fall will lead to faster
growth and development of larvae, which will be in better condition to survive
overwinter. Low food conditions or the late onset of blooms will lead to late and/or poor
reproduction and smaller/weaker larvae which may not be able survive overwinter.
Although phytoplankton blooms in the Bellingshausen Sea and Marguerite Bay were
spatially variable, spring chlorophyll concentrations exceeded minimum values (1 - 5 mg
m>) required to initiate reproduction of E. superba (Ross and Quetin, 1986) during both
SO GLOBEC years. It is the variability in the timing and persistence of these blooms,
rather than the absolute chlorophyll concentrations, what will influence the reproduction
and recruitment success of euphausiids.

The composition of the copepod community also showed marked interannual
differences, which appear to be related to variability in food availability. During the

chlorophyll-rich 2001 season, C. acutus dominated, comprising 52% of the total
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copepods. C. acutus has been described as the only true herbivore in Antarctic waters
(Conover and Huntley, 1991; Atkinson, 1998), feeding mainly on phytoplankton during
spring and summer. This species spawns over a short time and produces one distinct
cohort. Maximum densities can be observed in the surface layer during summer, when
the population reaches stage copepodid V (C5). In areas of deep bathymetry, C. acutus
undergoes a seasonal ontogenetic migration, moving to deep waters during the fall and
winter, where individuals do not feed (Schnack-Schiel and Mujica, 1994), whereas in
shallower coastal areas, C. acutus moves to intermediate depths. M. gerlachei, the
second numerically dominant species during 2001 and most abundant copepod in 2002, is
primarily omnivorous and its success does not rely heavily on high phytoplankton
concentrations. This species starts to spawn in December and continues during summer.
M. gerlachei does not undergo a seasonal ontogenetic migration and is more widely
distributed throughout the water column (Atkinson and Peck, 1988; Schnack-Schiel and
Hagen, 1995). The elevated phytoplankton concentrations observed in Marguerite Bay
throughout the summer of 2001 likely favored the reproduction of C. acutus, which
reached relatively high abundances and dominated the copepod community during fall.
Lower chlorophyll concentrations during 2002 resulted in lower abundances of copepods.
The copepod community was dominated by omnivorous species, such as M. gerlachei
and Ctenocalanus spp., which together accounted for ~ 60% of total copepods, whereas

C. acutus had an 85% population reduction relative to 2001.

Controls on Zooplankton Spatial Patterns in Marguerite Bay

Copepods and macrozooplankton showed opposite horizontal distributions in
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Marguerite Bay, with higher abundances of macrozooplankton in the northern sectors of
the study area, and greatest densities of copepods in southern areas. These distinct
distributions are likely the result of a combination of circulation features and seasonal
predation. The general circulation in Marguerite Bay (Fig. 1.2) involves a coastal current
(APCC) that enters Marguerite Bay at the northern end, flows along the coast in a
clockwise direction (Moffat et al., 2008), and exits Marguerite Bay along the outer coast
of Alexander Island. In addition, drifter data revealed a clockwise gyre-like circulation in
the central areas of Marguerite Bay during fall 2001 and 2002 (Beardsley et al., 2004),
while ADCP results showed the presence of two eddies in George VI Sound during fall
2001 (Dorland and Zhou, 2008). These features, in combination with the general
circulation of the APCC, contribute to creating a favorable retention habitat for
zooplankton in Marguerite Bay. These circulation features can transport zooplankton
within coastal Marguerite Bay, particularly smaller taxa such as copepods, which are
unable to swim against currents. The northern sectors of the study area, such as southern
Crystal Sound, had a more sluggish flow than that observed for the APCC (Zhou et al.,
2004). Given the capabilities of euphasuiids to swim at cruising speeds of 10 - 15 cm
sec’! (Hamner et al., 1983; Zhou and Dorland, 2004), it is likely that these larger
organisms are able to maintain their distributions preferentially in these quieter northern
areas, resulting in the higher abundances observed relative to the southern sectors. In a
study from the Crystal Sound area using Acoustic Doppler Current Profiler (ADCP) data,
Zhou and Dorland (2004) demonstrate that the swimming capabilities of E. superba can
determine the maintenance of aggregations in the mesoscale circulation field of the area.

The effects of predation are cumulative over the summer productive period and
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may have contributed to the different spatial distributions observed between copepods
and euphausiids in Marguerite Bay during fall. Predation during fall was likely not
strong enough to significantly reduce copepod abundances in the northern sectors,
particularly given that the much of the euphausiid and copepod populations occurred at
different depths in the water column. A negative correlation between abundances of
copepods and euphausiids was reported for summer in waters around South Georgia,
where predation pressure of euphausiids was found to determine, at least in part, copepod
distributions (Atkinson et al., 1999). In summary, the combined effects of currents and
retention features, seasonal predation, and behavior of macrozooplankton, likely
determined the distinct spatial distributions observed for these taxa during fall in
Marguerite Bay.

Vertical distribution of euphausiids and other zooplankton, including copepods,
amphipods and mysids, rarely overlapped throughout Marguerite Bay during 2001. All
euphausiids were consistently shallower than the most abundant copepods species, C.
acutus and M. gerlachei, and these vertical distributions are consistent with other results
for euphausiids of the continental shelf of Marguerite Bay (e.g., Lawson et al., 2008;
Ashjian et al., 2008). Considering that the fall 2001 cruise took place during May - June,
after C. acutus has normally started its seasonal descent into deeper waters, the vertical
separation of the two groups could be attributed to differing winter behaviors. However,
the omnivore M. gerlachei, which also comprised a major fraction of total copepods, does
not undergo seasonal vertical migrations and is known to feed throughout the year. Thus,
the deep distribution of this species relative to euphausiids could be the result of

accumulated predation pressure. In contrast to the vertical depth partitioning observed in
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2001, euphasuiids and copepods had an overlapping distribution during 2002. The
overall shallower distribution of copepods in 2002 could have resulted from a
combination of factors, including (1) an earlier fall cruise (April - May) relative to 2001
(May - June), (2) a smaller contribution of C. acutus to the total copepod abundance with
higher proportions of surface-dwelling species such as Ctenocalanus spp and Oithona
spp., and (3) reduced predation pressure during fall 2002, a consequence of E. superba
not feeding on copepods (K. Daly, pers. comm.), as well as lower densities of other
omnivorous and carnivorous zooplankton, such as T. macrura, chaetognaths and
medusae.

Studies of mysids from the Southern Ocean are few; however, Brandt et al. (1998)
described 37 species of Antarctic mysids, 19 of which are endemic, and reviewed
information on their biogeography and vertical distributions. Mysids are generally
hyperbenthic or bathypelagic, and prefer an omnivorous diet, feeding on phytoplankton
and a variety of zooplankton, including copepods, coelenterates, and euphausiid molts
(Hopkins, 1985). During our study, mysids were located consistently deeper than
euphausiids and amphipods, with some individuals recorded at depths of up to 800 m, the
maximum depth sampled during SO GLOBEC. These distributions are consistent with
previous coastal studies, while in deep-waters, Antarctic species have been recorded at
depths of up to 4500 m (Torres and Hopkins, 1988; Brandt et al, 1998). Although depths
in Marguerite Bay reach ~ 1,600 m at a few locations, the mean depth of the area is ~ 400
m (Bolmer et al., 2004) (Fig. 1.1). In deeper areas of the WAP, such as the vicinity of the
shelf break, vertical distributions of mysids may extend to greater depths than those

reported herein.
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Amphipods were located at intermediate depths between euphausiids and mysids
in 2001, but were shallower than both groups during 2002. Although data on the species
composition of the amphipod community during SO GLOBEC are not currently
available, the distinct vertical distributions observed could be related to interannual
variability in the percent contribution of different species. For example, in 2001 deeper
living large gammarid amphipods appear to have dominated, while smaller hyperiid
amphipods, such as Themisto gaudichaudii, which are known to inhabit shallower waters

(Hopkins, 1985; Torres and Hopkins, 1988), may have been more important in 2002.

Relationship between zooplankton and fall environmental parameters

There were no clear trends between zooplankton spatial distributions and fall
environmental variables in Marguerite Bay. The positive correlation observed in 2001
between pigment concentrations and abundances of Ctenocalanus spp. could be the result
of the mainly herbivorous diet of this species (Hopkins, 1985); however, no other
herbivores had positive correlations with this parameter. The positive relationship
between the carnivore Paraeuchaeta spp. and pigment concentrations during 2002 is
even less evident. Paraeuchaeta spp. are raptorial predators, feeding primarily on
smaller copepods, such as Oncaea spp. and copepodites of M. gerlachei (Hopkins 1985),
which are omnivores and may ingest significant amounts of phytoplankton. However,
these prey species did not show positive relationships with pigment concentrations.
Moreover, only a weak positive trend (not statistically significant) was observed between
Paraeuchaeta spp. and their main prey, Oncaea spp. (r = 0.39; p = 0.216) and M.

gerlachei (r=0.32; p=0.308) during 2002. The overall lack of relationship between
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pigment concentrations and grazers is likely due to the fact that herbivorous/omnivorous
copepods may not have been feeding on phytoplankton during mid to late fall. Among
the macrozooplankton, only the omnivores T. macrura and mysids showed positive
correlations with pigment concentrations in 2001 and 2002 respectively, but these
relationships were not consistent interannually.

Relationships between copepod abundances and bottom depth are consistent for
some copepod species (Table 4.4). For example, G. tenuispinus, C. acutus, and Oncaea
spp. were classified as deep species during both years, and also showed a significant
tendency for higher abundances at locations of deeper bathymetry, such as those in the

vicinity of Marguerite Trough and southern Laubeuf Fjord (Fig. 1.3).

Summary

The variability observed in total abundance and percent composition of the
zooplankton of Marguerite Bay during fall can be linked directly to the contrasting
environmental conditions that prevailed during the preceding spring-summer seasons.
During spring-summer 2000/2001 a combination of warmer sea surface temperatures,
higher than normal chlorophyll concentrations, and low sea ice cover resulted in a
favorable environment for zooplankton reproduction and larval growth, which led to the
distinctive composition and overall higher abundances observed during fall 2001. Above
average concentrations of chlorophyll in many areas, including the Bellingshausen Sea
and Marguerite Bay, led to high concentrations of copepods, juvenile T. macrura, and
larval Euphausia spp. during fall 2001, and subsequent elevated numbers of juvenile and

adult E. superba and E. crystallorophias in fall 2002. On the other hand, lower surface
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temperatures, extensive and persistent sea ice cover and, consequently, lower than normal
chlorophyll concentrations during spring-summer 2001/2002, resulted in lower plankton
abundances in Marguerite Bay during fall 2002, particularly copepods, larval
euphausiids, herbivorous macrozooplankton and juvenile T. macrura. For other groups
that do not rely heavily on phytoplankton for reproduction and survival, such as
ostracods, pteropods, chaetognaths, amphipods and mysids, the interannual
environmental variability did not have as large an impact on their populations, which is

evidenced by the smaller interannual differences observed in their abundances.
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CHAPTER FIVE

SUMMARY AND CONCLUDING REMARKS

Validated satellite chlorophyll data offer great insight into the temporal and
spatial variability of phytoplankton dynamics in remote and difficult to access areas, such
as the Southern Ocean. The high resolution and synoptic nature of these datasets are
unattainable using traditional ship-based measurements. Validation results confirm that
SeaWiFS surface chlorophyll concentrations derived for the Southern Ocean are an
accurate measure of in situ values between 0.05 - 1.5 mg m™. These findings contradict
previous results that report an underestimation of SeaWiFS chlorophyll in Antarctic
waters. The good agreement between SeaWiFS and in situ chlorophyll concentrations
reported here was based on the use of chlorophyll data determined by HPLC as ground
truth, instead of chlorophyll concentrations estimated from fluorescence, which has been
shown to introduce significant errors when certain accessory pigments are present in the
water column. Because more than 90% of the Southern Ocean has chlorophyll values in
the 0.05 - 1.5 mg m™ range, it is not necessary to develop an alternative bio-optical
algorithm for this region. However, if computer models (e.g., to estimate primary
production or eutrophic depth) have been developed using fluorometric methods as input,
then the satellite estimates of chlorophyll concentrations will need adjustment to be
consistent with these models.

A major finding of this dissertation is the presence of predictable and persistent
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phytoplankton blooms in the Bellingshausen Sea and Marguerite Bay areas between 1997
and 2004, and the strong influence that environmental variability in these areas has on the
zooplankton community of the WAP. The lack of field sampling in this region may
partly explain why the magnitude of phytoplankton aggregations has been previously
overlooked. Chlorophyll concentrations in the southern sectors are consistently higher
than in any other part of the WAP. The climatology of chlorophyll concentrations for the
period between 1997 and 2004 indicated that chlorophyll values were elevated during
2001 in comparison to all other years, particularly in the vicinity of Marguerite Bay.

Zooplankton composition in the vicinity of Marguerite Bay was similar to that
reported for previous WAP studies, and included 12 species of copepods, three species of
euphausiids, and ten other groups. The observed variability in total abundance and
percent composition of the zooplankton during fall was strongly influenced by the
contrasting environmental conditions that prevailed during the preceding spring-summer
seasons. During spring-summer 2000/2001 warmer sea surface temperatures, higher than
normal chlorophyll concentrations, and low sea ice cover created a favorable
environment for zooplankton reproduction and larval growth. Above average chlorophyll
concentrations in 2001 led to high concentrations of copepods, juvenile T. macrura, and
larval Euphausia spp. during fall 2001, and subsequent elevated abundances of juvenile
and adult E. superba and E. crystallorophias during fall 2002. In contrast, lower surface
temperatures, extensive and persistent sea ice cover, and consequently lower than normal
chlorophyll concentrations during spring-summer 2001/2002 resulted in lower plankton
abundances in Marguerite Bay during fall 2002, particularly copepods, larval

euphausiids, herbivorous macrozooplankton and juvenile T. macrura. For other groups
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that do not rely heavily on phytoplankton for reproduction and survival such as ostracods,
pteropods, chaetognaths, amphipods and mysids, environmental variability did not have a
large impact on their populations, which is evidenced by the small interannual differences
observed in their abundances.

Zooplankton, particularly E. superba, originating in the Bellingshausen Sea and
southern areas along the WAP may be a significant source for populations found
downstream in shelf waters of the northern Antarctic Peninsula, the Scotia Sea, and South
Georgia (Fach and Klinck, 2006; Thorpe et al, 2007). Thus, variability in the timing and
persistence of phytoplankton in the southern WAP will not only affect local zooplankton
and predators, but ultimately may impact the entire ecosystem of the WAP and adjacent
Scotia Sea. The pivotal role that environmental variability in Marguerite Bay and the
Bellingshausen Sea plays in structuring the zooplankton community is demonstrated by
the results presented here. Given the few datasets currently available, and the poor
understanding of the processes than control environmental variability in these regions,
particularly chlorophyll dynamics, future studies of ecosystem dynamics along the WAP

should include the Marguerite Bay and Bellingshausen Sea regions.
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Appendix 1. Vertical distribution of euphausiids (left column) and copepods (ind m™)
(right column) in Marguerite Bay during fall 2001. The black broken line indicates the
maximum sampling depth when a net haul was sampled to depths shallower than 500 m.

300
350

AQOfrerrr s rra s srr i s s

450

500

05

500

Crystal Sound

Depth (m)

200 250 300

Northern Laubeuf Fjord

1 15 2

100 150 200 250 300

350

400
Bl E. superba

E. crystallorophias 450
T. macrura

Southern Laubeuf Fjord

146

_______ I



Appendix 1. (Continued)
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Appendix 1. (Continued)
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Appendix 1. (Continued)
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Appendix 2. Vertical distribution of euphausiids (left column) and copepods (ind m>)
(right column) in Marguerite Bay during fall 2002. The black broken line indicates the
maximum sampling depth when a net haul was sampled to depths shallower than 500 m.
Color legend as in Appendix 1.
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Appendix 2. (Continued)
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Appendix 2. (Continued)
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Appendix 3. Vertical distribution of macrozooplankton (ind m™) in Marguerite Bay, in
relation to environmental parameters. Pigment (mg m™) represents chlorophyll +
phaeopigment concentrations.
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Appendix 4. Vertical distribution of macrozooplankton (ind m™) in Marguerite Bay, in
relation to environmental parameters. Pigment (mg m™) represents chlorophyll +
phaeopigment concentrations.
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Appendix 4. (Continued)

Abundance (ind per m 3)
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