Environment evolution of the Caspian
Sea under the global climate change
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Global climate change

The last climatic macrocycle

The beginning of the last climatic macrocycle
(Late Pleistocene) was marked by the Eemian
interglacial, and most specialists think it
correlates with the MIS 5e substage. Its duration
has been estimated at 15 thousand years (130-
115 ka BP), and its thermal maximum is
positioned at approximately 126 ka BP
(Shackleton, 1969; Turney and Jones, 2010).
The interval of MIS 5d-5a to MIS 4 corresponds
to the Early Valdai glaciation, MIS 3 is correlated
with the Middle Valdai mega-interstadial, and
MIS 2 is correlated with the Late Valdai in the
Russian chronostratigraphy.

We assess the interval MIS 5d-5a as a
transitional interglacial-glacial period.
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Materials and methods
Complex analysis
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Late Khazarian transgression
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(Yanina, Makshaev, 2016)

The species composition of mollusc assemblages testify
that salinity of the Late Khazarian sea was higher than the
modern one, and sediment accumulation environment was
warm. Microfaunal assemblages provide evidence for similar
environmental conditions.

Th/U 122-87 ky
TL  127-89 ky
ESR 108-85 ky



Hyrcanian transgression

Based on drill sites materials from the north-
western part of the Caspian region, G.l. Popov
(1967) reconstructed a brackish water basin.
He defined it as an independent Hyrcanian
transgression of the Caspian, which took
place after the Late Khazarian transgression
and was separated from the Khvalynian
transgression by the Atelian regression.

The basin was inhabited by “Khvalynian-like”
fauna. Characteristic features of it are the
prevalence Didacna cristata, D. subcatillus, D.
hyrcana, and the presence of freshwater specie
Corbicula fluminalis.

Most part of researchers strongly objected to

: : this concept.
Kvalynian transgression

2 5
Atelian regression
* e Hyrcanian transgression

Late Khazarian
transgression




Hyrcanian transgression

Didacna umbonata, D. subcatillus, D. cristata and D.

parallella .

The faunal composition is typical fo the Hyrcanian
horizon recognized in the North Caspian region by
Popov.

Pollen assemblages differ from the Late Khazarian
ones: Pinus sp. (11%), Betula (9%), Alnus (1%),
Corylus (2%), Chenopodiaceae (39%), Gramineae
(5%), Artemisia (3%).

Some cooler and wetter climate.

Didacna surachanica, D. nalivkini (Late Khazarian
fauna) +Corbicula fluminalis.

The pollen assemblage suggests a wide distribution
of semidesert plant communities in the region and
practically complete absence of forested areas

We confirmed existence of the Hyrcanian
basin in the history of the Caspian Sea
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In the history of the Caspian Sea, this period (MIS 5) was followed by the
Late Khazarian-Hyrcanian transgressive-regressive stage
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Atelian regression

At the base of the series there
are well pronounced
cryoturbations and ice wedge.

The pollen assemblages of
definitely periglacial character
recovered from the Atelian
deposits from cores
(Bolikhovskaya et al., 2017).

The Atelian regression is clearly expressed in the structure
of the Pleistocene deposits of the northern basin. It is
reflected by the cuttings in the seismic-acoustic profiles
under the base of the Khvalynian deposits.

Radiocarbon dating determined using humic acids

WTAH454]  Quat 36680=850 4044141941 (41191=750)

CMIGTE Qa | J00600 1060001
= AN (41596539
TSN Qa | 060100 4104370 (330E1%0)

Radiocarbon dates obtained on the upper part of the

Atelian deposits infilling the older erosional landforms
strongly suggest them to have been deposited at the

first half of the interstadial warming (MIS 3).

(Yanina et al., 2017)



MIS 4. Glacial stage
MIS 3. Interstadial warming
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MIS 2. The epoch of degradation of the Late Valdai glacial stage
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MIS 2. The epoch of degradation of ’
the Late Valdai glacial stage. Khvalynian chocolate
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3,4,5-D. protracta, 6 — D. subcatillus,
7 — Adacna laeviuscula, 8 — Hypanis
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10 — Dreissena polymorpha,

11 — Dr. rostriformis distincta
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MIS 2. The epoch of degradation of the Late Valdai glacial stage
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Global climate change and evolution of
the Caspian basins

D fiel 5 = LS o gb

A — Eemian (Miculino) epoch (MIS 5): the Late
Khazarian transgression in the Caspian (isolated
basin) and the Karangatian transgression in the Pont
(with ingression in the Manych valley).

B — Transitional epoch from interglacial (MIS 5) to
Early Valdai glacial (MIS 4) epochs: the Hyircanian
transgression in the Caspian and beginning of the
Karangatian regression; Hyircanian passage.

C — Early Valdai glacial stage maximum (MIS 4) and
beginning of warming (MIS 3): Atelian regression in
the Caspian Sea and Post-Karangatian regression in
the Pont.

D — Interstadial warming (MIS 3) (second part), glacial
degradation: first stage of the Early Khvalynian
transgression in the Caspian and Surozh basin in the
Pont.

E — Late Valdai, LGM (MIS 2): Elton (?) regression in
the Early Khvalynian basin and the Neoeuxinian
regression in the Pont.

F — Glacial degradation (MIS 2): the Early Khvalynian
transgression in the Caspian and the Neoeuxinian
transgression in the Pont.

G — Glacial degradation (MIS 2) — beginning of post-
glacial epoch: the Late Khvalynian transgression in the
Caspian Sea and the Neoeuxinian transgression in the
Pont.

H — Holocene, beginning of the Interglacial (MIS 1): the
Mangyshlak regression in the Caspian and beginning of
the Black Sea transgression.



MIS 1. Holocene. Mangyshlak regression
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New Caspian (Novocaspian) transgression
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The depth of the gullies is up to 10-14
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The prevailing species of mollusks

Didacna baeri

My6GuHa oT ypoBHA MOpSi, M

Didacna barbotdermanyi

Didacna crassa
Didacna parallella

®

Didacna protracta
Didacna trigonoides

Cerastoderma glaucum
Dreissena

(o))

© B C &0t

Monodacna

Types of coast

The abrasion

‘%/////////////// D

The accumulative

salinity (%00)
0-10
5-10

oo

©

-
o

9 @9 @
e 9 @

3

2

K K

T

10-15

Isobaths

(Yanina, Makshaev,2016)
-

42




Fauna and radiocarbon dating of the New Caspian deposits

index
WEU-156T7 Shall= nks Cepastoderma glaucum, Didacna Mode=rn
barbosdemaryyi. D paralle §a
MBU-1572 Shall=s nki | Cenastoderma glavcum, Didarna barbetde nearwi B60==4D 357480
LU-B1&0 Shellz nk$ | Cerastoderma glauciom 118070 TEE-D48
LU-5878 Shalls nki | Cengstodorma glaucum 124070 BE5-1013
MEU-1511 Shall=s nki | Cenastoderma glaucum 133060 D48-1000
ANIE Shells nki | Cerastoderma glaucim 143530 1304-1348
172873
MNEU-1560 Shallz okl | Monodacna caspia Didacna barbosdemariyi, D 160040 1304-1418
parallzila
MNEU-1856 Shallz nks | Monodacna caspia, I pamiiziia, 205060 1544-1581
Didacna harbotdemany i
SPb-2007 Shalls nkd | Fiviparus vivipams 225450 2341-2301
IG-5008 oM nk4 - 262060 2TOR-2TED
MEU-1638 Shells nk4 | Dreissena po imorpha. Monedacna ¢ aspia 275050 22B6-2552
MNEU-1662 O nk4 - 2BI0ETO 1753-3214
IG-5008 O nk4 - 2R6060 2018-3084
MET-1571 Shalls nkd | Monsdacna caspia, Dreissena polim oemha 2R05:60 2052-3080
UBA-35034 Shells nks | Cengsiodorma graucum AL PAKL i) |
MNEU-1566 Shall=s nk3 | Monodacna caspia, Adacna Evivncula 320050 33T0-3484
SPb-2005 Shells nk3 | Cerastoderma glavcw, Didacna 332450 3811-3544
barbogdemarmyi, D longipes
LU=l a0 8% nkl - EEFEST E
WEU-1633 Shall=s nkl | Monodacna caspia, Dreissna polym orpha 405060 3B6T-4124
MEU-1644 Shells nkl | Monodocna caspia, Dreissena polym orpha 430500 41004408
MEU-1661 O nkl - 30B0=200 42224652
MEU-1570 Shells nkl | Monsdocna caspia, Dreissena polvm oroha 413070 45604714
MEU-1637 Shallz okl | Monodacna caspia, Dreissena polimormha 450601100 44T4-4TRT
MNEU-161% O nkl - 451070 45854833
IG-5007 oM nkl - 41T0=TH 48154766
MEU-1512 Shallz nk2 | Monodacna caspia, Dreisszna polm orpha 4 TR0 4B30-3080
SPb-2012 Shalls nkl | Monodacna caspia, Dreissna polimorpha 401270 5T1B-55%0
WET-1617 O nk2 - 6350100 GE0-6002
MEU-1614 Shells nkl | Dreissena poimoerpha Monedacna ¢ aspia, 522110 5382-5645
Didacna barbotdemanyg i, D basri
L6020 Shells nkl | Dreissena poimoerpha. Monedacna ¢ aspia, 5TORAID 5B41-6730
Didacna barbotdemany i
MEU-1563 Shells nkl | Monodacna caspia, Didacne harbotdemarny i 5T50=R0 59726208
NEU-1643 Shalls nkl | Moredacna ¢ apia, Didac na barbotdemarny D 410100 GE63-60061
baeri
MEU-1500  Shells nkl | Monedacna caspia, Didacna barbotdemarny § Gt 1 0l §044-T185

nk5 last 1500 years.

Nnk4 from 3000 to
200 4C yr BP.

Nk3 from 3400 to
3200 4C yr BP.

Nk2 from 4900 to
3400 “4C yr BP.

Nkl from 7100 to
5300 yr BP.



Development of the Caspian Sea during the Holocene
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Only in the Holocene New Caspian basin
is the broad movement of the marine
species Cerastoderma glaucum noted. It is
the characteristic feature of faunistic
structure distinguishing this basin from all
Neopleistocene basins of the Caspian Sea.



Domination of Cerastoderma glaucum in the New Caspian deposits
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Modern Caspian Sea

Now in bottom biocenoses of the Caspian Sea, Abra ovata, Mytilaster lineatus, and Cerastoderma glaucum
often dominate. All of them have a Mediterranean origin. Obviously, as a result of evolutionary development
from a small number of sibling species, the Caspian autochthonus fauna began to possess universal
gualities but weak species specialization. It provided stability and relative resistance for communities to
changing environmental factors, but it made them noncompetitive to installed marine species. Invasive
species and acclimatized species made much more essential changes to the biodiversity than was caused
by natural factors.

Natural ecosystems have undergone an anthropogenic
transformation.

In historical time, not only has a rapid change in biodiversity been
observed, but also an irreversible change in water ecosystems.

Now, the role of anthropogenic factors has become the most
important in the distribution of molluscan species in the basin.

The modern development of the Caspian Sea malacofauna has led to
the seeming increase in molluscan biodiversity due to the
emergence of new taxa.

But, in fact, we currently observe a loss of biodiversity at the global
level, which is turning unique ecosystems of the Caspian Sea into
something similar to that of the Azov-Black Sea.
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