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Taxocene of pelagic copepods in coastal waters of the Argentine Islands,
West coast of the Antarctic Peninsula, in 2021—2022

Abstract. Pelagic ecosystems are changing in response to the recent climate warming. The mesozooplankton and copepods in par-
ticular are important indicators of the state of aquatic ecosystems. Zooplankton in Antarctic waters has been monitored regularly
to study biodiversity, food chains, and ecological cycles. In 2021—-2022, pilot study of mesozooplankton groups was added to the
marine biological research of the Ukrainian Antarctic Program. The preliminary information was obtained on the taxonomic com-
position and functional characteristics of the taxocene of copepods in the coastal waters of the Argentine Islands. The observed
diversity is strongly influenced by the conditions and the available sampling gear. The samples were collected from motor boats us-
ing three kinds of plankton nets depending on the weather and ice conditions. From June to February, the predominant species were
the common coastal species and species adapted to feeding in the cold upper layers in winter. Trawling samples collected from
March to late May best illustrate the seasonal dynamics of the mesozooplankton communities’ temporary and permanent compo-
nents. Twelve copepods from eight families were identified to the species level. Most constituent species were omnivorous (7 spe-
cies), followed by detritophages (3 species). The community’s phytophages and predators were locally common. This trophic dis-
tribution likely is evidence that they were collected in the surface layer, which is not always favorable for feeding. Therefore, the
percentage of omnivorous opportunists was relatively high. Some of the sampled material requires molecular-biological analysis,
especially the copepods from the Oncaea Philippi, 1843 and Triconia Bottger-Schnack, 1999 genera. The older copepodites, in
particular the adult specimens, were rarely collected. The state of the material was not ideal for unambiguous identification by
morphological features. Comparing the results with the latest research on the west coast of the Antarctic Peninsula, we see that the
species composition is highly similar (around 80%), except for the deep-water taxa.
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1 Introduction

Zooplankton, including copepods, play an important
role in marine trophic relations by feeding on the
phytoplankton and being food for the animals at the
high trophic level. The main functional features of
the copepods’ populations, reproductive cycles, growth,
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reproduction, and survival rates are important factors
influencing the energy transfer in the pelagic food
webs (Head et al., 1999). Copepods respond sharply
to climate change by changing metabolic rates and
reproductive characteristics (Steinberg et al., 2015).
It makes the copepods an important model in object
the aquatic environment for tracking the effects of
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global climate change. The continuous plankton-
recorder (CPR) has been used to study the zooplank-
ton in the Antarctic Peninsula area since 1925 (Har-
dy, 1936), and the research continues in the form of
large-scale programs (McLeod et al., 2010; Takahashi
& Hosie, 2020; Palmer Station Antarctica LTER &
Waite, 2022). However, most CPR research is cur-
rently being done in the Australian Southern Ocean
sector (McLeod et al., 2010). Less common in the west-
ern part of the Antarctic Peninsula (WAP) are inves-
tigations focusing on smaller areas (Marrari et al., 2011a;
Marrari et al., 2011b). Accordingly, the pilot study of
mesozooplankton communities was started in 2021 —
2022 at the Ukrainian Antarctic Akademik Vernad-
sky station (hereinafter — Vernadsky station). The
purpose of the study was to obtain some initial infor-
mation on the quantitative and functional character-
istics of mesozooplankton in the coastal waters of the
Argentine Islands.

This work aims to discuss the primary data on the
species richness of copepods in the coastal waters of
the Argentine Islands (WAP).

2 Materials and methods

Samples for this work were collected during the XXVI
Ukrainian Antarctic expedition. The 22 qualitative
samples of mesozooplankton were collected in the
period from April 2021 to March 2022 in the coastal
waters of the Argentine Islands on the trawling plots
(Figure) and at some other sampling sites (see Table 1).

Table 1. Sampling sites

\ Akademik Vernadsky station

Area for trawling
Q

o Stella Creek
® Sampling site

Ule

Figure. Argentine Islands study area and sampling sites location

We used standard methods (HELCOM, 2021) for
carrying out our fieldwork.

Sampling at standard sites was done as vertical profiling
using a small Apstein-100 net or a Juday net by lowering
the tool to a specific depth and lifting it. The lifting speed
was 0.8—1 m - s~! (Volkov, 2008). In the trawling plots, the
researchers used a special net in a metal body. The ob-
tained mesozooplankton samples were condensed and
stained with methylene blue. Samples were fixed in 4%
formaldehyde solution pre-adjusted to pH 8—8.2 with
sodium tetraborate. A stereoscopic microscope (x100) and

a high-magnification microscope (x1000) were used.

Area Site Latitude, °S Longitude, °W | Site depth, m 0}‘2‘:;%?; Net type

Penola Strait P1 65.256 64.236 200 4 Apstein, Juday
P2 65.249 64.220 200 2 Apstein, Juday
T1 65.241 64.214 170 3 Trawl

Meek Channel P3 65.246 64.245 25 5 Apstein
P4 65.244 64.255 30 1 Apstein

Stella Creek S1 65.247 64.255 14 3 Apstein

Uruguay Island Ul 65.229 64.235 70 3 Apstein, Juday
T2 65.223 64.243 80 1 Trawl
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Adults and older copepodites were selected for iden-
tification. The conclusion about the species’ affilia-
tion was made in accordance with the morphological
diagnosis (Mazzocchi et al., 1995). Latin names of
the taxa are given after the World Register of Marine
Species (https://www.marinespecies.org/).

The conditions and sampling gear influenced the re-
vealed species diversity. Three plankton nets were used
depending on the weather and ice situation. In the ab-
sence of ice cover, a trawling net (mesh diameter 200 pm
or 110 pm) was dragged for 300—1000 mat a depth of
30—10 m. Trawling was performed in areas T1 and T2.

Sampling of depths over 50 m was done with a Ju-
day net (mesh diameter 200 pm). The 100—0 m water
column was sieved, usually on sites P1, P2 and Ul. To
sample areas with depths up to 50 m given significant
ice cover, the Apstein net (mesh diameter 110 pm)
was used. On sites P3, P4, and S1 samples were taken
from the 30—0 m water column.

Many of technical limitations caused the hetero-
geneity of the material. Trawling is the most efficient
way to collect qualitative and quantitative samples. It
eliminates some errors as the net moves at 2 m - s~! and
large species of actively moving copepods are caught. A
larger area of trawling provides a better image of the
copepod community. Also, during trawling, the net
travels a long distance, and the probability of sampling
more species increases; such samples are the most in-
formative. However, the suitable ice conditions are rare.

The Juday net reaches depths of more than 50 m.
However, in our conditions, it has several disadvan-
tages. One is that it is difficult to lift it at 1 m - s~! or
faster with a hand winch which greatly affects the
catchability, as the moving copepods avoid it. Another
disadvantage is the inability to cover a large area.
Samples taken with this net give information about
species that are not actively moving to the surface.

Sampling with the Apstein net is carried out under
the most unfavorable ice situation, when only the
nearby sites are available for work in areas with in-
tense currents and shallow depths. Such samples are
the least informative.

Accordingly, the most informative samples were
taken in late Antarctic summer, autumn, and early
winter, when ice conditions allowed trawling.

Samples taken in winter, spring, and early summer
have the largest sampling errors as they were collect-
ed by Juday and Apstein nets in bad ice conditions.

Notably, long-term studies conducted in the WAP
region (Stammerjohn et al., 2008; Takahashi & Hosie,
2020) using CPR show an inverse relationship be-
tween the intensity of ice cover and the number of
copepods. Therefore, it can be assumed that in the
case of much ice cover in August, November, and
January, samples were taken from a significantly de-
pleted surface layer, which could also strongly impact
the qualitative parameters. The QGIS 3.26 software
was used to prepare the map (Figure).

3 Results

There was no significant vertical stratification in the
mesozooplankton communities from the quantita-
tive samples taken from different horizons in the sur-
face layer (0—100 m). Therefore, the results were
greatly influenced by the environment. Samples tak-
en during the winter-summer period were dominated
by common background species and the species that
can feed in the upper layers at this time. Meanwhile,
trawling samples from late summer-early winter show
us the best information about seasonal dynamics.
The processed samples yielded 12 copepod species
from 8 families identified as species (Table 2). The list
includes background species and species regularly found
in the study area (Atkinson, 1998; Marrari et al.,
2011a; Gleiber et al., 2015). The core of the copepod
taxocene consists of omnivores (7) and detritophages
(3). One phytophagous species and one predator were
also present. This trophic composition of copepods
maybe the consequence of sampling the surface layer,
which is not always favorable, and the percentage of
omnivorous opportunists in it may be increased.

3.1 Species description
Calanoides acutus (Giesbrecht, 1902)

Circumpolar species, one of the dominants in the
Southern Ocean; in some regions, together with Ca-
lanus propinquus Brady, 1883, may account for more
than 20% of the total mesozooplankton biomass. Ca-
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lanoides acutus can feed on phytoplankton and detritus
(Hagen et al., 1993). Calanoides acutus is the first to rise
to the surface in the spring for feeding and reproduction
in the 0—200 m layer and the first to descend, sinking
below 500 m in the form of 3rd- and 4th stage cope-
podites (Marin & Schnack-Schiel, 1993). Males are
found mainly in the deep layers in winter, where mat-
ing occurs. In the spring, fertilized females rise to the
upper layers of the water for reproduction, and in the
summer, a new generation exists in the productive
surface layer (Schnack-Schiel & Hagen, 1994).

Calanus propinquus Brady, 1883

The circumpolar species has several adaptations for
surviving the southern winter, when phytoplankton
biomass is extremely low (Hagen et al., 1993). In win-
ter, most of the population stays at 100—500 m (Ma-
rin & Schnack-Schiel, 1993). In summer, they con-
centrate in the surface layer, feeding and replenishing
lipid reserves. In winter, some C. propinquus remain
in the surface waters and continue to feed. Unlike C.
acutus, they mate mainly in the surface layers, with
males present throughout the summer. The life cycle
in different regions of the Southern Ocean lasts from
1 to 2 years (Schnack-Schiel & Hagen, 1994).

Table 2. Taxonomic composition of copepods in the study area

Ctenocalanus citer Heron & Bowman, 1971

They live in Antarctica and sub-Antarctica. The species
is common in the Weddell Sea. In the sub-Antarctic
region, it is found at all depths, but the most numer-
ous at 100—150 m (Mazzocchi et al., 1995). There is
no diapause, so the species actively feeds and breeds
all year round. Mostly phytophagous, but has a wide
range of foods, changes the object of nutrition de-
pending on the season, with high nutritional activity
in autumn and winter and low in spring and summer.
It feeds on small phytoplankton. Winter nutrition is
due to the activity of ice-associated algae (Pasternak
& Schnack-Schiel, 2007). In summer, the population
is usually represented by the old generation in the
0—400 m layer. At the end of the Antarctic summer,
a new generation appears (Zmijewska et al., 2000).

Paraeuchaeta antarctica (Giesbrecht, 1902)

From the family Euchaetidae Giesbrecht, 1893, this
species is most commonly recorded in Antarctica,
also found in the sub-Antarctic sectors of the Atlan-
tic, Indian, and Pacific Oceans. Large (up to 10 mm)
carnivorous copepods, Paraeuchaeta antarctica is a di-
rect link between the herbivorous, omnivorous meso-
zooplankton and the higher levels of the food web

Family Species Feeding type ir?:;rlrllrprleerslf;?%
Calanidae Calanoides acutus (Giesbrecht, 1902) omnivorous 31.3
Calanus propinquus Brady, 1883 omnivorous 39.1
Clausocalanidae Ctenocalanus citer Heron & Bowman, 1971 phytophage 60.4
Euchaetidae Paraeuchaeta antarctica (Giesbrecht, 1902) carnivorous 79.1
Scolecitrichidae Scolecithricella minor minor (Brady, 1883) omnivorous 48.2
Rhincalanidae Rhincalanus gigas Brady, 1883 omnivorous 19.8
Metridinidae Metridia gerlachei Giesbrecht, 1902 omnivorous 95.5
Oithonidae Oithona similis Claus, 1866 omnivorous 71.3
Oithona frigida Giesbrecht, 1902 omnivorous 73.7
Oncaeidae Oncaea curvata Giesbrecht, 1902* detritophage 45.5
Oncaea parila Heron, 1977* detritophage 35.6
Triconia antarctica (Heron, 1977)* detritophage 18.2

Note: * — species affiliation needs clarification
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(Bocher et al., 2002). It has a large vertical distribu-
tion up to depth 1500 m. In the WAP area, it is often
registered as one of the dominant deep-sea species up
to depth 1000 m. Most of the population is concen-
trated in the layer of 250—500 m, where feeding and
reproduction occur (Mazzocchi et al., 1995). Parae-
uchaeta antarctica is found throughout Antarctica
and often spreads far to the north, to 35° S in the SW
Atlantic, near the fjords of the Chilean coast, and
45° S in the Indian Ocean (Park, 1994).

Scolecithricella minor minor (Brady, 1883)

It is a small calanoid found in the epi- and mesoha-
line waters of the upper latitudes of both hemispheres.
It is below the thermocline during the day and rises to
the surface layer at night. It is registered down to a
depth of 700 m, with the highest species density in the
layer of 100—400 m (Dias et al., 2019). Copepodites
carry out vertical migrations covering distances of up
to 70 m, and the adults, up to 160 m. Depending on
the season, they behave as omnivores or detritophages.
After the spring phytoplankton bloom, they descend
into deeper layers (Yamaguchi et al., 1999).

Rhincalanus gigas Brady, 1883

A typical species of the Antarctic Circumpolar Cur-
rent, but not very numerous species in the Weddell
Sea. Propagates mainly in autumn in warm deep wa-
ters at 1 to 4 °C but can reproduce at temperatures
below 0 °C. Late autumn reproduction is registered in
surface waters in the Antarctic Peninsula. The repro-
duction period of R. gigas is spread out with the main
activity in spring and autumn. Various sources indi-
cate that R. gigas has a more flexible life cycle of 1 or
2 years, probably influenced by the latitude (Schnack-
Schiel & Hagen, 1994). Its abundance varies from 2
to 4 thousand per cubic meter in different regions. In
winter, it can fall to 800 m and deeper; in the warm
season, it keeps in the surface layer of 200—600 m
(Ward et al., 1997).

Metridia gerlachei Giesbrecht, 1902

It is one of the most numerous calanoid species in
Antarctic waters. It breeds at the Antarctic Peninsula
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from November to January, and two or three genera-
tions can be produced in the summer. Metridia ger-
lachei most likely neither performs ontogenetic verti-
cal migrations nor accumulates lipids in summer
(Schnack-Schiel & Hagen, 1994). The warm season
it spends in the layer of 0—200 m, and in winter, it
can accumulate in the surface layer in areas devoid of
ice (Chiba et al., 2002). For the Bransfield Strait, re-
sistance to nitrate compounds during algae bloom is
indicated (Huntley & Escritor, 1992).

Oithona similis Claus, 1866

A cosmopolitan species abundant in coastal and ocean-
ic regions of the tropical, temperate, and polar wa-
ters. It has not been studied for a long time due to the
use of plankton sieves with a mesh diameter of 300—
500 pm. Current estimates for the Southern Ocean
show that the species abundance and biomass can
outnumber any other copepods. Its frequent turnover,
high abundance, and biomass are due to small size,
wide range of food choices, and high metabolism
rates. Oithona similis copepodites do not differ from
O. frigida copepodites (Giesbrecht, 1902). In differ-
ent seasons they can together number up to 80% of
the total copepod density (Atkinson, 1998). It has a
large vertical distribution and is found down to 1000 m.
Its maximum numbers are recorded in the upper lay-
er of 0—50 m (Mazzocchi et al., 1995).

Oithona frigida Giesbrecht, 1902

Oithona similis and O. frigida are among the numeri-
cally dominant zooplankton species in Antarctic wa-
ters, very similar in their biology and ecology. Oithona
similis is a cosmopolitan, while O. frigida is particu-
larly numerous near the polar front. Diatoms play a
special role in the diet of Oithona spp. in the Southern
Ocean (Pond & Ward, 2011). In the 300—100 m layer,
there was found no vertical stratification by develop-
mental stages in O. frigida (Dubischar et al., 2002).

Oncaea curvata Giesbrecht, 1902

A typical Antarctic species. It is registered in the sur-
face layer and at depths of 100—400 m (Mazzocchi et
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al., 1995). Mostly detritophagous. Oncaea curvata per-
forms ontogenetic vertical migrations. Migration to
the upper layers is observed during development from
the early to the middle copepodite stages; mean-
while, the late copepodites and adults descend deeper
to reproduce (Nishibe & Ikeda, 2007).

Oncaea parila Heron, 1977

The species inhabits a wide bathymetric range of 250—
2000 m. Judging by the food lumps and the composi-
tion of fecal granules, this species is mainly detrito-
phagous. In the middle copepodite stages, it migrates
to the upper layers to feed (Nishibe & Ikeda, 2007).

Triconia antarctica (Heron, 1977)

It is a circumpolar species that has ontogenetic verti-
cal movements. Migration to the upper layers is ob-
served from the early to the middle copepodite stages.
In contrast, the late copepodites and adults descend
into deeper layers to reproduce. Probably a detri-
tophage (Nishibe & Ikeda, 2007).

4 Discussion

Comparing the obtained results with the local studies
in the WAP (Marrari et al., 2011a; 2011b; Gleiber et al.,
2015), we found a similar species composition, except
for members of the families Oithonidae and Oncaei-
dae. This may be due to the fact that other authors
used nets with a large mesh (333 and 250 um), which
prevents small copepods from getting into the sam-
ples. The exceptions are deep-sea species we could
not extract due to technical limitations. Some issues
require molecular biological analysis, namely the
species taxonomy of copepods of the genera Oncaea
Philippi, 1843 and Triconia Bottger-Schnack, 1999.
Older copepodites and adults in the samples were
rare, and the condition of individuals used for mor-
phological diagnosis was not ideal.

The results provided the initial information about
the taxonomic composition in the surface layer and
showed how to improve the sampling methods. In the
future, it is planned to adjust the methodology and
focus on automation of the selection process.
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TakcoueH nejariYHuX Komeno;| y npudepeRKHnX BoAaX APreHTHHCHKIX OCTPOBIB,
3axigHe y30epexiKsa AHTAPKTHYHOTO MBOCTpoBa, y 2021—2022 pokax

Pedepar. [lenariudi ekocucteMu BillYKYIOThCSI Ha KJIiMaTUYHiI 3MiHM Ta MOCTYMOBO TPaHCHOPMYIOThCS il IXHBOIO Mi€l0.
Cepell BAXJIMBUX iHIMKATOPIB CTAHY BOJHUX €KOCUCTEM € ME30300IJIaHKTOH Ta Komernoau. PeryisipHuil MOHITOPUHT 300-
TUTAHKTOHY Y BOJIaX AHTaPKTUKH ITPOBOIUTHCA 0araTo poKiB 3 METOIO BUBUCHHS 0iOpi3HOMAHITTS, TPOGhIYHMX JIAHIIIOTIB Ta
ekomoriununx 1ukiis. Y 2021—2022 pokax Ha YKpaiHCbKill aHTapKTUYHIl cTaHLii «AkaneMik BepHaacbkuii» 10 MOPChKUX
0iOJTOTIYHUX AOCTIIXKEHD T0JAU TMiJIOTHE AOCTIAXEHHS YyIpynoBaHb ME30300IIJIaHKTOHY. Byl oTprMaHi mepBUHHI Bifo-
MOCTI ITpO TAKCOHOMIYHMIA CKJIaJ Ta (DyHKIIIOHAbHI XapaKTepHUCTUKIM TAKCOLIEHY KOTIENOo1 y TpUOepeskHUX BoJaxX ApreHTHH -
CbKMX OCTPOBiB. Ha oTpumaHuil BUIOBUIA CKia KOMENoJ, i Me30300IIaHKTOHY B 1LIIJIOMY CYTTEBO BIUIMBAJIU YMOBM Ta J0-
CTYIHI 3Hapsnas Binoopy. [1podu Bindupaincs 3 MOTOPHUX YOBHIB TPbOMA BUJAMU MJIAHKTOHHUX CITOK 3aJI€XKHO BiJl TTOTO/1-
HUX Ta JIbOJOBUX YMOB. Y TIpo0ax, BimiOpaHUX y Mepioa 3 YepBHS 10 JIIOTUI, JOMiHYBaIu (POHOBI PEeTYISIPHI BUIM, a TAKOX
BUJIM, SIKi MArOTh afanTallii [uIsl XapuyBaHHS Y XOJIOMHUX BepXHiX 1apax y3uMKy. [1poou, BiniopaHi 3 6epe3Hsi 10 KiHIIs TpaB-
HsI 32 JIOMIOMOTOIO TpajieHb, HallKpallle MOKa3yloTh CE30HHY AMHAMiKy TUMYACOBUX i MOCTiITHUX KOMIIOHEHTiB YrpyrnoBaHb
ME30300IJITaHKTOHY. 3a pe3yJibTaTaMi 00pOOKU OTpUMaHUX Mpod OyJj10 BU3HaUYeHO 10 Buay 12 konernox 3 8 poauH. B ocHOBI
TaKCOLIEHY KOTIETION IOMiHYIOTh BeeinHi Bunu (7 BUIIB), IPYTi 3a yncesbHiCTIO — aeTputodaru (3 Bumn). Ditodarn i Xvwkaku
TaKOX OyJIU MPUCYTHI B YIPYNOBaHHI, NPEACTaBICHI TUMIOBUMU Ui PErioHy BUAaMU. Takuii po3noij KONemnos 3a TUIIOM
XapuyBaHHS IIBUJLIE 32 BCE CBiMUUTD MIPO Te, 1110 MU MPAIIOBATHN B TOBEPXHEBOMY IlIapi, SIKWI He € TIOCTIHHO CTIPUSTINBUM
TSI XapyyBaHHSI, i TOMY BiICOTOK BCEiIHMX OMOPTYHICTIB Y HbOMY BilIIOBiAHO 30i1blIeHUIA. 3a pe3yJbTaTaMi 00pOOKU MaTe-
piajly BAHUKJIM MUTAHHS, 1110 BUMAraloTh MOJIEKYJISIPHO-0i0JIOMYHOr0 aHali3y, a camMe BUI0BAa MPUHAJIEXHICTh KOIenos 3
pouniB Oncaea Philippi, 1843 i Triconia Bottger-Schnack, 1999. Crapiiii KorenoauTu i 10pocii 0COOMHU B TTpo0ax Tparisuiucs
pinKo, cTaH OCOOMH, 3a IKUMM CKJIaaBcsi MOp(OJIOTiuYHMIA JiarHo3, He OyB ineanbHUM. [TopiBHIOIOUM OTpHUMaHi pe3yabTaTh
3 pe3yJibTaTaMM HelOAaBHIX JIOKaJIbHUX JOCTIIKEHb Y 3axifHilt YaCTUHI AHTAPKTUYHOTO IMiBOCTPOBA, MU 0AUMMO BUCOKY
cxoxicTb (6:113bK0 80%) y BUIOBOMY CKJIaJli KOTICTIO/, 32 BUHSITKOM TNIMOOKOBOIHUX BU/IiB, BUJIYUEHHST SIKUX HAM HEJIOCTYTI-
He yepe3 TeXHIYHi 0OMeKeHHSI.

KiouoBi ciioBa: 6iopizHOMaHITTSI, BCEiNHI BUAU, KOTETIOAM, JTbOJIOBUI ITOKPUB, ME30300TUIAHKTOH
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