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The d is tr ibution  of Zooplankton in an  Antarctic fjord 
a t  S o u th  Georgia  during  s u m m e r  an d  winter
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A b stra c t: Z ooplankton was sam pled intensively with an R M T 1+8M  system  in the fjord o f  Cum berland East 
Bay, South G eorgia during late w inter 1983 and sum m er 1987. In sum m er, biom ass was h ighest in the surface 
20  m, reaching 142 g  dw /1000 m 3. Copepods dom inated the Zooplankton com prising 96 -99%  by num bers, 
o f  w hich 80-90%  occurred in the top 100 m o f  the 265-m  w ater colum n. The sm all clausocalanid 
D repanopus fo rc ip a tu s  was particularly abundant. W ith increasing depth the proportion o f  non-copepod 
biom ass, principally M ysidacea and A m phipoda increased significantly. B iom ass throughout the water 
colum n in  w inter w as generally 4 -5  tim es low er than in sum m er although again copepods, and in particular
D. fo rc ipa tus  and m em bers o f  the M etridinidae, still num erically  dom inated the plankton. B iom ass levels 
w ere som e 2 -3  tim es greater than those found in A ntarctic oceanic regions but were com parable with 
estim ates from  som e boreal fjords. T he m ixture o f  neritic and oceanic species encountered, and the seasonal 
presence o f  som e gelatinous Zooplankton, particularly  ctenophores, appears typical o f  the com m unity 
structure o f  m any fjo rd  ecosystems.
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In tro d u c tio n

Fjord ecosystem s have been the subject o f  intensive 
investigations in boreal and arc tic  regions. T heir biological 
production is generally  high and they contain harvestable 
resources such as fish, crustaceans and bivalves (Bratlegard 
1980). Fjords a re  a  conspicuous coastal feature o f  som e o f  
the offshore islands o f  the Southern Ocean, notably South 
G eorgia and the South Shetland Islands. H ere, m arine 
research has tended to concentrate on processes occurring in 
the surrounding oceanic and shelf waters, and fjords have 
been relatively little studied. It is how ever becom ing 
apparent that South G eorgia fjords m irror their northern 
counterparts in serving as im portant areas for fish spawning 
and recruitment (North 1988). Consequently British Antarctic 
Survey, as part o f  their O ffshore B iological Program m e 
(OB P), has undertaken surveys in the fjord o f  Cum berland 
E ast Bay to characterize the Zooplankton and its interaction 
w ith larval fish. This paper p rovides a  prelim inary seasonal 
com parison o f  Zooplankton species diversity, distribution 
and abundance in the fjord.

M a te ria ls  an d  m ethods

Zooplankton was sam pled along  a  transect in Cum berland 
E ast Bay, South G eorgia, during Septem ber 1983 (late 
w inter) and January 1987 (sum m er) using an  acoustically 
operated rectangular m idw ater trawl (RM T 1+8M) (Roe &

Shale 1979). D uring the first su rvey  in w inter, because of 
uncertainty about bottom topography, nets w ere fished 
obliquely upw ards through three nom inal depth horizons 
(2 2 5 -1 5 0  m , 150-75 m and 75 m -surface) a t four tim es of 
day, designated pre- and post-dusk and pre- and post-dawn. 
H auls w ere repeated over a  period o f  six days, although data 
presented here a re  based on two days o f  sam pling with an 
R M T 1 (m esh size  330 pm ) (24 sam ples). D uring sum m er 
a  different regim e was adopted to  increase sampling frequency 
throughout the day and to  increase vertical resolution o f  the 
w ater colum n. N ets were Fished obliquely dow nw ards a t six 
tim es o f  day , (the previous tim es p lus local m idday and 
m idnight) through the  0 -2 0  m  depth horizon and then a t 40- 
m  depth intervals dow n to  220 m . As the R M T 1+8M 
com prises a  trip le flight o f  nets on ly  three o f  the six  vertical 
horizons could be fished during any one tim e period. 
A ccordingly a  com plete series o f  hauls was spread over two 
days w ith the top 100 m  being sam pled during the designated 
tim es on  day 1 and the low er 120 m  on day 2. This cycle of 
hauls w as repeated three tim es over a  10-day period. Data 
presented here a re  based on  a  sing le series o f  R M T 1 hauls 
(2 days).

F ishing tim e in each horizon during w inter w as 30 min. 
and in sum m er 20 min. D istance travelled by the nets was 
calculated from  a  flow m eter m ounted on the n e t m onitor and 
volum e filtered then calculated from  the  equations of 
Pom m eranz el al. (1983). F iltration w as assum ed 100% 
efficient. D uring th e  lim e tha t the R M T 1+8M  w as fishing 
a  1-m2 fram e net (F  net, m esh size  4 .5  m m ) w as deployed 
from  the  foredeck to  fish the upper 2  m o f  the w ater column
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principally for fish larvae, bul also  to investigate macro- 
zooplankton occurrence in the near surface layer.

Salinity and tem perature profiles w ere obtained using a 
Plessey 9041 STD -SV  telem etering unit and data logger. 
A dditional tem perature profiles w ere obtained using XBTs.

The displacem ent volum e o f  each  R M T  1 sam ple was 
m easured onboard and then en tire  sam ples, o r  100 ml 
subsamples i f  the sample volume was greater, were preserved 
in 4%  borax buffered form aldehyde solution for subsequent 
laboratory analysis. In the U K , sam ples w ere sorted in 
Steedm ans solution under a  W ild M 20 stereom icroscope; 
m acrocom ponents w ere rem oved, identified and counted. 
N om enclature for Copepoda follow s V ervoorl (1957), 
Pteropoda follows Morton (1954), Amphipoda follows Barnard 
(1969), Euphausiacea follows K irkwood (1982), M ysidacea 
follows Tattersall (1955) and D ecapoda follow s Kirkwood 
(1984). Sam ple residues w ere sp lit using a  Folsom  plankton 
splitter until two manageable aliquots (approximately 500-800 
anim als per aliquot) from each sam ple w ere obtained. 
Zooplankton w ere then counted and when possibleidentified 
to species.

B iom ass m easurem ents w ere m ade on preserved Zoo
plankton by grouping individuals according to species and 
m aturity stage and drying to constan t w eight at 60°C. 
Between 10-100 individual copepods o f  each identified 
species stage or grouping w ere pooled in replicates o f  three 
and the resultant m ean w eight accorded to  all individuals o f 
that stage. M acrocom ponents such as rnysids w ere grouped 
according to length and a mean weight obtained for individuals 
corresponding to each modal class observed. R M T 1 samples 
w ere then exam ined and on th e  basis o f  the  catch size 
frequency distribution, biom ass w as calculated. The sm aller 
and/or ra rer fractions o f  the Zooplankton w ere treated in the 
m anner o f  H opkins (1985) by generating w eight/length 
regressions for selected dom inant species which were 
m orphologically sim ilar to  th e  rarer o r  sm aller elem ents. 
B ecause o f  the fragile nature o f  th e  gelatinous Zooplankton 
and preservation difficulties it w as no t possible to estim ate 
their contribution to total b iom ass. H ow ever the abundance 
and distribution o f  the dom inant form s is sum m arized. For 
biomass calculations no distinction was made between summer 
and w inter sam ples and species w ere taken a t random  from 
both sam ple sets. A lthough there are likely to  be stage and 
species specific differences betw een seasons it was fe lt that 
as Zooplankton abundance was 4 -5  tim es greater in sum m er, 
seasonal differences in total biomass would not b e  significantly 
affected.

R esults

Physical conditions

Cumberland East Bay (54°17'S, 36°26'W ) is situated m idway 
along the north-eastern coast o f  South Georgia. It shares a

com m on entrance with C um berland W est Bay and is  som e 
14 km long and 3 -7  km w ide. T he m axim um  depth is c. 
275 m w ith  a sill at c. 200  m  depth  occurring a t the seaw ard 
end. T he N ordenskjöld G lacier is  situated a t its landward 
end, and is the source o f  considerab le freshw ater run-o ff in 
sum m er. The area is sub ject to  strong winds o f  variable 
duration.

T em perature profiles taken  during  both seasons indicated 
that the w ater colum n w as generally  isothermal. D uring 
w inter there was an upper layer (2 -3  m) of locally warm ed 
low  salinity w ater o f  1 .5 -2 .8°C . Tem perature decreased to 
around 0.7°C  a t4 -5 m  depth and rem ained isotherm al to  near 
bottom . During sum m er there w as again a locally warm ed 
upper layer o f  low  salin ity  this tim e betw een 3-4°C . Below  
this, colder w ater o f  0 .5 -1 .5°C  again showed no obvious 
structure down the w ater colum n.

Zooplankton abundance and  biom ass

D uring both seasons a t all tim es o f  day, large (4-fold) 
variations in Zooplankton abundance were evident between
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Fig. 1. Depth-related Zooplankton abundance in Cumberland 
East Bay during summer and w inter surveys given as means 
with range. N  = 6 hauls for each depth horizon in summer 
and 8 in winter.
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hauls, especially in the upper 100 m o f the w ater colum n. In 
sum m er a  tw o-way ANO VA exam ining the effects o f  depth 
and tim e o f  day (day/night) indicated that only  changes in 
abundance w ith depth w ere significant ( F = 7.80, P  <  0.001, 
5 and 30 df). In  w inter, abundance did not vary significantly 
inrclation to e ith e r  factor (P >  0.05). D ata have accordingly 
been pooled irrespective o f  tim e o f  day and arc presented in 
Fig. 1. In  sum m er the general trend is on e  o f  h ighest 
abundance occurring in the top 20 m , decreasing to 100 m 
and then rem aining relatively uniform down to 220 m. In 
w inter, variation was still a  feature especially in the  upper 
75 m, although, overall, considerably less than in sum m er. 
Below  this depth abundance fell to around or below sum m er 
levels. B iom ass levels (Fig. 2) also showed 4 -5  fold levels 
o f  variation although in neither season did levels change 
significantly w ith either depth or tim e o f  day (P  > 0.05). In 
sum m er, biom ass m axim a (142 g  dw /1000 m3) occurred in 
the upper 20 m  and m inim a (15 g  dw /1000 m 3) in the 
180-220 m  horizon. L ow er w inter biom ass levels m irrored 
the drop in abundance and m ean levels were som e 4 -5  times
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Fig. 2. Depth-related Zooplankton biomass and the proportion 
of copepod and non-copepod contributors in Cumberland East 
Bay during sum mer and winter surveys. Data plotted are 
means with range values. N = 6 hauls for each depth horizon 
in summer and 8 in  winter.

Table I. Mean copepod  an d  total Zooplankton biom ass in Cumberland 
Bast Bay during summer and  winter.

D epth (m)
M ean  c o p e p o d  

biom ass 
g d w  m  2

SU M M ER
M ean total 

Z o o p lan k to n  biom ass 
g  d w  n r 2

0 -2 0 1.93 2.06
2 0 -6 0 2 .60 2.94
6 0 -1 0 0 2.01 2 .27

1 0 0 -1 4 0 0.75 1.24
1 4 0 -1 8 0 0.82 1.89
1 8 0 -2 2 0 0 .50 1.59
Total 8.61 11.99

W IN TE R
M ean copepod M ean total

D epth (m) biom ass Zooplankton b iom ass
g  d w  m  2 g dw  in'2

0 -7 5 1.12 1.16
7 5 -1 5 2 0.78 0.82

152-203 0.31 0.58
Total 2.21 2.56

lower throughout the w ater colum n (Table I). A com plete 
list o f  taxa and species encountered during the tw o cruises 
and their relative abundance is g iven  in Table II.

The Copepoda averaged 97% and 89% of total Zooplankton 
abundance during sum m er and w inter respectively. They 
generally com prised 85-95%  o f biom ass in the top 100 m. 
Accordingly only copepod size frequency and biom ass data 
over the w hole w ater colum n are  presented in Fig. 3. Size 
frequency was polym odal and this was reflected in biom ass 
values. A bundance m axim a occurred in the 0 .5 -1 .5  mm  
céphalothorax size classes, (m ainly D repanopus forcipatus. 
Ctenocalanus spp. and early copepoditc stages o f  M etridia  
spp.) with 87% and 81 % o f total copepod abundance account
ing for 59%  and 50% of the sum m er and winter copepod 
biom ass respectively.

The mean sum m er and w inter biom ass in each depth 
horizon broken down into copepod and non-copepod 
com ponents is  illustrated in Fig. 4 . In sum m er the copepods, 
D . forcipa tus  and Calanoides acutus  dom inated biom ass, 
especially in the upper 100 m , accounting on average for 
58% and 30%  o f total copepod biom ass, and 40%  and 21% 
o f total Zooplankton biom ass respectively. Below  20  m 
Rhincalanus gigas was distributed m ore evenly through the 
w ater colum n w ith peak biom ass occurring between 140 and 
1 8 0 m . Of. the o ther species Euchaeta antarctica  and 
Ctenocalanus spp. becam e m ore im portant between 180 and 
220 m , although they contributed <  2.5%  to total biomass. 
M ysidacea dom inated the non-copepod biomass. M ysidetes  
spp. w ere found throughout the  w ater column whereas 
Antarctom ysis ohlin ii was restricted to depths below 140 m 
w ith Antarctom ysis maxima, th e  least abundant m em ber o f  
those figured, occupying an interm ediate position. O f the

B io m ass g dw  /1 OOOma
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T a b ic  II- C om parison  o f  su m m er-w in ie r ab u n d an ce  o f  Z ooplankton taxa  and  species found in C um berland  E ast B ay . T h e  vertical d is tribu tion  o f  th e  
C opepoda  has b een  assigned  w here p o ssib le  a cco rd ing  to  A tkinson &  P eck  (1988) an d  A tk inson  &  P eck  (in  p re ss) an d  sources therein. E P S  = cpipelagic 
seasonal m igran t, E P N S  =  epipelagic  non -seasonal m ig ran t, M  =  m esopelag ic , N =  n e ritic , * =  abundance  ra tio  n o t calculated  as species absen t in  o n e  o f 
the tw o  seasons.

M ean abundance R atio V ertical M ean  abundance Ratio V ertical
No. per 1000 m» sum m er: d istri N o. p e r 1000 m’ sum m er: d istri

Sum m er W inter w in ter bution S um m er W inter w inter bution

C opepoda P teropoda
A e tid e o p is  m inor — 25 * C lio  sp. 5.9 836 1:142
C alano ides  acutus 59926 2193 27:1 EPS C lione  an tarctica 4.3 — *

C alanus sim illim us 397 1427 1:3.5 EPS L im ac ina  helicina 9.5 — *

C alanus prop inquus 246 90 2.7:1 EPS S p o ng iobranchaea  austra lis 6.1 1.7 3.5:1
C andacia  m axim a 137 319 1:2.3 ? M ysidacea
C lausoca lanus la ticeps 4128 63 65:1 EPN S A ntarc tom ysis  m axim a 39 12 3.2:1
C tenoca lanus  spp. 94505 7565 12.4:1 EPS A ntarc tom ysis  o h lin ii 51 12 4.3:1
D repanopus fo rc ip a tu s 1136039 151122 7.5:1 N M ysidetes  spp. 635 9 71:1
E uaetideus austra lis — 133 * EPN S P seudom m a  spp. 11 1.3 8.5:1
E u ca la n u s long iceps 28 — * EPS A m phipoda
E uchaeta  an tarctica 808 2187 1:2.7 EPS/M H yperia  sp. 8.7 2.5 3.5:1
E uchae ta  biloba 7 92 1:13.1 M H yperie lla  dila ta ta <1 1.3 1:2.4
E uch ire lla  rostrom agna 14 5 2.7:1 7 O rchom ene p leb s 32 10.5 3:1
G a id iu s  tenuispinus 3 12 1:4 M Pr im n o  m acropa 116 145 1:1.3
H a lo p tilu s  oxycepha lus 85 7 12.8:1 EPN S T hem is to  gaudichaudii 8.7 <1 17:1
H eterorhabdus austrinus 12 25 1:2.1 M Vibilia an tarctica <1 8.9 1:39
M etrid ia  spp. C l-C V + C V Ic f 12294 28242 1:2.3 M D ecapoda
M etrid ia  lucens  C V 1 9 308 1471 1:4.8 M C horism us an tarcticus 45 — *

M etrid ia  gerlache i C V I9 367 279 1:3.1 M N otocrangon  an tarcticus 224 104 2.2:1
M icroca lanus pyg m a eu s 715 172 4.2:1 E P S ? E uphausiacea
O ithona  spp. 12872 5767 2.2:1 EPNS E uphausia  fr ig id a  Ad. <1 3.2 1:38
O n ca ea  spp. 565 1341 1:2.4 ? Cal. — 106 *

P leurom am m a robusta 16 3994 1:249 M Fur. 194 60 3.2:1
R hin ca la n u s g igas 4436 4057 1.1:1 EPS E uphausia  triacan tha  A d. — <1 *
Scaphoca lanus  sp. — 67 * ? Cal. <1 41 1:45
Scolecithricella  m in o r 462 402 2 1:9.5 EPN S Fur. 30 — *

O stracoda 538 6502 1:12 T hysanoessa  sp p . Ad. 10.3 33 1:3.2
C haetognatha 832 2037 1:2.4 C al. — <1 *

P olychaeta Fur. 273 2 136:1
T om opteris  sp. 9 .2 17 1:1.8

A m phipoda, O rchom ene p leb s  was dom inant, being found 
from the surface down to 200 m. Decapod larvae (Notocrangon 
antarcticus  and Chorismus antarcticus) w ere only  present in 
the top 100 m.

In w inter, biom ass was considerably less than in sum m er 
and although the  sam pling design does not allow  the same 
fine-scale resolution  o f  the w ater colum n, th e  general pattern 
o f  copepods dom inating the upper 150 m is repeated. The 
two m ajor contributors to copepod biom ass in  w inter were
D . fo rc ipa tus  and R . gigas (43%  and 23%  o f  copepod 
b iom ass, 32%  an d  17% o f to tal biom ass respectively) with
E . antarctica  becom ing progressively m ore im portant with 
depth.

M ysidacea again dom inated th e  non-copepod fraction 
w ith A . oh lin ii being  m ost abundant in  the low er depth 
horizon. A. m axim a  was again d istributed throughout the 
w ater colum n although M ysidetes  spp. w ere m uch less 
abundant than in  sum m er and w ere restricted  to the lower 
depth horizons.

Gelatinous Zooplankton

The gelatinous Zooplankton included m em bers o f  the 
Ctenophora, Hydromedusae and Scyphomedusae. In summer 
R M T 1 catches indicated that C tenophora, principally 
Cryptocoda gerlachei and Beroe  sp. w ere alm ost entirely 
restricted to the top 20  m  although abundance w as low  (mean 
abundance 7 /1000 m 3). Exam ination o f  F  ne t catches 
indicated, how ever, that they w ere m ost abundant in the 
0 -2  m  depth layer (m ean abundance 644/1000 m 3). In 
w inter, none w ere collected.

Scyphom edusae, in particular the large cyaneidid 
Desmonema glaciale, were encountered during both seasons. 
T he displacem ent volum e o f  individuals ranged from 
0 .5 -7 0 .0  1. Frequently  on ly  parts o f  these organism s were 
found in the nets m aking it  d ifficult to assess abundance. An 
indication o f  their r e l a t i f  abundance was gained by pooling 
R M T  8  and 1 data and analysing their presence o r  absence in 
the to tal num ber o f  nets fished. They w ere absent in the top
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Fig. 3 . Copepod size frequency over the 
entire water column during sum m er and 
w inter surveys. D ata plotted are mean 
abundance and biom ass contributions.
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Fig. 4 . M ean biomass of copepod and non-copepod 
Zooplankton in  relation to depth in  Cumberland East Bay 
during summer and w inter surveys. D f = Drepanopus 
forcipatus, Ca = Calanoides acutus, Rg = Rhincalanus gigas, 
Ea = Euchaeta antarctica, Ct =  C tenocalanus spp., M t = 
Metridia spp., P r =  Pleuromamma robusta, Aoh -  
Antarctomysis ohlinii, A m  = Antarctomysis maxima,
M y -  M ysidetes spp., O st = Otracoda, Or = Orchomene 
plebs, Tm = Tomopteris, De = Decapoda, Ot = others.

60  m o f  the water colum n during sum m er and in both 
seasons abundance increased w ith depth. There w as little 
overall difference in abundance betw een seasons (present in 
10-13%  o f a ll nets fished) nor w ith tim e o f  day.

Vertical distribution

T he vertical distribution o f  the dom inant species during the 
two seasons is presented in F igs 5 -7 . Few o f the species 
showed any great differences in diurnal distribution and 
vertical m igrations were fo r the m ost part no t apparent. 
M any o f  the species were p resen t throughout the sampled 
w ater colum n during both day and night, although often with 
a  tendency for the  bulk  o f  the population to occupy distinct 
depth horizons above, o r below  100 m. Thus, in sum m er £>. 
fo rc ipa tus  in particular dom inated the top 60 m, w hilst E. 
antarctica  and M etridia  spp. had distributions centred on the 
low er part o f  the w ater colum n. However, many o f  the 
younger copepodite stages o f  a  given species showed distri
butions increasingly centred nearer the surface e.g. M etridia  
spp., C. acutus and R. gigas.

In w inter, w ith only th ree depth horizons fished, vertical 
resolution w as less than in sum m er. The overall, patterns, 
how ever, w ere broadly sim ilar w ith D. forcipatus  being 
m ore abundant nearer the surface than the other species and
E. antarctica  and P. robusta  occupying deeper horizons. 
Again younger copepodite stages tended to be distributed 
higher in the w ater colum n, e .g . R . gigas, E. antarctica  and

SUMM ER CRUISE JB 0 7
C Q P E P O D  B IO M A S S  g  d w /1 0 0 0 m *  N O N  C O P E P O O  B IO M A S Sg  dw/IOOOm*
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P. robusta. D iurnal differences w ere generally  m ore m arked 
than in sum m er, w ith the later stages o f  E. antarctica  and P. 
robusta, and adu lt fem ale Aí. lucens, tending to  b e  found 
closer to the surface a t night. V ertical migration was m ost 
clearly seen in both cruises am ongst the M ysidacea. (F ig . 7).

In sum m er, A. m axim a  w as not found a t all in the top 100 m 
during daylight and M ysidetes  spp. hardly a t all. A t night, 
how ever, in both  cases the m edian depth o f  the population 
had risen  to betw een 70  and 90 m and their presence in 
significant num bers w as apparent right up  to the surface. A.
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ohlinii, in  contrast, occurred deeper during bo th  seasons. 

Life histories

T he principal seasonal differences in the reproductive status 
o f  five o f  the dom inant copepod species can  b e  seen by 
comparing developmental stage distributions (Fig. 8). Notable 
am ongst these are C. acutus  and M etridia  spp. w hich had a 
higher proportion o f  m ales in the population during winter

and R . g igas  w hich, in sum m er, had a  high proportion o f  
adult fem ales and naupliar stages. The m edian develop
m ental stage o f  all five species is  g iven  in Table III. Species 
w ith  a  generation tim e o f  one year (m ost Antarctic copepods 
studied to date (Andrews 1966, Marin 1988)) can b e  expected 
to  be b iased towards later copepodite stages and adults the 
closer they ge t to reproducing. T he probability  that younger 
stages a re  no t being quantitatively sam pled by the nets will 
bias estim ates but this m ay b e  offset in som e cases by nets 
tending to sam ple proportionately m ore of the depth range

a
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inhabited by younger stages (F igs 5 -7 ) . F o r C. acutus and 
M etrid ia  spp. the dom inance o f  later stages and the presence 
o f  a  high proportion of m ales in the  population indicates that 
spaw ning was starting  in la te  w inter. R. g igas  on the other 
hand, had a population dom inated  by adult fem ales in 
sum m er. This, and the presence o f  naupliar and younger 
copepodite stages, indicated tha t reproduction had only ju st 
started  in  January. D ata for E . antarctica  a re  equivocal and 
W ard &  Robins (1987) have dem onstrated that th is species 
has a t least two periods o f  reproduction throughout the year. 
D . fo rc ipa tus  fe ll m idway betw een  the extrem es observed 
for C. acutus and R. gigas.

D iscussion

D uring sum m er Zooplankton biom ass in Cum berland E ast 
B ay w as high. C om parable data fo r other coastal areas in 
A ntarctic w aters a re  rare. C hojnacki &  W eglenska (1984) 
analysed Zooplankton abundance and biom ass in Ezcurra 
In le t (K ing G eorge Island, South Shetland Islands) during 
sum m er 1977/78 and found levels o f  both w ere variable but 
generally  low (copepod abundance w as 1-480 n v \  biom ass 
0 .0 3 -1 6 5  m g n r 3). C om parable or greater levels than found 
in  Cum berland E ast B ay occu r in  som e N orwegian and 
C hilean fjords during the sum m er period o f  production 
M atthew s & H eim dal (1980). In A ntarctic oceanic regions 
H opkins (1971) has dem onstrated that in the W est W ind

D. fo rc ip a tu s

I  ÏÏ ni

C, a c u tu s

~  ” i  u mLU
o

Q  5 0 ft g ig a s

I "  j á .
al 0 n a  r  T n n r s s i f l z ß - -

50

25

50

25

£  a n ta rc tic a

i n  m  12 Y

M e trid ia  spp.

, 4 , j
I  n  'm ’E  I  M.l'M.dTZli'

-w in s

SUMMER CRUISE JB07

50  D. fo rc ip a tu s

C. a c u tu s

I  IT m E  I

ft g ig a s

NA I  n

£  a n ta rc tica

M e tr id ia  spp.

.gTlo-

F ig . 8 .  Developmental stage structure o f populations o f  the five 
dominant copepod species found during summer and winter 
surveys in Cumberland E ast Bay. + =  presence at <1%. Mg 
=  M etridia gerlachei, M l =  M etridia lucens.

T a b le  I I I .  M edian  developm en ta l s tag e  o f  th e  f iv e  dom inan t species o f 
copepod in  C um berland  E ast B ay  du ring  sum m er and  w inter. CI-CV  
an d  adult fem ales and  m ales sco red  1 -7  respectively .

W in te r  m edian 
developm en ta l stage

S um m er m edian 
developm ental stage

D repanopus fo rc ip a tu s 6.25 5.35

C alano ides  acu tus 6.33 5.03
R h in ca la n u s  g ig a s +  4 .45 6.15

E uchaeta  an tarctica 4.37 5 .15

M etrid ia  spp. 5.17 4.19
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D rift biom ass levels in the upper 1000 m south o f  th e  Polar 
F ront a rc  between 2.1 and 2.7 g  dw nv2; o f  which, during the 
sum m er months, approximately 50% was found in the surface 
250 m and during w inter 10-20% . A later study, (H opkins 
1985) during autum n in C roker Passage indicated slightly 
higher levels (3.1 g dw n r2) for Zooplankton in the 1-15 mm 
size range. C om parativeestim atesforC um berlandE asiB ay  
can be obtained by exam ining the copepod fraction (Table I) 
w here levels are 8 .6  g  dw m  2 and 2 .2  g  dw m 2 integrated 
over 0 -2 2 0  m and 0 -2 0 0  m  during sum m er and w inter 
respectively. Biomass levels are thus relatively high compared 
w ith A ntarctic oceanic regions.

The species com position a t  South G eorgia during both 
seasons reflected a  w ide range o f  taxa, m any o f  which 
display a  preference for widely different habitat types within 
the open  ocean. T hus, in addition  to the m ajor expected 
neritic com ponents, (D. fo rc ipa tus , M ysidacea) w e find 
epipelagic seasonal m igrants, (C . acutus, R . gigas) and non- 
seasonal m igrants (Clausocalanus  spp.. O ithona  sp.) as well 
as m esopelagic elem ents. Species com position w as broadly 
sim ilar during both periods although the  relative abundance 
o f  species in som e cases show ed m arked seasonal changes 
(Table II). D espite such changes the sam e five species 
dom inated the copepod fauna during both periods (Table III) 
and M ysidacea dom inated the non-copepod fraction.

In  oceanic areas, th e  relative seasonal abundance and 
biom ass o f  a  species is likely to change in  response to a 
num ber o f  factors. These include the tim ing o f  reproduction 
and the ability o f  the nets used to  retain  younger stages. In 
addition to  these, in fjords and nearshore areas, advective 
processes are likely to  be m ajor factors influencing Zoo
plankton communities. Hart (1934) studied the phytoplankton 
o f  C um berland E ast Bay over the sum m er o f  1930/31 and 
concluded that the fjord was characterized by continual, 
often rapid w ind-driven movem ents o f  the surface layers and 
by the am ount o f  fine inorganic m aterial suspended in  the 
water. These factors were invoked for the relatively 
im poverished phytoplankton levels found during h is survey. 
S im ilar physical condition prevailed in Ezcurra Inlet 
(Pecherzew ski 1980), and although sum m er copepod 
abundance and biom ass w ere coincident w ith  peaks of 
phytoplankton abundance (Chojnacki &  W eglenska 1984), 
w ater exchange w ith Bransfield S trait w as thought to control 
abundance o f  the dom inant calanoids. A tkinson &  Peck  (in 
press) have review ed the d istribution o f  Zooplankton in 
relation to  the South G eorgia she lf and conclude that, on the 
basis o f  species com position and abundance, hydrological 
exchanges betw een shelf and oceanic w ater bodies are 
relatively slow. This does not exclude thepossibility  o f  fine- 
scale changes such as w ind-driven and tidal movements 
influencing the fjord com m unity but m ay indicate that, 
under norm al circum stances, significant changes in species 
abundance and biom ass will no t b e  subject to short-term 
fluctuations.

Seasonal differences in abundance w ere usually m ost

extrem e for the ra rer species (usually present in one season 
bu t absent in the other) although many o f  the species 
dom inating biom ass show ed high (1 -27  fold) levels of 
variation. S om e o f  th is can be attributed to  reproduction and 
species w ith high rela tive sum m er abundance, e.g. C. acutus, 
D . forc ipa tus, had, o r  w ere in the process o f  spawning. 
Indeed, the observed sequence and timing o f  reproduction o f  
a t  least two o f  the dom inant species (C. acutus, R . g igas) 
agrees well w ith previously published accounts (Andrews 
1966, V oron inaera /. 1978). In neither season, how ever, was 
the en tire  w ater colum n sam pled, and in the case  o f  som e 
seasonally m igrating species, a  proportion o f  the population 
may have been overw intering below  the level fished by the 
nets. Certain other species w ere more abundant in w inter 
and these cases m ay be linked to m acroscale changes in the 
circulation pattern observed around South G eorgia during 
1983. A tkinson &  Peck (1988), in a  survey o f  Zooplankton 
around South G eorgia, have indicated that during w inter 
1983 the P olar Frontal Z one had moved south and lay across 
the general area resulting in  increased influence o f  sub- 
antarctic surface w aters. T h is resulted in A ntarctic epi
pelagic species (e.g . E. superba) being replaced by sub- 
antarctic o r cosm opolitan ones. Species w ith increased 
abundance in C um berland E ast B ay during w inter included 
Calanus sim illim us, P. robusta  and M etridia lucens, all m ore 
typical o f  subantarctic w aters. N o com parable data ex ist for 
the sum m er survey but the presence o f  Euphausia superba 
around the island during 1987 (British A ntarctic Survey, 
unpublished) may b e  indicative o f  a  more usual epipelagic 
A ntarctic fauna.

D uring both the seasons studied  a  number o f  m esopelagic 
species w ere present in a t South Georgia. O f  the 25 genera 
and species o f  copepod identified, a t least seven are 
mesopelagic. Their presence in the fjord is puzzling. Atkinson 
& Peck (in press) have show n tha t during sum m er and w inter 
surveys m esopelagic species w ere greatly depleted in South 
G eorgia she lf w aters and Hardy & G unther (1935) also 
indicated tha t deep-w ater form s were rare. Their presence 
may perhaps be best explained by either local upw elling o f  
deep-w ater a t som e tim e p rio r to our surveys, or, that being 
vertical m igrators, they m ay have been carried onto  the shelf 
a t night and thence into C um berland East Bay. Chojnacki & 
W eglenska ( 1984) report a  sim ilar phenom enon occurring in 
E zcurra Inlet w ith bathypelagic species being encountered 
a t night.

T he gelatinous com ponent o f  the zoöplankton mainly 
comprised carnivorous Ctenophora and Scyphomedusae which 
despite their restricted distributioas were prominent, especially 
in sum m er. Large stocks o f  m edusae and ctenophores a re  a 
com m onplace seasonal occurrence in fjords and population 
growth can  b e  high under suitable conditions (H untley & 
Hobson 1978, T urner e t al. 1983). The high sum m er levels 
o f  abundance o f  early copepodite  stages in the surface layers 
o f  C um berland E ast B ay m ay provide the necessary food for 
these organism s to flourish.
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