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ABSTRACT. Here we present the first data on crusta-
cean remains in Holocene sediments of Lake Pechevalav-
ato (Yamal Peninsula, Western Siberia). An investigated
outcrop was formed as a result of thermal abrasion of
deposits located at the second marine terrace. From this
outcrop, 48 samples were collected for paleolimnological
analysis; crustacean remains were found in nine samples.
In total, 34 ephippia, a fragment of thoracic limb filter
plate and 45 mandibles were analyzed. Based on details
of morphology, 20 ephippia were classified as belonging
to Daphnia pulex-type, 14 ephippia — to D. longispina-
type. A filter plate was found in the upper layer together
with Daphnia ephippia and presumably belongs to this
genus. Based on shape and size, all found mandibles be-
longed to notostracan Lepidurus arcticus (Pallas, 1793).
According to our data, the outcrop point became to be a
part of a lake (most probably, Lake Pechevalavato or a
separate lake near it) c.a. 5.5-6 kya, before this time it
was a terrestrial or swampy territory. Then the lake surface
and depth were reduced for some reasons unknown to us.
Fauna of this lake was poorer as compared to previously
described Holocene water bodies of Yamal. We have dem-
onstrated that different types of water bodies existed in
the central part of Yamal Peninsula during the Holocene.
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PE3IOME. B nanHo# paboTe MbI IPEACTABIISIEM Iep-
BBIC JTAHHBIC [T0 OCTaTKaM PAKOOOPa3HBIX B FOJIOIICHOBBIX
ornoxkeHusx o3epa [leueBanaBaro (momayoctpoB SImai,
3amagnas Cubups). OOHaKEHNE, HCCIICOBAaHHOE HAMH,
00pa30BaIOCh B pe3yibpTare TepMoadbpa3uil OTI0KEHHUH,
PacIoI0KEHHBIX Ha BTOPOi MOpcKkoii Teppace. M3 aToro
oOHaxkeHUsI OBUTIO O0TOOpaHO 48 00pa3IoB s Majico-
JUMHOJIOTHYECKoro aHanm3a. OcTaTKu pakooOpasHBIX
OBLTH HaWICHBI B JICBATH oOpasax. Becero Hamu ObLTO
poaHanu3upoBaHo 34 >¢unmuyma, pparMeHT (QHITb-
TPAlMOHHOM IJIACTUHKU TOpakajJbHOW KOHEYHOCTH
u 45 mannuOyn. [To mopdonornyeckum aanHbiM, 20
3¢uUNmuyMoB OBLTH OTHECCHBI HamMu K tuny Daphnia
pulex, 14 spunmuymoB — k tury D. longispina. ®nnb-
TpAIlOHHAS TUIACTHHKA ObLiIa Hail/leHa B BEpXHEM CIIOE
BMecTe ¢ ddunmnuymamu Daphnia v IPeNON0KATEIHHO
NPUHAIISKUT 3ToMy poxy. [lo dopme u pasmepy Bce
oOHapyKeHHbIE MaHANUOYJIbl COOTBETCTBYIOT LIMTHIO
Lepidurus arcticus (Pallas, 1793). CornacHo Hammm J1aH-
HBIM, UCCIICIOBaHHAsI TOYKA CTajla YaCThIo 03epa (CKopee
BCero, naseo-o3epa [leueBaaaBaro win OTASIHLHOTO 03epa
psnoMm ¢ HEUM) okoio 5500-6000 et Ha3am, O 3TOTO
JlaHHAs TEePPUTOpHUS OblIa Cymied WM 3a00J0YeHHON
HU3MHOW. 3aTeM MOBEPXHOCTh U ITyOWHA 03epa CoKpa-
THJIKACH TI0O HEKOTOPHIM MPUYMHAM, HCM3BECTHBIM HaM.
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Fig. 1. Position of Lake Pechevalavato. A, in Northern Eurasia, map of Northern Eurasia from CIA public domain: https://www.cia.gov/library/
publications/resources/theworld-factbook/docs/refmaps.html. B— in Yamal Peninsula, map from Lapteva et al. [2024], with modifications. Red
circle marks Lake Pechevalavato. C — studied outcrop with results of the crustacean remain analysis. Lithological layers: 1 — peat; 2 — light
grey sand; 3 — weakly decomposed peat with branches of shrubs and thin interlayers of sandy loams and siltstones; 4 — sand; 5 — sandy loam
with peat; 6 — yellow-gray sandy loam; 7 — turf.

Puc. 1. Ionoxenue o3epa IleueBanosaro. (A) B Ceseproii EBpasum, kapra na ocrose nauusix CIA public domain: https://www.cia.gov/
library/publications/resources/theworld-factbook/docs/refmaps.html. B — na nmomyoctpose SImai, kapra u3: Lapteva et al. [2024], ¢ u3meHeHus-
mu. KpacHbIM Kpy»kKkoM oTMedeHo 03epo [ledeBanaBaro. C — cxema M3y4eHHOTO OOHAXKEHHMS, C Pe3yJIbTaTaMH aHaJIM3a 0CTAaTKOB PAKOOOPa3HbIX.
JIuronormueckue ciou: 1 — Topd; 2 — MECOK CBETINO-CepHIil; 3 — Top¢ cr1abopa3IOKUBIINKICS ¢ BETKAMH KYCTapHUKOB M MaJOMOIIHBIMU

IPOCIIOAMH CYIIECH U alIeBPUTOB; 4 — IECOK; 5 — cynech 0TophoBaHHas; 6 — CyIech JKeNTo-cepasi; 7 — JIepH.

®dayHa 3TOTO 03epa ObLTa 00STHEHHOH 0 CPaBHEHHIO C Introduction
paHee ONUCaHHBIMK TOJIONIEHOBBIME BoloeMaMH SIMana.
Takum 006pazom, Mbl IPOJIEMOHCTPUPOBAIIH, YTO B 1ICH-
TpaJIbHOM YaCTH MOJIYOCTPOBa SIMajl B TEUSHHUE rojioIeHa
CYIICCTBOBAIN PA3IUYHBIC THITHI BOJOCMOB.

Crustaceans (Arthropoda: Crustacea) represent an
important component of inland water faunas in Arctic
region [Bespalaya et al., 2015; Novichkova, Azovsky,
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2017]. Faunistic studies on this group in the Russian
Arctic were started since the second half of the 19th
century [Fischer, 1851; Sars, 1898; Voronkov, 1911].
Nowadays crustacean community changes are regarded
as indicators both of climate warming consequences and
anthropogenic impact, especially pollution from oil and
gas deposit exploitation. During the last two decades,
faunistic studies on the microscopic crustaceans in Arctic
and Subarctic regions have intensified in response to in-
creasing interest in the formation of regional faunas under
hard climatic conditions and their transformation under
pressure by natural and anthropogenic factors [Bespalaya
et al.,2015; Ermolaeva, 2016; Novichkova, Chertoprud,
2017; Loskutova, Ponomarev, 2019; Chertoprud et al.,
2022;2023; Novikov et al., 2023; Soromotin ef al., 2024].
However many areas remain poorly studied due to their
remote position and short summer period.

Despite a long history of crustacean investigations
in recent communities, Yamal Peninsula still belongs to
such areas. Inventory of recent microscopic crustaceans
in the inland waters of Yamal Peninsula was started
at the beginning of the 20th century [Voronkov, 1911;
Vereshchagin, 1913]. The most comprehensive report
on recent aquatic fauna was published by Bogdanov et
al. [2000], however their data are constantly updated
until now (e.g. Bogdanova [2009]; Ermolaeva [2016];
Koporikov ef al. [2022]). In general, widespread species
of microcrustaceans make the greatest contribution to
Arctic local faunas [Ermolaeva, 2016], although some
such taxa require a comprehensive taxonomic revision
[Korovchinsky et al., 2021]. The highest species diversity
was recorded in floodplain water bodies and in large lakes
[Bogdanov et al., 2000], while small water bodies were
studied rarely investigated [ Vekhov, 1976].

Holocene crustacean remains were episodically stud-
ied in sediments from lakes located in southern and central
portions of the Yamal Peninsula [Ibragimova et al., 2020;
2022; Nigmatullin et al., 2022]. However, our knowledge
of Holocene history of the crustaceans from Yamal is
still poor as compared to that of both the European part
of the Russian Arctic [Frolova et al., 2017; Nigmatullin,
Frolova, 2023] and Eastern Siberia (e.g. Kirillova et al.
[2016]; Kotov et al. [2019]; Frolova et al. [2024]).

Here we present the first data on crustacean remains
in Holocene coastal sediments of Lake Pechevalavato,
located in NE Yamal.

Material and methods

Lake Pechevalavato is located in the north-eastern portion of
the Yamal Peninsula, 25 kilometers northwest of the village of
Seyakha (Yamalo-Nenets Autonomous Okrug, Tyumen Region,
Subarctic Russia) (Fig. 1A-B). Recent climate of this region
is basically Subarctic, with an average annual temperature of
8-10 °C below zero. Precipitation amount is about 400 mm/year.

Lake Pechevalavato is situated in the Seyakha River basin.
The lake is located on the second marine terrace at 20 m a.s.l.
and has a thermokarst origin. The material for an investigation
was collected from an outcrop (70.217° N, 71.833° E) formed
as the result of thermal abrasion of Holocene deposits of this
terrace [Lapteva et al., 2024]. The thickness of the organomin-

eral deposits at the sampling site reached 334 cm. A preliminary
inspection revealed that the deposits include seven lithologi-
cal layers typical of the Subarctic zone (Fig. 1C). In total, 48
samples with thickness of 5-10 cm were manually collected
from this outcrop, as a result we had a whole core of 334 cm
long. Each sample was individually packed to a zip-packet
and kept at 5 °C until their examination. See further details in
previous paper [Lapteva et al., 2024]. Six samples were used
for radiocarbon dating at the Joint Usage Center “Laboratory
of radiocarbong Dating and Electron Microscopy” of the Insti-
tute of Geography of Russian Academy of Sciences. Calendar
age of the oldest sample with plant remains was estimated as
9085-9141 ya [Lapteva et al., 2024]. Plant remains were ana-
lyzed from all samples according to standard methods of pollen
and carpological analysis [Lapteva et al., 2024].

Crustacean remains (Supplementary Table 1) were found
in nine samples during their carpological analysis following
standard method of its performing [Nikitin, 1969]. They were
picked individually from the samples under a stereomicroscope
Leica MZ75 (Leica Microsystems, Germany) via thin needles.
All remains were attached to the aluminum stubs via conductive
non-porous carbon tape, coated with gold in a S150A Sput-
ter Coater (Edwards, UK), and studied under MIRA 3 LMH
scanning electron microscopes (Tescan, Czech Republic) and
measured in the Gwyddion 2.69 software. For identification
of the crustacean remains, we used both keys for recent taxa
[Jaksch, 1992; Korovchinsky ef al., 2021] and previously pub-
lished information on subfossils [Kirillova et al., 2016; Kotov
et al., 2019; Neretina et al., 2020; Zharov et al., 2020; Rogers
et al.,2021]. Diagrams of the remain numbers were constructed
using Tilia2.6.1 (https:/tilia-manual.readthedocs.io/en/latest/
tools.html).

Results

In toto, we found the following remains belonging
to branchiopod crustaceans in 48 samples: 34 daphniid
ephippia (Figs 2A-1, 3A-1), a fragment of the thoracic
limb filter plate (Fig. 4A—C) and 45 notostracan man-
dibles (Figs SA-K, 6A—C) (Supplementary Tables 1-2).
Almost all crustacean remains were found in the upper
outcrop portion, starting from the layer No. 36 (depth of
99-98 cm) corresponding to the time of c.a. 5.5-6 kya;
however, any remains were absent in upper 9 cm of the
outcrop.

Ephippia were partly destroyed or deformed at fos-
silization, they usually did not keep a natural shape. They
contained two resting eggs with longitudinal axes directed
almost perpendicularly to the ephippium dorsal margin
and lacking a caudal needle. In most cases anterior, pos-
terior, dorsal and ventral portions were distinguishable.
All these ephippia belonged to the genus Daphnia O.F.
Miiller, 1785, namely, to two major groups within the
subgenus Daphnia s.str.: D. pulex and D. longispina.

1. Ephippia of the D. pulex-type (Figs 2A-1, 7A).
Length 0.89 to 1.65 mm, height 0.71 to 1.03. Ephippium
subtriangular, relatively high (height/length ratio from
0.57 to 0.92), with an almost straight or convex dorsal
margin (Fig. 2A, D, G), caudal needle missing. Dorsal
plate with prominent spinules (Fig. 2B, E, H), most ephip-
pium surface with a rectangular ornamentation (Fig. 2C,
F, I). Resting egg axes almost perpendicular to dorsal
margin (Fig. 2A, D, G).
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Fig. 2. Ephippia of the Daphnia pulex group. A—C — an ephippium from sample 36, its dorsal and central portions. D-F — an ephippium
from sample 40, its dorsal and central portions. G-I — an ephippium from sample 44, its dorsal and central portions. Scale bars: G— 0.5 mm; A,
D — 0.2 mm; F— 0.05 mm; B-C, E, H-1 — 0.02 mm.

Puc. 2. Ddunnuyms! rpynns! BunoB Daphnia pulex. A-C — >dunmmym, ero CiuHHas U IeHTpalbHast 4acTu, oopaser 36. D-F — spunmmym,
€ro CIUHHAs U LEHTpanbHas dacth, oopasen 40. G-I — adunnuym, ero cnuHHas U HEHTpalbHas 4acTH, oOpasen 44. MaciraOHble OTPE3KH:
G—0,5mm; A, D— 0,2 mm; F— 0,05 mm; B-C, E, H—I — 0,02 mm.

Such ephippia were dominated in the outcrop samples
with cladoceran remains.

2. Ephippia of the D. longispina-type (Figs 3A-1I,
7A). Length 0.82 to 1.36 mm, height 0.69 to 1.03. Ephip-
pia subtriangular, relatively high (height/length ratio from
0.59 to 0.91), with an almost straight dorsal margin (Fig.
3A, D, G); caudal needle missing. Dorsal plate smooth,
without prominent spinules (Fig. 3B, E, H), most ephip-
pium surface with rectangular ornamentation (Fig. 3C, F,
I), in most cases less prominent than in the pulex-type.
Resting egg axes almost perpendicular to dorsal margin
(Fig. 3A, D, G).

Ephippia were rarer than those of the pulex-type.

3. A fragment of branchiopod thoracic limb filter
plate (Fig. 4A—C). Length of setac remains about 0.1 mm,

their diameter around 0.003 mkm. All setae covered by
densely located setulae (Fig. 4A—C).

A sole fragment was found in the sample 46 together
with Daphnia ephippia. Presumably this fragment belongs
to this genus.

4. Notostracan mandibles (Figs SA-K, 6A-C, 7B).
Shape of mandibles typical of the notostracans (Fig.
5A-K). Maximum width (near base of mandibular teeth)
0.25-1.49 mm. All mandibles were ranged based on this
value to have information on size variability (Fig. 7B).
Basal portion better preserved in smaller mandibles (Fig.
5I-K) and often destroyed in larger mandibles (Fig.
5A—-H). Mandibular teeth with rounded tops (Fig. 6A—C).
Bunches of bristles recognizable near bases of some teeth
(Fig. 6B-C).
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Fig. 3. Ephippia of the Daphnia longispina group. A—C — an ephippium from sample 41, its dorsal and central portions. D-F — an ephippium
from sample 43, its dorsal and ventral portions. G-I — an ephippium from sample 45, its dorsal and central portions. Scale bars: A, D, G — 0.2
mm; I — 0.1 mm; C, F—0.05 mm; B, E, H—0.02 mm.

Puc. 3. Ddunnuyms! rpynmst BunoB Daphnia longispina. A—C — >bunmuyM, ero CHHHASI X HEHTpaibHas yacTH, oopasen 41. D-F — sdumn-
ITHYM, €ro CITMHHAs U OprolIHas yacTu, oopasen 43. G-I — sadunmnmym, ero cimHHas U IIeHTpasbHas YacTH, oOpasel 45. MaciTaOHbIe OTpPE3KH:
A,D,G—0,2mm; I — 0.1 mm; C, F— 0,05 mm; B, E, H— 0,02 mm.

Characters of all mandibles match those of Lepidurus
arcticus (Pallas, 1793), a notostracan species very usual
in shallow ponds in the Arctic zone [Rogers, 2001].

Discussion

Branchiopod remains identification. Notable
progress was achieved in the description of Daphnia
ephippia during recent decades. However, fine data on
the ephippial morphology in recent Daphnia species are
still incomplete. Especially, it concerns the subgenus
Daphnia s.str. [Kotov ef al., 2019]. The most compre-
hensive identification key was proposed previously by

Mergeay et al. [2005] for the taxa found in Africa, but it
was a single such attempt except for Glagolev’s [1983]
paper where the conclusions on the possibility of species
differentiation based on ephippia were very pessimistic.
In contrast, morphology of ephippium works well for the
identification of Ceriodaphnia species and species groups
[Kotov et al., 2018].

In Eurasia, morphology of recent ephippia was studied
under a scanning electron microscope in some European
populations [Glagolev, 1983; Jaksch, 1992; Juracka et
al., 2010]. Morphology of ephippia in recent taxa from
the subgenus Daphnia s.str. from the Arctic and Sub-
arctic regions is not studied in detail. Note that results
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A N ‘—m R N
Fig. 4. Fragments of filter plates from sample 46 (A—C). Scale bar:

St A— 0.02 mm; B-C — 0.01 mm.

Puc. 4. ®parmMeHThl GUIBTPALIMOHHOI TTaCTUHKK 13 oOpasia 46 (A—C). Macurabusie orpesku: A — 0,02 mm; B-C — 0,01 mwm.

Fig. 5. Mandibles of Notostraca, general views, ranking in the size decrease (A-K). A, C, F, | — from sample 44. B, G, J — from sample 41.
D-E — from sample 43. H, K — from sample 46. Scale bars: A-B — 0.5 mm; C-K — 0.2 mm.

Puc. 5. Mauau0yast Notostraca, o0mine BHIbI, pacioioKeHHbIe B opsiike yosiBanus pasmepa (A-K). A, C, F, | — ob6pazen 44. B, G, ] —
obpasen 41. D-E — o6pasen 43. H, K — o6pazen 46. Macmrabusie orpesku: A-B — 0,5 mv; C-K — 0,2 Mm.
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Fig. 6. Fragments of Notostraca mandible under higher magnification, sample 43. A-B — 0.1 mm; C — 0.05 mm.
Puc. 6. ®parmentsr ManauOyI61 Notostraca pu OobmeM ysemmdenny, oopaser 43. A-B — 0,1 mm; C — 0,05 mm.
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Fig. 7. Analysis of size for detected crustacean remains. A — height/length graph for ephippia of Daphnia. B — distribution of Notostraca
mandibles ranking in the size decrease.

Puc. 7. Ananu3 pa3mepa HailIeHHBIX OCTAaTKOB PAKOOOPa3HBIX. A — 3aBUCUMOCTb BBICOTHI OT JUIMHBI d¢unnuyma s Daphnia. B — pac-
npezienenne Man Oy Notostraca, pacosoXKeHHBIX B MOPSIIKE YOBIBAHHS NX pa3Mepa.

of morphological identification of recent Arctic popula-
tions of Daphnia are questionable, even based on the
morphological characters of the females [Korovchinsky
etal.,2021]. Moreover, the scattered morphological data
on the diversity of Daphnia in the high latitudes are not
coordinated with genetic clades [Colbourne et al., 1998]
instead of Mergeay et al. [2005].

Previous efforts to study fossil remains of the subge-
nus Daphnia were summarized by Kotov et a/ [2019]. It
is known that presence of relatively large spinules on the
dorsal plate is a character of D. pulex species group in
contrast to D. longispina group with almost smooth dorsal
margin. However, “species discrimination within the lat-
ter two large groups using ephippia is very difficult...”
[Kotov et al., 2019: 187, figs la—c, 2a—f]. The value
of ephippium ornamentation remains questionable and
requires the investigations under the same magnification
for reliable comparison [Glagolev, 1983; Jaksch, 1992;
Kotov et al., 2019]. In the frame of our study, we detected
two morphological groups of the ephippia: those having
dorsal plate covered by prominent spinules (pulex) and
with almost smooth dorsal plate (longispina), although
they are almost identical in size (Fig. 7A).

In the frame of our study, a single filter plate of
Daphnia limb was found. Probably, the conditions of
crustacean remain accumulation in this layer were op-
timal for preservation of delicate structures. Nowadays
fragments of daphniid filter plates are under-counted by
paleolimnologists due to a pre-treatment of the samples
by concentrated alkali solutions. This method destroys
delicate structures. Remains of filter plates might be
more widespread in the Holocene deposits, but we need
to use non-pre-treated samples [Zharov et al., 2022]. The
records of daphniid filter plates in the untreated material
during our study confirm this statement, but, as we sup-
pose, the conditions of fossilization are also important for
preservation of thoracic limbs fragments. Fragments of
the branchiopod filter plates also are known from older
deposits, but such records are not numerous [Richter et
al., 2017; Kirillova et al., 2016].

Ephippia of Daphnia co-occurred with mandibles of
Notostraca, presumably belonging to L. arcticus. The lat-
ter inhabits recent shallow water bodies drying seasonally,
and often co-existed with Daphnia species (e.g. Bespalaya
et al. [2015]; Neretina et al. [2020]; Korovchinsky et al.
[2021]).
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Populations belonging to the D. pulex and D. longi-
spina groups, as well as populations of L. arcticus, are
known from some recent water bodies in Yamal Peninsula
[Bogdanova, 2009; Ermolaeva, 2016; Movchan, Stogov,
2016]. We can hypothesize that similar communities
existed here in the Late Holocene.

In the upper layers of the same core, were found
only ephippia of the D. pulex group [Frolova et al.,
2017]. Remains of this group are known from some
Late Pleistocene lake sediments [Frolova et al., 2024]
and from permafrost in East Siberia [Kotov et al., 2019;
Neretina et al., 2020; Zharov et al., 2020]. Presumably,
the subgenus Daphnia appears more resistant to environ-
ment transformation at the late Holocene boundary, than
ctenodaphniids whose distribution ranges had moved
further south [Neretina et al., 2020; Zharov et al., 2020].

Water body property reconstruction. Lapteva et
al. [2024] have made a detailed study of the vegetation
dynamics in the vicinities of Lake Pechevalavato during
the whole Holocene based on pollen (helpful for revealing
of global changes) and carpological analysis (helpful for
reconstruction of local vegetation structure). However,
most found remains represented truly terrestrial, swamp
and near-water vegetation instead of aquatic plants. Any
reconstructions of the lake margin changes were not per-
formed by Lapteva et al. [2024]. Above, we described the
remains of truly aquatic organisms, and they give us such
a chance. According to our data, the outcrop point became
a part of a lake (most probably, Lake Pechevalavato or a
separate lake near it) c.a. 5.5-6 kya. The layers, in which
the remains of branchiopods are absent, can be associated
with the periods, when the level of water was insufficient
for the development of a stable crustacean community,
or for successful remains fossilization. Therefore before
5.5-6 kya, it was a terrestrial or swampy territory. Note
that only a single occasional ephippium was found in
the bottom 2/3 of the core (the layer 8), it is apparently
allochthonous in its origin.

Preservation of aquatic organism remains is associ-
ated with the layers formed by highly peaty sandy loam
and yellow-grey sandy loam. Since 5.5-6 kya to, at least,
the time represented by the layer 46 (depth of 14-9 cm)
the sampling point belonged to a shallow bay of Lake
Pechevalavato, or a smaller lake near it. Numerous re-
mains of notostracans suggest that this water body was
shallow and, most probably, fishless [Rogers ef al., 2021].
The version of a single large lake seems to be prefer-
able for us as compared to a separate water body. Lake
Pechevalavato had a larger surface relative to its recent
state. Then its surface and depth were reduced for some
reasons unknown to us: the uppermost layers are not ac-
curately dated, we only know that it happened before 4
kya, and it is difficult to associate such an event with any
global (climatic or other) or local environmental changes
without exact dates.

Note that previously studied Lake Yambeto [Nig-
matullin ef al., 2022], Lake Neito-Malto [Nigmatullin et
al., 2024] and a small unnamed lake [Ibragimova ef al.,
2022], located in the southern and central parts of the
Yamal Peninsula, had a significantly richer crustacean

fauna during the Holocene. The afore-mentioned authors
marked predominance of cladocerans from the benthic-
phytophilous complex typical of permanent lakes with a
developed macrophyte zone. Fauna of our lake belonged
to another type. Therefore there were different types of
water bodies in the central part of the Yamal Peninsula
during the Holocene.
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