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King George Island

Abstract. The maritime Antarctic is one of the most interesting regions on planet where climate change can be observed to
impact all components of its poor flora. Boeckella poppei is common in the maritime and continental Antarctic species of the
copepod. The aim of the study was to check the local trends in the copepod's population density over summer. The samples were
collected 23.12.05, 03.01.06 and 10.01.06 at the King George Island from the lake near the Polish Antarctic Station. The
population density varied with strongly fluctuating ratios of different juvenile and generative developmental stages. We also
analyzed the regularities reported by other authors. The sex structure of the population did not change during the study period
with females much more numerous than males. The article discusses possible causes of this phenomenon.
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1 Introduction

The copepod genus Boeckella Guerne & Richard,
1889 consists of 42 species distributed throughout
Australia, New Zealand, South America, Antarctica,
and sub-Antarctic islands (Menu-Marque et al.,
2000; Dartnall, 2017; Diaz et al., 2019; Maturana et
al., 2019). Some species, including Boeckella poppei
(Mrézek, 1901) (Centropagidae), were originally de-
scribed in the genus Pseudoboeckella Mrazek, 1901,
but were transferred to Boeckella (Bayly, 1992).

A limited number of recent studies have focused
on the ultrastructure, ecological characteristics, dis-
persal, and origin of B. poppei in widely separated
maritime and continental Antarctic locations (Reed
et al., 2021; Bayly et al., 2003; Butler et al., 2005;
Gibson & Zale, 2006; Janiec, 1988; 1996). Heywood
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(1970) and Weller (1977) reported the age and sex
structure of Boeckella silvestri (Daday, 1901) and
B. poppei populations at Signy Island, South Orkney
Island. The embryos of B. poppei from sediments of
the lake on Barton Peninsula, King George Island,
Antarctica, will passively accumulate moderately li-
pophilic chemicals while lying dormant in anoxic se-
diments, which can decrease hatchings uccess (Reed
et al., 2018). The current known distribution of B. pop-
pei extends beyond the Antarctic to include Argenti-
na and Chile. Additionally, other species of this genus
have been described from Antarctic Peninsula: Boe-
ckella michaelseni (Mrazek, 1901), Boeckella brevi-
caudata (Brady, 1875), Boeckella vallentini (Scott T.,
1914) (Menu-Marque et al., 2000).

King George Island is the largest one of the South
Shetland Islands, with an area of 1.312 km?, about
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Figure. Surroundings of Polish Arctowski Station. The asterisk indicates Lake Wujka

90% of which is under permanent ice cover (Rakusa-
Suszczewski, 2002). There are several permanent
freshwater bodies on the island, with Lake Wujka
near the Polish Arctowski Station being one of the
largest (Figure). Previous studies of B. poppei on King
George Island are limited. Janiec (1988; 1996) noted
B. poppei in Lake Wujka and provided some data on
population density. Pociecha and Dumont (2008)
provide some information on life cycle features based
on studies carried out in Lake Wujka.

The objectives of the current study were to docu-
ment seasonal population density and population age
and sex structure of B. poppei in Lake Wujka. As this
location lies within a well-recognized region of rapid

climate change off the Antarctic Peninsula, while
maritime Antarctic lakes have been proposed to be
particularly sensitive to and magnify the regional sig-
nature of macroclimatic change (Quayle et al., 2002),
such data also provide a potentially important base-
line against which future comparisons can be made.

2 Materials and methods

Lake Wujka has an approximate surface area of 200 m?
(Heywood, 1970) and is situated close to the Polish
Arctowski Station on King George Island (—62.158958°,
—58.467157°; Figure). The lake surface is typically
ice-free for ~7 months a year. The lake benthos forms
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a layer of silt (20—40 cm depth) containing 5—20%
filamentous green algae (Janiec, 1993). During the
summer months, the lake’s pH is in the range of 6.0—
8.0 (Pociecha & Dumont, 2008). The lake is fed by
snowmelt in the Antarctic spring, thawing per-
mafrost, and inflow from Moss Creek. Occasional
sea water ingress into the lake has been noted during
heavy gales (Pociecha, 2007), although this was not
observed during the study season.

The maximum depth of the lake did not exceed 1 m
during the study period. Samples were collected us-
ing a conical plankton net (Ne 67) at a depth of 0.15 m
on 23.12.2005, 3.01.2006, and 10.01.2006 (Figure),
between 10.00 and 12.00 (local time). A total of 3
samples were taken. Samples consisted of the filtrate
from 20 1 of lake water and were fixed in 96% ethanol.
Individual B. poppei were assigned to one of five
copepodite stages (CI—CV). The sex of C VI indi-
viduals was determined using morphological charac-
teristics. Water temperature was recorded at the sam-
pling site using an alcohol thermometer.

Statistical evaluation was carried out employing
Pearson correlation and > method.

3 Results

All samples collected in Lake Wujka contained only
one Calanoida species. We confirmed the finding of
Boeckella (Pseudoboeckella) poppei at King George
Island, Lake Wujka in the surroundings of Polish
Arctowski Station (Janiec,1996; Menu-Marque et
al., 2000; Pociecha, 2007). Visually, in all the studied
freshwater ponds except Lake Wujka, there were reg-
istered only single specimens at copepodid stages.

Sample analysis demonstrated a stable tendency
towards increasing of population density of copepods
during the month of investigations (Table).

The average density of the species was 1050 ind./m?3
at 4.5 °C (23.12.2005). In ten days (3.01.2006), the
temperature increased up to 10 °C, and copepodid den-
sity rose nine-fold, to 9350 ind./m?. At the last sampling
(10.01.2006), the density of B. poppei was even higher —
15500 ind./m?, when the temperature was 11.5 °C.

Population density varied with significant fluctua-
tions in different juvenile and generative copepodite
numbers (Table). In the first sample, copepodite
stages (CI—CV) dominated (800 ind./m?), with only
250 ind./m?of pubescent individuals: density of juve-
niles more than thrice exceeded that of pubescent
individuals. However, this ratio changed drastically
in 10 days. By that time, the most abundant group
was adult individuals — 6550 ind./m?, with juveniles
lagging at 2800 ind./m? so pubescent individuals
outnumbered larvae by 2.5 folds. In the third sample,
we noted the tendency towards an increase of juve-
nile fraction: pubescent individuals — 9400 ind./m?,
juveniles — 6100 ind./m’.

Interestingly, the sex structure of the population
(Table) did not change during the whole period of
study, with significantly more females than males.
Thus, at the end of December, the ratio of females to
males was 150 to 100 ind./m? at the beginning of
January, the numbers were 4200 to 2350 ind./m?, and
mid-January, 5450 to 3960 ind./m?, respectively.

4 Discussion

Our results demonstrated a stable tendency towards
increasing population density of copepods during the
month of investigations. Similar results were obtained
for freshwater lakes of Signy Island (Heywood, 1970;
Weller, 1977). However, year-long monitoring of Lake
Wujka (2003—2004) showed that calanoid density

Table. Dynamics of population density of Boeckella poppei in Lake Wujka

H 3
Dat Water Juveniles, Adults, ind./m
ate temperature, °C ind./m?
females males F/M
23" December 4.5 800 150 100 1.5
3 January 10 2800 4200 2350 1.8
10* January 11.5 6100 5450 3950 1.4
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almost did not change during the period coinciding
with our research time (Pociecha & Dumont, 2008).
The intensification of crustacean development may
explain our observations since the elevation of water
temperature is most likely followed by increases in
the copepods’ food. Unfortunately, we cannot com-
pare these temperature-dependent trends in popula-
tion density with earlier studies (the temperature dy-
namics of the lake in 2003—2004 was discussed in
Pociecha and Dumont (2008)), showing no such
trends. Meanwhile, our data on the correlation be-
tween B. poppei development rates and water tem-
perature correspond well with Heywood’s (1970) and
Weller’s (1977) findings. As the density of B. poppei in
the last sample only slightly exceeded that of the pre-
vious one, and the temperature approached its maxi-
mum, it may be assumed that soon afterwards,
calanoid density in Lake Wujka stabilized.

Relative increase of juvenile density with respect
to pubescent individuals may be explained by asyn-
chronous recruitment of crustaceans. It was most un-
expected that the total quantity of adult individuals
in the second sample was several times the total num-
ber of juvenile individuals in the first one; we can only
explain this now by extreme shortening of the devel-
opment cycle and prolonged larvae emergence from
the eggs. However, these suggestions require further
investigations.

During our fieldwork, the sex structure of the pop-
ulation did not change over the whole period of study.
We showed that females outnumbered males with
statistical reliability. Contrary to our data, adult males
significantly outnumbered females in Heywood’s
(1970) study. Heywood (1970) considers his results to
confirm the suggestion that the sex ratio of the species
is determined by the environment (ESD — environ-
mental sex determination). It is known that there are
also gene (GSD) and chromosome (CSD) sex deter-
minants (Ryner & Swaint, 1995). However, to draw a
conclusion about sex determination in a species, it is
necessary to thoroughly study it genetically, as shown
by our data not aligned with Heywood’s. It is also
possible that the species does not regularly reproduce
sexually. Thus, parthenogenesis has been described
for three Copepoda species (Dole-Olivier et al., 2000)
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but not for Boeckella. At the chromosomal level, sex
is usually defined by sex chromosomes XY (XX)
(Einsle, 1993). All this points at the theoretical sex
ratio close to 1:1, which is not congruent either with
our or with Heywood’s experimental data. Investiga-
tions of the development cycle of B. poppei and also
of the levels of its infestation by endosymbionts (Mio-
duchowska et al., 2018; Duron et al., 2008) will fur-
ther help to answer problems formulated in this work
and to establish a connection between population
changes and dynamics of abiotic factors.
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Ocob6mmBocTi nomynsuii Boeckella poppei o3epa Byiika, octpis Kinr /Ixxopmk

Pedepar. [IpubepexHa AHTapKTUKA — OJMH i3 HalLliKaBillIMX PETIOHIB HAILIOI IIJIAHETH, B IKOMY CIIOCTEPITaloThCsl IIBUII-
Ki KJIiMaTW4YHi 3MiHU, TiABUIIYIOYM BPa3IMBICTh YCiX KOMIOHEHTIB ii 30imHeHO1 haopu. Boeckella poppei mupoKo po3Io-
BCIOJI’KE€HA Y TIpUOEPEKHili Ta KOHTUHEHTaIbHI AHTapKTULi. MeTo1o 1aHoi poOOTH OYJI0 TOCIiINTH, UM iICHYIOTh TEHAEH -
L1y 3MiHi IIIJTBHOCTI MOMYJISILIii paKOMOAiOHMX Y JIITHI ce30H B JaHOMY perioHi. 3pa3ku Bimiopani 23.12.2005, 03.01.2006
ta 10.01.2006 6ins o. Kinr [Ixxopmk, 3 o3epa Byitka mo6ausy [loabcbkoi aHTapKTUYHOI cTaHIlii. BapitoBaHHS IIiJTBHOCTI
MOMYJIALIT CyPOBOIKYBAJIOCS 3HAYUHUMM KOJIMBAHHSMMU Y CHiBBiIHOIIEHHI Pi3HUX IOBEHIJIbHUX Ta TEHEPATUBHUX CTaliii
korenion. [TpoaHanizoBaHO 3aKOHOMIPHOCTI IMOMEPENHIX JOCTIIKEeHb iHIMNUX aBTOpiB. CTaTeBa CTPYKTypa MOMYJIAIii He
3MiHUJIACS MPOTATOM Tepiony BUBYSHHS, CAMUIIi 3HAYHO TIepeBakail caMiliB. B poOOTi 06TOBOPIOIOTHCS MOXKIUBI TTPH-
YUHU JAHOTO SIBULLA.

KirouoBi ciioBa: 11i1bHICTh MOMYJIALIL, cTaTeBa cTpyKTypa, Calanoida, pakonoioHi, AHTapKTUKA
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