
117

V. Trokhymets 1, V. Gorobchyshyn 1, 2, *, I. Kozeretska 3

1 Taras Shevchenko National University of Kyiv, Kyiv, 01601,Ukraine
2 State Institution Institute for Evolutionary Ecology of the National Academy

of Sciences of Ukraine, Kyiv, 03143,Ukraine
3 State Institution National Antarctic Scientific Center, Ministry of Education

and Science of Ukraine, Kyiv, 01601, Ukraine

* Corresponding author: medziboz@yahoo.com

Population features of Boeckella poppei in Lake Wujka,
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; Díaz et al., 2019; Maturana et 

al., 2019). Some species, including Boeckella poppei 

(Mrázek, 1901) (Сentropagidae), were originally de-

scribed in the genus Pseudoboeckella Mrázek, 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 

(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. po p- 

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 (Mrázek, 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 km2, about 
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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 m2 

(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 

Figure. Surroundings of Polish Arctowski Station. The asterisk indicates Lake Wujka
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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 (№ 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 l 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 χ2 method.

3 Results

All samples collected in Lake Wujka contained only 

one Calanoida species. We confirmed the finding of 

Boeckella (Psеudoboeckella) 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./m3 

at 4.5 °С (23.12.2005). In ten days (3.01.2006), the 

temperature increased up to 10 °С, and copepodid den-

sity rose nine-fold, to 9350 ind./m3. At the last sampling 

(10.01.2006), the density of B. poppei was even higher — 

15500 ind./m3, when the temperature was 11.5 °С. 

Population density varied with significant fluctua-

tions in different juvenile and generative copepodite 

numbers (Table). In the first sample, copepodite 

sta ges (CI–CV) dominated (800 ind./m3), with only 

250 ind./m3 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./m3, with juveniles 

lagging at 2800 ind./m3, 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./m3, 

juveniles — 6100 ind./m3. 

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./m3; at the beginning of 

January, the numbers were 4200 to 2350 ind./m3, and 

mid-January, 5450 to 3960 ind./m3, 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 La ke 

Wujka (2003–2004) showed that calanoid density 

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

Date
Water

temperature, °С
Juveniles,

ind./m3

Adults, ind./m3

females males F/M

23rd December 4. 5 800 150 100 1.5

3rd January 10 2800 4200 2350 1.8

10th 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) 

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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Особливості популяції Boeckella poppei озера Вуйка, острів Кінг Джордж

Реферат. Прибережна Антарктика — один із найцікавіших регіонів нашої планети, в якому спостерігаються швид-

кі кліматичні зміни, підвищуючи вразливість усіх компонентів її збідненої флори. Boeckella poppei широко розпо-

всюджена у прибережній та континентальній Антарктиці. Метою даної роботи було дослідити, чи існують тенден-

ції у зміні щільності популяцій ракоподібних у літній сезон в даному регіоні. Зразки відібрані 23.12.2005, 03.01.2006 

та 10.01.2006 біля о. Кінг Джордж, з озера Вуйка поблизу Польської антарктичної станції. Варіювання щільності 

популяції супроводжувалося значними коливаннями у співвідношенні різних ювенільних та генеративних стадій 

копепод. Проаналізовано закономірності попередніх досліджень інших авторів. Статева структура популяції не 

змінилася протягом періоду вивчення, самиці значно переважали самців. В роботі обговорюються можливі при-

чини даного явища.

Ключові слова: щільність популяції, статева структура, Calanoida, ракоподібні, Антарктика



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


