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Abstract

Seasonal and spatial variations in the population structure and life cycles o f 
5 Antarctic copepod species -  Calanoides acutus, Calanus propinquus, Rhincalanus 
gigas, Metridia gerlachei and Euchaeta antarctica -  have been reconstructed from 
analyses o f sets o f vertically-stratified zooplankton samples taken with a 200 /z-mesh 
net by day and by night during 3 austral seasons (summer, 1985-1986, autumn 1988 
and winter 1989) from the 1200 m deep Croker Passage off the Antarctic Peninsula. 
Developmental stages from C l to adults were enumerated. Sex ratios were deter
mined in M. gerlachei from C5 to adults, in E. antarctica from C4 to adults, and 
in other species in adults only.

Seasonal changes in the relative depth distribution and abundance o f the vari
ous stages were used to compare the population dynamics o f these 5 copepods. The 
life span o f C. acutus is less than one year while C. propinquus can live for even 
more than a year. The population o f R. gigas shows the occurrence o f 2 genera
tions per year. Multiple generations are noted for M. gerlachei, while E. antarctica 
shows a single reproductive peak in the winter followed by the growth o f a single



generation. The seasonal portioning o f vertical space in the water column is very 
important for copepods with different food requirements. The spatial separation 
eliminates competition not only between species but among their developmental 
stages as well. These population characteristics are related to other aspects o f the 
ecology o f polar zooplankton.

1. Introduction

The pronounced seasonality of such physical phenomena as the inten
sity of ice processes, low temperatures, pressure systems, and almost total 
darkness for several months of the year is a factor affecting, among other 
things, the nature of the water masses and current systems in polar regions, 
and in turn is a primary determinant of life processes in the pelagic waters 
of these regions (Conover and Huntley, 1991). In the Antarctic ecosystem, 
the zooplankton consists principally of phytophages whose biology is deter
mined by the abundance and frequency of phytoplankton blooms (Voronina 
and Sukhanova, 1976; Schnack, 1985; Schnack et al., 1985; Voronina, 1984). 
Because of the severity of the environment, plankton studies in the Southern 
Ocean are usually carried out in the austral summer. Research stations are 
located mainly in open waters and are equipped to study the surface, the top 
100 m or the 200-300 m layers of water dominated by phytophages such as 
Calanoides acutus, Calanus propinquus, Calanus simillimus or Rhincalanus 
gigas (Hardy and Gunther, 1935; Mackintosh, 1934, 1937; Ottestad, 1932; 
Ommanney, 1936; Foxton, 1956; Andrews, 1966; Nakamura and Kadota, 
1982). The nature of the horizontal and vertical distribution of copepods, 
their frequency of occurrence and numbers reflect the structure of the wa
ter masses, the abundance of food resources, and hence, the age structure 
of the populations (Voronina, 1972a,b; Jażdżewski et al., 1982; Żmijewska, 
1987, 1988; Marin, 1987; Menshenina and Rakusa-Suszczewski, 1992; Bath- 
mann et al., 1993). There are undoubtedly many other factors affecting the 
rate of individual growth and the number of generations per year, e.g. local 
environmental conditions or intensity of competiton for food.

In recent years fresh hypotheses on the life cycles of Calanoides acutus, 
Calanus propinquus, Calanus simillimus or Rhincalanus gigas have been put 
forward in the world literature (Marin, 1988a,b; Fransz, 1988; Atkinson, 
1991; Huntley and Escritor, 1991), which depart to varying degrees from 
the model of asynchronic development of Antarctic phytophages elaborated 
by Voronina (1972a,b, 1984). The adaptive mechanisms of copepods with 
other trophic requirements or living in deeper waters, of predators, or even of 
omnivores not directly dependent on the extent of phytoplankton growth, 
will differ from those of the phytophages. Our knowledge of the biology 
and ecology of species such as Metridia gerlachei or Euchaeta antarctica 
appears to be incomplete; both of them make up a sizeable proportion of the



zooplankton biomass, particularly in the high Antarctic (Hopkins, 1985a,b; 
Witek et al., 1985).

It is the aim of this paper to explore the life cycles of the very abundant 
Copepoda and to assess the extent of inter- and intraspecific interactions. To 
do this, 5 copepod species with different feeding requirements were chosen: 
three are phytophages — Calanoides acutus, Calanus propinquus and Rhin- 
calanus gigas, one is omnivorous -  Metridia gerlachei, and the fifth is the 
predatory Euchaeta antarctica. The research material comprised plankton 
samples taken in summer, autumn and winter in Croker Passage, which is 
situated on the west coast of the Antarctic Peninsula, in the Pacific Ocean 
sector.

2. Materials and methods

Three field seasons were spent working in the Antarctic Peninsula re
gion. Between December 1985 and February 1986, February to April 1988, 
and June to August 1989, zooplankton samples were taken by the research 
vessel ‘ Polar Duke’ in Croker Passage (64°50' S, 61°50' W ). A single-level 
opening-closing net, consisting of two nets with mesh sizes of 500 ^m and 
200/zm attached side by side, with square mouth openings of 0.5m 2, was 
used to collect zooplankton in oblique hauls. The closed net was lowered to 
1000 m, opened and retrieved at lOmmin-1 at a ship’s speed of 1-2 knots. 
At 600 m, the net was closed and brought to the surface at 20mmin_1 . The 
collecting time from 1000-600 m with the open net was 40 to 50 minutes 
followed by an additional 30 minutes for the net retrieval. Go-flo flowmeters 
were positioned in the mouths of both nets.

Two replicate day/night vertical series were taken, sampling the fol
lowing discrete depth horizons: 0 -50m , 50-100m , 100-200m, 200-400m , 
400-600 m, 600-1000 m or 1200 m. In order to obtain a complete series dur
ing the short days of winter or short nights of summer, more than two 
days and nights were needed. The replicated vertically stratified series were 
taken 6 times, twice in the summer (mid-December, late January), twice 
in the late summer-autumn (March, April), and twice in the winter (early 
June and late July) (Tab. 1). These samples were preserved immediately in 
sodium borate-buffered formaldehyde.

In the laboratory copepod counts were done of a known fraction of the 
total sample (1 /2 -1 /6 4 ) using a Motoda box splitter (Motoda, 1959). For 
the stage composition, specimens were counted in samples taken with the 
finer-mesh net (either 150 ̂ m or 250 /xm). The population structure (%) was 
calculated as the average of the total abundance from all depth intervals 
of two replicate day/night series. All copepodite stages of M. gerlachei, 
E. antarctica, C. acutus, C. propinquus and R. gigas were counted as well as
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Table 1. Station list from Croker Passage (64°50' S, 61°50' W )

Season Date No. o f hauls 
day night

No. of 
samples-

summer 09.12.1985 1 - 7

17.12.1985 1 1 13

29.01.1986-
31.01.1986 1 1 16

autumn 02.03.1988-
04.03.1988 2 2 25

13.03.1988-
14.03.1988 1 1 16

12.04.1988-

14.04.1988 1 1 15

winter 19.06.1989-
23.06.1989 1 1 15

29.07.1989-
31.07.1989 1 1 9

02.08.1989 1 - 1

Table 2. Light cycle and temperature regime

Sampling Period o f From To Surface Temperature 
period_________ darkness [h] local time temp. [°C] at 800m [°C]

12 Dec. 3 0000 0300 2 0.2
29-31 Jan. 5 2300 0400 0.2 0.3
3-6 March 10 2000 0600 0.8 -1
mid-April 13.5 1730 0700 -0 .4 -1
late June 19 1500 1000 -1 .3 -1
late July
early August 15 1630 0930 -1 .3 -1



the nauplii of the last species. The sex ratio was determined in Metridia 
gerlachei from C5 to adults, in Euchaeta antarctica from C4 to adults, and 
in the other species in adults only. The population structure of the 5 copepod 
species is given as a relative figure (% ). Diel changes in stage-abundance 
distribution were calculated in ind. m-2 .

Light cycle and temperature profiles were measured parallel to the three 
years of sampling (Tab. 2). The change in light intensity was recorded on 
a Campbell scientific date logger with a Licor quantum sensor oil deck. Light 
intensity was reported as a percentage of the midday intensity. Temperature 
profiles were taken by shooting XBTs down to 800 m or, during the winter 
cruise, by lowering CTD profiles.

In general, throughout the study period, Croker Passage was isothermal, 
showing little differences in temperature from near the surface right to the 
bottom.

3. Environment

Croker Passage is situated between Gerlache and Bransfield Straits ad
jacent to the Antarctic Peninsula (Fig. 1). Samples were taken in the area 
between 63°52/ -  64°50' S and 63°30' -  61°50/ W , over one of the large 
central depressions in the passage, in the deepest place off the west coast 
of the Antarctic Peninsula. The comparatively shallow waters around Cro
ker Passage provide access to mesopelagic water from the open Southern 
Ocean. Croker Passage is surrounded by a number of islands; in the west 
by Hoseason I., Liege I., and Brabant I., in the east by the Christianid Is. 
and Two Hummock I. The geographical location of Croker Passage makes 
it a very quiet area where investigations can be done at practically any 
time. As in the southern part of Bransfield Strait the water masses of Cro
ker Passage are varied: warmer waters of rather lower salinity originating 
from the Bellingshausen Sea, and colder, more saline waters with character
istics similar to those of the Weddell Sea (Gordon and Nowalin, 1978). The 
latter flow from the Weddell Sea along the Antarctic Peninsula as far as 
Trinity I., where the waters flowing through Gerlache Strait into Bransfield 
Strait probably mix (Clowes, 1934). In summer, a narrow current flows from 
the Bellingshausen Sea through the western part of Bransfield Strait, but 
a south-westerly current carrying waters from the Weddell Sea waters was 
recorded off the northern shores of the Antarctic Peninsula (Grelowski and 
Tokarczyk, 1985). In winter, the influence of Weddell Sea water can be less 
significant than in summer (Eicken and Lange, 1989).



Fig. 1. Area o f zooplankton sampling stations in Croker Passage, Antarctic Penin
sula, during 3 austral seasons (1985-1989)



4. Results

4.1. Seasonal changes in population structure

High or low abundance is usually a reflection of population dynamics 
in copepods. Figs. 2.1-5 show the population structure of the 5 copepods 
studied. The proportions of each stage during 6 months were calculated from 
averages taken from the day/night estimates of population abundance.

By mid-December (the first season sampled), very early juveniles (C l)  
were present in the C. acutus population. This was dominated by C2 
(51.9%); C4 was absent. About 20% of the population comprised late juve
niles (C5) and adults. The early juveniles represented the new generation 
of this year while the older stages in the population represented the resid
ual overwintering generation. By January, the older stages (<  20%) had 
practically disappeared, while the new generation was represented by an 
equal number of 3 copepodite stages -  C2, C3, C4 (>  80%). In autumn 
(March, April), about 90% of the population consisted of C4 and C5. In 
winter (June, July) the young stages were practically absent, while the late 
copepodite stages were dominant: C4 made up nearly 30%, C5 over 45% and 
C6 20% of the total population. Later in winter, the abundance of adults 
decreased. Possible reasons for this could include mortality or advection.

C. propinquus exhibited a similar age structure to that of C. acutus but 
the latter was more advanced by one copepodite stage. In summer, early 
juveniles of C. propinquus were dominant, while adults constituted less than 
20% in December and 3% in January. Later in the season, the dominance 
shifted to the older copepodite stages and adults representing the new gen
eration. In contrast to C. acutus adults, which disappeared in mid-summer, 
C. propinquus adults were found throughout the whole sampling period. 
Furthermore, the continuous presence of early juveniles, (C2 and C3 during 
June made up 15% of the total population) suggested that the develop
mental time per stage is longer in C. propinquus than in C. acutus, but on 
the other hand C. propinquus may begin its reproductive cycle later than 
C. acutus. During winter, late stages were dominant: the total population 
included about 58% of C5 in June, and of C5 62% in July; adults were 
increasing in number.

In December, the population of the R. gigas was dominated by C5 (35%) 
and adults (28%); less than 5% of the population consisted of early juve
niles (nauplii, C l, C2). But a month later, in January, the population was 
dominated by nauplii (40%) and the youngest copepodite stages (C l, C2), 
although adults were still present (more than 10%).



Fig. 2.2 Calanus propinquus population structure (% ) in Croker Passage during 
3 austral seasons

Fig. 2.1 Calanoides acutus population structure (% ) in Croker Passage during 
3 austral seasons



Fig. 2.3 Rhincalanus gigas population structure (% ) in Croker Passage during 
3 austral seasons

Fig. 2.4 Metridia gerlachei population structure (% ) in Croker Passage during 
3 austral seasons
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Fig. 2.5 Euchaeta antarciica population structure (% ) in Croker Passage during 
3 austral seasons

By early autumn, in March, the new generation had increased to such 
an extent that C2 and C3 (40%) were now dominant. Adults of R. gigas 
were present during the whole sampling period in numbers greater even 
than those of C. propinquus.

In winter, the population of R. gigas was represented by the new gene
ration -  nauplii (<  3%) and C1-C3 (ca. 65%); the overwintering generation 
was in the minority. By July C3, C5 and adults had increased in number.

The research of 3 sampling seasons proved that the population of M . ger- 
lachei consisted of two generations. In mid-December the bulk of this pop
ulation was dominated by older stages, mainly adults (62%). By the end of 
January, the older copepodite stages had practically been replaced by juve
niles of the new generation (C l -  11%, C2 -  47%, C3 -  28%). In autumn 
(March, April), similar changes in the population structure of M. gerlachei 
were observed. In April, the proportion of older stages (mainly C5 and 
adults) and early ones were the same (both 45%). Spermatophores were 
only noted in December and at the end of April. In winter the majority 
of the population consisted of significantly older stages. During this period 
the numbers of adults increased with the input from the growth of younger 
stages. There were two peaks of C l abundance -  in January and April, 
which was evidence of a multiple spawning period.



In contrast to M. gerlachei, the population structure of E. antarctica has 
only one generation. Almost 95% of the summer population was represented 
by the new generation (C1-C3) with C2, C3 predominant in December and 
C3, C4 in late January. In autumn (March 1988) the age structure was 
dominated by C4 (45% ), in mid-April, 6 weeks later, by C5 (54%). At the 
beginning of the winter sampling, in June, the older stages (mainly C4, C5 
and adults) made up more than 70% of the population. By July, not only 
had the relative abundance of C4, C5 and adults changed slightly, and the 
density of adults increased significantly (almost twofold), but the youngest 
copepodite stages (mainly C l) of the new generation were appearing as well.

5. Diel vertical stage distribution

The seasonal diel vertical migrations of all stages of these 5 copepod 
species are shown in Figs. 3.1-5.

In summer (December) the day/night distribution of the early stages 
of C. acutus were similar. They were concentrated close to the surface. 
However, the day/night distribution of the older stages was different. C5 
and females (<10 ind. m-2 ), found at greater depths at night, appeared 
to migrate during the day. C1-C3 occurred in the upper 100m, very few 
adults were still below 400 m. In April no early stages were present except 
for a few C3, 83% of them in the 0-50 m layer. The dominant stage was C5, 
with more than 1000 ind. m-2 in the deepest layer. Abundance increased 
logarithmically from the surface to its greatest level near the bottom. The 
first appearance of adult females was noted below 500 m. In winter, as in 
late autumn, no C l or C2 were present, and C3 and C4 were found higher up 
than C5 and adults. The number of C3 was below 100 ind. m- 2 . The density 
of C4, C5 and females was about 1000 ind. m~2, while that of males was 
much less, about 10 ind. m-2 . C3 and C4 exhibited slight daytime upward 
migration; C5 and adults were less active.

The pattern of day/night stage distribution in C. propinquus was similar 
to that of C. acutus, but in summer (December), in contrast to the latter, 
the population of C. propinquus lay deeper at night. Males and females of 
C. propinquus were also present in the upper 100 m layer. Abundance of all 
stages and at all depths were very low (<10 ind. m-2 ). In autumn (April), 
the abundance of C. propinquus, especially of C 2-C 4, increased tenfold, and 
the population remained above 300 m both by day and by night; females, 
however, were found below 500 m. C5 and C6 stages were still at a very low 
abundance ( ca. 10 ind. m-2 ). From autumn to winter dominance within the 
population shifted from C4 to C5, the density of females increased tenfold 
and males appeared. In June, by day, the C. propinquus population remained 
close to the surface, while at night all stages avoided the 0-50 m layer.



The age structure and the day/night stage distribution of R. gigas 
seemed to be more variable than that of C. acutus or C. propinquus (Figs. 
3.1-3). In December R. gigas was dominated by the overwintering stages -  
C4, C5 and adults, which ascended to the surface layer by day like C. propin
quus, but the majority of C4 and C5 remained at middle depths. Spawning 
took place in the upper 200 m layer, where the youngest stages, females and 
a few males occurred. In autumn, all stages except females (<10 ind. m-2 ) 
were present in very low numbers, ca. 10 ind. m-2 . The early copepodites 
(C1-C3) were found at shallower depths than the oldest (C5 and females). 
In winter, the age structure seemed especially variable. Two generations 
were present. The new one, with dominant C2 and C3, was located above 
500 m, preferring the eupliotic zone by day; the old generation avoided the 
surface and occurred mostly below 450 m.

The seasonal diel vertical migration of all stages of M. gerlachei is illus
trated in Fig. 3.4. In December, all stages were present, but at a relatively 
low abundance. No significant differences in day/night distribution of early 
copepodites were noted but the oldest, with the exception of males, ap
peared to be close to the surface at night. At the end of January, by day, 
the youngest stages -  C1-C3 (72%) as well as C4, C5 and adults occupied 
the 200-500m layer. At night all stages, including the males, ascended to 
the upper layer, while by day, all stages except C5 avoided the layers above 
100 m. In March, a small fraction of the main cohort (C 3-C 5) and females 
ascended 100 m higher at night than by day, unlike C l and C2 . In April, no 
evident differences were observed in the dispersion of juveniles and adults, 
but the whole population lay closer to the surface than in the previous 
month and C l, C2 seemed to be more active than in March, moving up to 
the surface at night. In winter the whole population, including males, rose 
to the top layer, but a few of the youngest stages remained near the surface. 
None of the stages exhibited any distinct daily migratory movements. Dur
ing the 3 study seasons males always stayed deeper than females and their 
abundance increased with depth.

The age structure of E. antarctica differed from that of the other species. 
In summer its population was almost exclusively represented by the new gen
eration, occurring below 100 m. Diel migrations were not observed. At the 
beginning of March, late juveniles evidently migrated, unlike the youngest 
copepodites, which remained in the same position by day and by night. In 
April the daily migrations seemed to be less pronounced. The abundance 
of the later stages increased with depth, except for a few C l, C2 (<  100 
ind. m-2 ) which were found mostly above 300 m. Spawning began during 
this month, the abundance of males and females was very high: there were



Fig. 3.1 Diel changes in stage-abundance distribution (ind. m 2) o f  Calanoides acutus in Croker Passage during 3 austral season (N = night; D = day)

Ju
ne

 
19

89
 

A
pr

il
 

19
88

 
D

ec
em

be
r 

19
85





Ju
ne

 
19

89
 

A
pr

il
 

19
88

 
D

ec
em

be
r 

19
85

Fig. 3.2 Diel changes in stage-abundance distribution (ind. m 2) o f Calanus propinquus in Croker Passage during 3 austral season (N = night; D = day)
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Fig. 3.B Diel changes in stage-abundance distribution (ind. m 2) o f  Rhincalanus gigas in Croker Passage during 3 austral season (N = night; D = day)
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Fig. 4.1 Changes in the male and female ratio o f Euchaeia antarctica by day in Cro- 
ker Passage during 3 austral seasons (ind. m ~2; numbers (% ) o f spermatophores)
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Fig. 4.2 Changes in the male and female ratio o f · Euchaeta antarctica by night in 
Croker Passage during 3 austral seasons (ind. m - 2 ; numbers (% ) o f spermatophores)
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ca. 150 male ind. m-2  and twice as many females. 50% of females were 
found with eggs and 25-33%  of the males had spermatophores (Figs. 4.1-2). 
At the beginning of winter, more than 50% of females were found with egg 
sacs and spermatophores, 33% of the females were carrying spermatophores, 
and more than 50% of males had spermatophores. At this time the early 
stages were located at shallower depths than the later ones and displayed 
a tendency to migrate to the upper zone at night, while the deepest layer 
was occupied by males and females. It should be added that males, usually 
living in the deepest water, spread into the whole water column at the end 
of July (Fig. 3.5). During the following winter sampling period the number 
of females with egg sacs decreased significantly and only one male with 
spermatophores was found (Figs. 4.1-2).

6. Discussion

The vertical and horizontal distribution of these copepods is a reflection 
of their population structure. The spatially and temporally varying numbers 
and age structures of C. acutus, C. propinquus, R. gigas, M . gerlachei and 
E. antarctica in Croker Passage point not only to interspecific differences 
but also to intrapopulational variations.

The most numerous of the phytophages, C. acutus (Żmijewska and Yen, 
1993), was distinctive in that its individual development reached a relatively 
advanced stage.

In early summer, i.e. the first 10 days of December, the C. acutus popu
lation was concentrated in the top 100 m layer and was bimodal. The abun
dance of phytoplankton at this time (my own observations) must have pro
vided excellent feeding for the females, as less than two weeks later the 
population was dominated by the youngest copepodites (C2) of the new 
generation. The relatively small proportion of C l in the population, not 
only of C. acutus but of the other species too, could have been due to the 
net mesh being too large (150 or 200/xm) to retain the smallest develop
mental stage. The remnants of the winter population, represented by the 
oldest copepodite stage and adults, stayed in deeper waters. In December 
a significant proportion of males (2.26-1.84%) were found to be concen
trated below 300 m, although some were netted in surface waters, as hap
pened during a similar period in Bransfield Strait (Żmijewska, 1985). The 
literature only sporadically records the presence of C. acutus males; even 
Andrews (1966) makes no mention of them in his extensive monograph. The 
male of C. acutus was first described by Vervoort (1965); the presence of 
males was subsequently reported by Vladimirskaya (1978) in the Scotia Sea. 
More reports of males have appeared recently. At the end of winter, Marin 
(1988b) recorded over 60% males in deep hauls from some stations around



South Georgia. Schnack et al. (1991) have also recorded males in the Wed
dell Sea: they were concentrated in the 500-1000 m layer, but were found in 
very early spring. In Croker Passage males had disappeared by the end of 
January, the significance of the dominant C l and C2 fell by 1 /3  in favour 
of C3 and the development rate from C2 to C3 was 0.9% of the hemipop- 
ulation per 24 h. Adult mortality was estimated at 0.2%. In early autumn 
the C. acutus population was polymodal with a predominance of C4 and 
C5 copepodite stages, and at this time the most advanced developmental 
stages were beginning to leave the surface waters. By April, when surface 
water temperatures had fallen to below zero, 95% of the population con
sisted of C4 and C5 stages and the C4-C5 development rate peaked at 1.5% 
per 24 h. The overwintering population inhabited meso- and bathypelagic 
waters; females comprised, an average, ca. 10% and males ca. 1.5% of the 
population. The C5 -  adult development rate was estimated at ca. 0.3% per 
24 h.

These data suggest that C. acutus has a one-year life cycle. The presence 
of males and females in the winter population and the first signs of their 
death, observed by me in late July, appear to indicate that fertilization 
begins already in winter in warm, deep waters, and that it is a protracted 
process -  the presence of males and females until the end of January is 
evidence of this. Marin (1988a) and Schnack-Schiel et al. (1991) express the 
view that fertilization in C. acutus must take place in winter, during a very 
short period of time, since the males, which do not possess any mouthparts 
(Vervoort, 1951; Bradford, 1988), cannot live very long. In winter, the first 
fertilized females produced eggs, which remain in a dormant state until the 
spring. The egg dormancy phenomenon has been described by Zilloux and 
Gonzalez (1972) in Arctic species. Huntley and Escritor (1991) are of the 
opinion that spawning of C. acutus in the vicinity of the Antarctic Peninsula 
must occur earlier than Andrews (1966) believed, i.e. in November.

The present results from Croker Passage, as well as earlier ones (Voro
nina et al., 1978), indicate that in winter individual development continues, 
whereas Schnack et al. (1991) consider that it goes into a diapause, as is the 
case with Arctic copepods of the genera Calanus or Neocalanus (Conover, 
1988).

The population dynamics of the second phytophage species, C. propin- 
quus, are more varied. In summer it was more widely dispersed in the 1000 m 
water column than C. acutus. While ,C2 stages were dominant in both popu
lations, the proportion of adults remained high, twice as high as C. acutus, in 
fact; moreover, males and females were recorded in early autumn. With the 
elapse of time, the developmental stages ceased to be synchronic: C. propin- 
quus fell behind in its development by a whole copepodite stage. Unlike



C. acutus, it remained in surface waters in autumn. In winter, much of the 
C. propinquus population descended to deeper waters but a part remained 
in the upper layers. The development rate from C5 to adult, estimated at 
0.83% of the hemipopulation per 24 h, was much higher than during the 
analogous period for C. acutus.

According to Voronina (1975, 1977, 1984), interzonal species overwinter 
at depths below 500m, and the females are fertilized there. The winter dis
tribution of C. propinquus, in Croker Passage was not so unequivocal: there 
were two population peaks in the water columns. Marin ( 1988a,b) observed 
that in winter C. propinquus tends to inhabit the entire water column and 
thus questioned whether this species undergoes any ontogenetic migrations 
at all. Vladimirskaya’s (1978) winter studies revealed concentrations of this 
species in the 500-1000 m layer, but a few individuals were found near the 
surface. A similar vertical distribution in winter was described for Calanus 
species from the northern hemisphere (Hirche, 1983; Flaminger, 1985).

The summer population of C. propinquus is bimodal to a greater degree 
than that of C. acutus. The fact that adults were present for a longer time 
and exhibit no particular depth preference indicates that fertilization can 
also take place in the surface layer (Marin, 1988a,b; Atkinson, 1991).

At the same time, I believe that, like C. acutus, its life cycle is completed 
within the space of one year, even though the reproductive process begins 
later. This could continue right into early autumn, which would explain the 
presence of the large number of C3 stages in winter. On the other hand, 
it must be remembered that the relatively small numbers of C. propinquus 
require caution to be exercised in the interpretation of these results.

The largest of the copepods under discussion here, R. gigas, has a life 
cycle very different from those of the two species just described. In summer 
(December) more than 60% of the population is represented by the overwin
tering generation (C5, adult); the older generation inhabited deeper waters 
than the first copepodites of the young one, which made up no more than 
5% of the total population. At the end of January the population under
went an abrupt transformation: it was dominated by the new generation, 
over 40% of which were nauplii. Adult mortality was high at roughly 1% 
per 24 li. Beyond any doubt, spawning took place in the upper layers, as it 
was here that the nauplii and the youngest copepodite stages were caught.

In autumn the R. gigas population left the Croker Passage, although 
the fact that a very small percentage of the population remained signifies 
its bimodal population structure, C3 stages being in the ascendancy.

In winter the population structure of this species was quite different. 
Initially, at the end of June, nearly 40% of the population comprised the 
youngest copepodite stages of the new generation, congregating above and



below the 300 m isobath. C5 stages and adults of the overwintering genera
tion made up nearly 30%, and in comparison with the summer population 
picture, the proportion of nauplii was small. The following month saw the 
entire population make evident progress in its development. Atkinson et al. 
(1992) noted representatives of the new generation in the upper parts of 
the water column and individuals of the preceding generation in the deeper 
water. In the region of the Antarctic Peninsula the proportion of the new 
generation was considerable already in May (Marin and Schnack-Schiel, 
1993).

Winter spawning of R. gigas was first described by Ommanney (1936). 
Although Voronina (1970) questioned his results, later winter investigations 
in the Scotia Sea were to endorse them entirely (Voronina, et al., 1978). 
The existence of two spawning periods in R. gigas was also suggested by 
Bradford (1971), who was of the opinion that summer spawning occurred 
in surface waters, whereas winter spawning took place in the deep waters 
once the summer generation had reached maturity. Marin ( 1988a,b) thinks 
it is highly unlikly that R. gigas has two generations in one growing season, 
and on the basis of his own researches postulates a biannual life cycle.

In summer, nauplii and the youngest copepodite stages were found in 
Drake Passage a month earlier (Żmijewska, 1985), in the Scotia Sea numbers 
of nauplii peaked in late November-early December (Atkinson, 1991), and 
in the Weddell Sea they were found in September and October (Bathmann 
et al., 1993).

These data could be evidence for twice-yearly spawning in R. gigas, 
in summer and in winter. Wheather this applies to the same population 
cannot be answered unequivocally, because my studies were carried out in 
three separate years. A further aspect blurring the picture of the life cycle 
of R. gigas is the fact that it leaves the waters of high latitudes in autumn 
and returns there in winter. There is much to suggest that R. gigas is a very 
flexible species, and depending on the conditions in the two environments, 
mainly the abundance of food, may well spawn in summer and in winter; 
its readiness to spawn is usually demonstrated by the broad age spectrum 
of its populations. The following scheme of things seems possible: copepods 
of the summer generation spawn the following summer, those of the winter 
generation spawn the next winter. This hypothesis could be confirmed by 
studies at the genetic level.

This scenario for the life history of the three phytophages is based mainly 
on the food resources available in summer. In polar regions, the survival of 
every animal, not only as an individual but also as a species, regardless of 
its position in the trophic web, must exhibit a high degree of vitality, low



mortality and a constantly high level of reproduction in the overwintering 
population.

My three-year studies in Croker Passage, as well as those of Jażdżewski 
et al., 1982; Chojnacki and Węgleńska (1994), Menshenina and Rakusa-Susz- 
czewski (1992), and Żmijewska and Yen (1993), have shown that M. ger- 
lachei is one of the most numerous copepod species, and that it is present all 
the year round. The relatively insignificant temporal fluctuations in num
bers indicate that this is a genuinely Antarctic species. The question arises 
how it is that M. gerlachei is able to maintain such large numbers, practi
cally independently of the time of year. Could the factor determining the 
high numbers be diet and a high growth rate? Marin (1988b) believes that 
physical environmental factors play the deciding role, and that the avail
ability or lack of food cannot be a factor limiting the numbers of copepods. 
It seems, however, that the types of food available must be a crucial factor 
in the life strategies of polar animals. M. gerlachei can survive on a very 
catholic diet. Being omnivorous, it finds sufficient nourishment in summer, 
when it feeds on phytoplankton (Schnack, 1985; Schnack et al., 1985), in 
early spring, when it takes copepod eggs (Fransz, personal comm.), and in 
winter, when it turns to other animals, chiefly Metazoa (Hopkins, 1985a).

The following factors suggest that the life cycle of M. gerlachei differs 
from that of other copepods in Croker Passage: its vast numbers, the fact 
that throughout the study period the age structure of the population re
mained highly differentiated, and that the population was dispersed to vary
ing degrees in the entire water column. The oldest individuals, especially the 
adults, concentrated in the deepest leyers, males occurring at greater depths 
than females. This is where fertilization must take place. Evidence for this 
are single female specimens with attached spermatophores -  females in this 
state have never been caught in the surface layers. The youngest stages of 
the new generation were found in the middle depths. Females were the most 
active migrators. By contrast, it was the males that performed the longest 
diel migrations in winter. The separation of the various constituents of the 
M . gerlachei population, as in the other copepod species, is of great bio
logical significance: it reduces competition for food, and at the same time 
indicates that their diets are different.

It may be inferred from the data obtained that at least two generations -  
a summer one and an autumn one -  must exist at any one time. According to 
Vervoort (1965), M. gerlachei repreduces at the end of summer. Żmijewska 
observed spawning in Bransfield Strait in summer and in Admiralty Bay on 
King George I. (Żmijewska, 1987) at the end of winter (Żmijewska, 1992). 
In spring, it was mostly the middle copepodite stage (C3) that was most 
often caught in the eastern Bransfield Strait (Żmijewska, 1988). Kaczmaruk



(1983) reports a high proportion of the youngest stages (C 1-C 3) in the 
Weddell Sea in January and February.

These data incline one towards the conclusion that M. gerlachei is ca
pable of continual reproduction, and hence its very large population.

Though not one of the most numerous of the Antarctic copepods, 
E. antarctica is, apart from M. gerlachei and C. acutus, significant con
stituent of the plankton biomass (Hopkins, 1985a,b) if only because of its 
size; the only larger species is R. gigas. E. antarctica prefers deeper water 
-  our study confirmed this. As mentioned earlier, it is the surface layers 
in Antarctica that were most frequently trawled, where the highest con
centrations of pelagic species are to be found. Smaller numbers of meso- 
and bathypelagic copepods must have been caught, and therefore under
estimated.

My studies of seasonal changes in the dynamics of the distribution, mi
gration and population structure of Euchaeta antarctica in Croker Passage 
indicate that this species has a unique life cycle. Population structure anal
ysis shows it to have a single generation per year. Spawning must take place 
in winter in warm near-bottom waters, as is evidenced by the high pro
portion of males and females caught there, even though the first signs of 
reproductive readiness can be observed already in late autumn. In winter, 
adults were dominant at first, mainly females with egg sacs. Every third 
female had both eggs sacs and spermatophores (as many as 4 -5 ), and males 
with spermatophores were also present. At the same time, the first cope- 
podite stages of the new generation were being recorded. Later, at the end of 
July, the proportion of females with spermatophores declined, even though 
the overall proportion of adults continued to increase. By early summer 
(December) the population was dominated by the new generation with C2 
prevalent, and by the end of January C3 and C4 were predominant. In au
tumn (March) C4 made up over 50% of the population, and a month later 
more than 60% of the population were C5. The rate of moulting was very 
high and the population was bimodal.

In the region of South Georgia, Ward and Robins (1987) found two gen
erations of E. antarctica; the temperature there, 5° C higher than off the 
Antarctic Peninsula, may have been the cause. In lower latitudes spring 
begins earlier and the summer lasts longer; the metabolic rate increases 
logarithmically together with the abundance of food. In summer, when var
ious kinds of food are present in abundance, metabolic processes proceed 
rapidly, but in winter, they slow down to a very low rate (Bamstedt and 
Tande, 1988).

In summer both adults and the youngest copepodites behave like typical 
predators: females feed on the copepodites of, e.g. M. gerlachei, the preferred



size being 1200 fim. The younger developmental stages feed on smaller or
ganisms, e.g. Microcalanus pygmaeus (Yen and Hosset, personal comm.). 
In autumn in Croker Passage, Hopkins (1985a) found Oncaea spp., M . ger- 
lachei and remains of Pelagobia longicirrata in the diet of E. antarctica. In 
spring, in the southern Scotia Sea, Hopkins et al. (1993) reported finding 
mainly copepods in the gut of E. antarctica. In winter E. antarctica does not 
feed (Yen, personal comm.) At this time potential victims could be the final 
copepodite stages of e.g. C. acutus or C. propinquus, which as Halleberg 
and Hirche (1980) state, are not very mobile.

Like M . gerlachei, E. antarctica tended to perform seas< al migrations. 
The species generally displayed a preference for deeper waters. Older cope
podite stages and adults became increasingly common with depth, with 
adults occupying the deepest layers; the youngest copepods were found in 
the highest layers of its depth range. Off South Georgia, Ward and Wood 
(1988) were unable to confirm that E. antarctica undergoes ontogenenetic 
migrations. A characteristic element of the behaviour of this species are its 
diel migrations (Hardy and Gunther, 1935; Mackintosh, 1937; Chojnacki 
and Węgleńska, 1984; Hopkins, 1985b). In Croker Passage these copepods 
swam up to higher layers at night, although this vertical migration was 
not as intense as in M. gerlachei. The most active forms were the adults, 
the youngest stages less so, while the intermediate stages did not change 
their position in the water column to any extent. In winter, these diel mi
grations ceased, which suggest that this predator is then much less active. 
For its egg production E. antarctica makes use of wax ester lipids, but to 
produce its blue coloration triacylglycerides are essential (Yen and Hosset, 
personal comm.), the same ones that the winter-active C. propinquus stores 
(Schnack-Schiel et al., 1991). Even though its life activities in winter are 
less intensive, E. antarctica, like the other species discussed in this paper, 
does not go into diapause or an arrested development phase; evidence for 
this is its continuing development during this time.

7. Conclusions

The life span of C. acutus is less than one year while C. propinquus can 
live for more than a year. The population structure of R. gigas shows that 
this species has two generations per year. Multiple generations are noted for 
M. gerlachei, while E. antarctica has a single reproductive peak.

The life cycles of the herbivorous copepods are staggered. C. acutus is 
the first to reproduce; it is followed by C. propinquus and R. gigas. The 
time difference separating the copepodite stages of the various species is 
maintained throughout their life cycles, e.g. when C. acutus is at stage C5, 
C. propinquus is at stage C4.



The life histories of the five copepods analysed seem to be closely con
nected with food resources. Potential competition for food resources among 
these species is minimized by differences in diel and seasonal migration, and 
by occupancy of different depths not only by the species as a whole but also 
by their copepodite stages.

In early summer the pliytophages inhabit mainly the top 100 m layer. 
The new generation of all three species resides just below the surface; the 
overwintering generation occurs below them: first the final copepodite stages 
and adult females, and deepest of all, the males (not C. propinquus). The 
oldest copepodite stages of C. acutus are the first to begin the autumn 
migrations, and they are followed by C. propinquus. R. gigas leaves the 
coastal waters of the Antarctic Peninsula altogether. In winter C. propinquus 
inhabits the surface water, especially during the day, and C. acutus occurs 
below it. The new generation of R. gigas also occurs in the surface water; 
the previous generation of this species occupies deeper water.

The youngest stages of M. gerlachei reside in the middle depths; the 
oldest individuals, especially the adults, concentrate in deeper layers, with 
males occurring at greater depths than females; this is where fertilization 
must take place.

E. antarctica displays a preference for bathypelagic waters: the older 
stages and adults occupy the deepest layers, while the youngest copepodites 
occur in the highest layers of its depth range.

Continuous progression through the lifestages indicated that these cope
pods did not go into diapause during the winter.

Acknowledgments

I thank the officers and crew of r/v  1 Polar Duke’ and Dr. R. P. Hassett 
and J. Finn for their willing help at sea. I also thank the personnel at 
Palmer Station for providing good working conditions. My special thanks 
are extended to Dr. J. Yen for her patience in assisting me in my work and 
for her very useful advice and comments. I am very grateful to Professor 
S. Rakusa-Suszczewski for his comments on the manuscript.

References

Andrews K. J. H., 1966, The distribution and life history o f Calanoides acutus 
(Giesbrecht), Discovery Rep., 34, 117-162.

Atkinson A., 1991, Life cycles o f Calanoides acutus, Calanus simillimus and 
Rhincalanus gigas (Copepoda: Calanoida) within the Scotia Sea, Mar. Biol., 
109, 79-91.



Atkinson A ., Ward P., Williams R., Poulet S. A., 1992, Feeding rates and diel 
vertical migration o f copepods near South Georgia -  comparison o f shelf and 
oceanic sites, Mar. Biol., 114, 49-56.

Barnstedt U., Tande K., 1988, Physiological responses o f Calanus finmarchicus 
and Metridia lonqa fCopepoda: Calanoida) during the winter-spring transition, 
Mar. Biol., 99, 31-38.

Bathmann U. V., Makarov R. R., Spiridonov V. A., Rohardt G., 1993, Winter 
distribution and overwintering strategies o f the Antarctic copepod species 
Calanoides acutus, Rhincalanus gigas and Calanus propinquus (Crustacea, 
Calanoida) in the Weddell Sea, Polar Biol., 13, 333-346.

Bradford J. M., 1971, The fauna o f the Ross Sea, Pelagic Copepoda, (8), Bull-NZ, 
Dep. Sei. a. Ind. Res., 206, 9-31.

Bradford J. M., 1988, Review o f the taxonomy o f the Calanidae (Copepoda) and 
the limits to the genus Calanus, [in:] Biology o f copepods, G. A. Boxshell and 
H. K. Schminke (eds.), Hydrobiologia, 167/168, 73-81.

Chojnacki J., Węgleńska T ., 1994, Periodicity o f composition, abundance, and 
vertical distribution o f summer Zooplankton (1977/1978) in Ezcurra Inlet, 
Admiralty Bay (King George Island, South Shetland), J. Plankton Res., 6, 
997-1017.

Clowes A. J., 1934, Hydrology o f the Bransfield Strait, Discovery Rep., 9, 1-64.
Conover R. J., 1988, Comparative life histories in the genera Calanus and 

Neocalanus in high latitudes o f the northern hemisphere, [in:] Biology o f  
copepods, G. A. Boxshell and H. K. Schminke (eds.), Hydrobiologia, 167/168, 
127-142.

Conover R. J., Huntley M, 1991, Copepods in ice-coverd seas -  distribution, 
adaptions to seasonally limited food, metabolism, growth pattern and life cycle 
strategies in polar seas, Elsevier, Amsterdam.

Eicken H., Lange M. A., 1989, Sea ice conditions, [in:] The expedition ‘ Antarktis’ 
VII, 1 and 2 (EPOS I) o f r/v ‘ Polarstern ’ in 1988/89, I. Hempel (ed.), Ber. 
Polarforsch., 62, 55-63.

Flaminger A., 1985, Dimorphism and possible sex change in copepods o f the family 
Calanidae, Mar. Biol., 88, 273-294.

Foxton P., 1956, The distribution o f the standing crop o f Zooplankton in the 
Southern Ocean, Discovery Rep., 28, 191-236.

Fransz G. P., 1988, Vernal abundance, structure and development o f Antarctic 
epipelagic copepod populations o f the eastern Weddell Sea (Antarctica), Polar 
Biol., 9, 107-114.

Grelowski A ., Tokarczyk R., 1985, Hydrological conditions in the region of 
Bransfield Strait and Southern part o f Drake Passage in the period from  
December 10, 1983 and January 8, 1984 (BIOM ASS-SIBEX), Pol. Polar Res., 
6 (1 -2 ), 31-41.

Gordon A. L., Nowalin W . D., 1978, The basin waters o f the Bransfield Strait, 
J. Phys. Oceanogr., 8, 2558-264.



Halleberg E., Hirche H. J., 1980, Differentiation o f mid-gut in adults 
and overwintering copepodites o f Calanus finmarchicus ( Gunnerus)  and 
C. helgolandicus Claus, exp., Mar. Biol. Ecol., 48, 283-295.

Hardy A. C., Gunther E. R., 1935, The plankton o f the South Georgia whaling 
grounds and adjacent waters, 1926-27, Discovery Rep., 11, 1-456.

Hirche H. J., 1983, Overwintering o f Calanus finmarchicus and Calanus 
helgolandicus, Mar. Ecol. Prog. Ser., 11, 281-290.

Hopkins T . L., 1985a, Food web o f an Antarctic midwater ecosystem, Mar. Biol., 
89, 197-212.

Hopkins T . L., 1985b, The zooplankton community o f Croker Passage, Antarctic 
Peninsula, Polar Biol., 4, 161-170.

Hopkins T. L., Ainlay D. G., Torres J. J., Lancraft T . M., 1993, Trophic structure 
in open waters o f the marginal ice zone in the Scotia -  Weddell confluence 
region during spring (1983), Polar Biol., 13, 389-397.

Huntley M. E., Escritor F., 1991, Dynamics o f Calanoides acutus (Copepoda: 
Calanoida) in Antarctic coastal waters, Deep-Sea Res., 38 (8 /9 ), 1145-1167.

Jażdżewski K., Kittel W ., Łotocki K., 1982, Zooplankton studies in the 
southern Drake Passage and in the Bransfield Strait during austral summer 
(BIOM ASS-FIBEX, February -  March 1981), Pol. Polar Res., 3, 203-242.

Kaczmaruk B. Z., 1983, Occurrence and distribution o f the Antarctic copepods along 
the ice shelves in the Weddell Sea in summer 1979/80, Meeresforschung, 30, 
25-41.

Mackintosh N. A., 1934, The seasonal distribution o f the Antarctic macrozooplank- 
ton, Discovery Rep., 9, 65-160.

Mackintosh N. A., 1937, The seasonal circulation o f the Antarctic macrozooplank- 
ton, Discovery Rep., 16, 365-412.

Marin V., 1987, The oceanographic structure o f the eastern Scotia Sea-lV . 
Distribution o f copepod species in relation to hydrography in 1981, Deep-Sea 
Res., 34 (1), 105-121.

Marin V., 1988a, Independent life cycles: an alternative to the asynchronism 
hypothesis fo r  Aantarctic Calanoid copepods, [in:] Biology o f copepods, 
G. A. Boxshell and H. K. Schminke (eds.), Hydrobiologia, 167/168, 161-168.

Marin V., 1988b, Qualitative models o f the life cycles o f Calanoides acutus, Calanus 
propinquus and Rhincalanus gigas, Polar Biol., 8, 439-446.

Marin V ., Schnack-Schiel S. B., 1993, The occurrence o f Rhincalanus gigas, 
Calanoides acutus and Calanus propinquus (Copepoda: Calanoida) in late May 
in the area o f the Antarctic Peninsula, Polar Biol., 13, 35-40.

Menshenina L., Rakusa-Suszczewski S., 1992, Zooplankton changes during the year 
in Admiralty Bay (February 1990 -  January 1991), Pol. Arch.. Hydrobiol., 
39 (1), 65-76.

M otoda S., 1959, Devices o f simple plankton apparatus, Mem. Fac. Fish. Hokkaido 
Univ., 7 (1 -2 ), 73-94.



Nakamura M., Kadota S., 1982, Epipelagic copepods o f Calanoida in the Indian 
Sector o f the Antarctic Ocean, [in:] Proceedings o f the fifth symposium 
on Antarctic biology. Memoirs o f National Institute o f Polar Research, 
T . Hoshaidi and Y. Naito (eds.), Nat. Inst. Polar Res., Tokyo, 23, 28-31.

Ommanney F. D., 1936, Rhincalanus gigas (Brady) -  a copepod o f the southern 
macroplankton, Discovery Rep., 13, 277-384.

Ottestad P., 1932, On the biology o f some southern copepods, Hvalradets Skr., 5, 
1-61.

Schnack-Schiel S. B., 1985, Feeding by Euphausia superba and copepod species in 
response to varying concentrations o f phytoplankton, [in:] Antarctic nutrient 
cycles and food webs, W . R. Siefried, P. R. Condy and R. M. Laws (eds.), 
Springer Verlag, Berlin, 311-323.

Schnack-Schiel S. B., Smetacek V., von Bodungen B., Stegmann P., 1985, 
Utilization o f phytoplankton by copepods in Antarctic waters during spring, 
[in:] Marine biology o f polar regions and effects o f stress on marine organisms, 
J. S. Gray and M. E. Christiansen (eds.), J. Wiley and Sons, Chichester, 65-81.

Schnack S. B., Hagen W ., Mizdalski E., 1991, Seasonal comparison o f Calanoides 
acutus and Calanus propinquus (Copepoda: Calanoida) in the south-eastern 
Weddell Sea (Antarctica), Mar. Ecol. Prog., 70, 17-27.

Vervoort W ., 1951, Plankton copepods from the Atlantic sector o f the Antarctic, 
Verh. Akad. Wet., Amsterdam 2, 47, 1-156.

Vervoort W ., 1965, Notes on the biogeography and ecology o f free-living marine 
copepoda, [in:] Biogeography and ecology in Antarctica, J. V. Miegham and 
P. V. Oye (eds.), Junk Publishers, The Hague, XI, 381-400.

Vladimirskaya Ye. V., 1978, Age composition o f winter populations o f abundant 
copepod species in the southern part o f the Scotia Sea, Okeanologiya, 18, 
202-204, (in Russian).

Voronina N. M., 1970, Seasonal cycles o f some common Antarctic copepod species, 
[in:] Antarctic ecology, M. Iloldgate (ed.), Academic Press, 1, 162-172.

Voronina N. M., 1972a, The spatial structure o f interzonal copepod populations in 
the Southern Ocean, Mar. Biol., 15, 336-343.

Voronina N. M., 1972b, Vertical structure o f a pelagic community in the Antarctic, 
Okeanologiya, 12, 415-420, (in Russian).

Voronina N. M., 1975, On the ecology and biogeography o f the plankton in the 
Southern Ocean, Trudy Inst. Okean., Moskva, 103, 60-88, (in Russian).

Voronina N. M., 1977, Soobshchestva umerennykh i kholodnykh vod yuzhnogo 
polusharya, Biol. Okeana, Moskva, 2, 68-91.

Voronina N. M., 1984, Ekosystemy pelagiali Juzhnogo okeana, Nauka, Moskva.
Voronina N. M., Sukhanova L. N., 1976, Composition o f food o f massive species of 

herbivorous Antarctic copepods, Okeanologiya, 16, 614-616, (in Russian).
Voronina N. M., Vladimirskaya Ye. V., Żmijewska M. I., 1978, Seasonal variations 

in the age composition and vertical distribution of common Zooplankton species 
in the Southern Ocean, Okeanologiya, 51, 335-338, (in Russian).



Ward P., W ood A. G., 1988, The distribution o f the Euchaetidae (Copepoda: 
Calanoida) around South Georgia, Polar Biol., 9, 45-52.

Ward P., Robins D. B., 1987, The reproductive biology o f Euchaeta antarctica 
Giesbrecht (Copepoda: Calanoida) at South Georgia, J. Exp. Mar. Ecol., 108, 
127-145.

Witek Z., Kittel W ., Czykieta H., Żmijewska M. I., Presler E., 1985, 
Macrozooplankton in the southern Drake Passage and the Bransfield Strait 
during BIOMASS-SIBEX (December 1983 -  January 1984), Pol· Polar Res., 
6, 95-115.

Zillioux E. J., Gonzalez J. G ., 1972, Egg dormancy in a neritic calanoid copepod 
and its implications to overwintering in boreal waters, Proc. Symp. Mar. Biol. 
5th, 1970, 217-330.

Żmijewska M. I., 1985, Copepoda in the southern part o f Drake Passage and 
in Bransfield Strait during early summer 1983-1984 (BIOMASS-SIBEX, 
December -  January), Pol. Polar Res., 6, 79-93.

Żmijewska M. I., 1987, Horizontal and vertical distribution o f Copepoda 
in the southern part o f Drake Passage and in the Bransfield Strait 
(BIOM ASS-SIBEX 1983/1984), Pol. Polar Res., 8, 381-390.

Żmijewska M. I., 1988, Vertical distribution and population structure o f Copepoda in 
a water column between King George Island and Elephant Island (BIOMASS  
III, October -  November 1986), Pol. Polar Res., 9, 283-304.

Żmijewska M. I., 1992, Copepoda. Admiralty Bay. Antarctica, S. Rakusa- 
Suszczewski (ed.), Oficyna W ydawnicza Instytut Ekologii PAN, Warszawa, 
(in Polish).

Żmijewska M. I., Yen J., 1993, Seasonal and diel changes in the abundance, 
vertical distribution o f the Antarctic copepod species Calanoides acutus, 
Calanus propinquus, Rhincalanus gigas, Euchaeta antarctica and Metridia 
gerlachei (Calanoida) in Croker Passage (Antarctic Peninsula), Oceanologia, 
35, 101-127.


