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General Summary

The evolution of the Pontocaspian lakes and seas (Caspian Sea, Black Sea, Aral Sea) is characterised 
by major changes in water levels, which developed into a pulsating system of connected and isolated 
basins. During the late Quaternary (Late Pleistocene and Holocene), these basins have hosted 
a unique endemic biodiversity that experienced species turnover events. There are indications 
that the Pontocaspian species diversity is now in demise because of anthropogenic modifications 
of the ecosystem, such as habitat alteration, poaching, pollution and invasive species. Little data is 
available on faunal changes and resilience of Pontocaspian species to help discerning the effect of 
natural drivers and anthropogenic drivers on the endemic fauna, which is of direct relevance for 
conservation strategies. 

This thesis aims to characterize species richness and abundance of fossil faunas to establish a 
baseline for comparison with the changing biodiversity of today. Mollusc species are used as the 
study group as they easily fossilize and are abundant in the geological record. They inform us about 
the composition of communities and how they change, and enable us to reconstruct environments 
(‘habitats’). This is necessary in order to compare biodiversity through different time intervals 
and establish whether comparable habitats existed as those of today. A baseline of Pontocaspian 
mollusc faunas was achieved by analysing snapshots from the Caspian Sea basin and the Black Sea 
basin. Caspian mollusc assemblages are analysed from late Pleistocene (corresponding to the late 
Khazarian, Hyrcanian, early Khvalynian and late Khvalynian regional stages) and pre-20th century 
Holocene (Novocaspian) assemblages. Black Sea assemblages from the late Neoeuxinian and late 
Holocene are described. They are both compared with modern day assemblages. 

This study shows clear indications of a Pontocaspian mollusc diversity crisis. Overall, in the 
20th–21st century, Pontocaspian molluscs have experienced a severe decline in species richness and 
abundance: a strong turnover towards invasive species in the Caspian basin, a strong habitat decline 
in parts of the Black Sea basin and a total obliteration in the Aral basin. The late Quaternary mollusc 
fauna snapshots demonstrate that endemic species dominated the Caspian communities with minor 
contributions of native species until the late Holocene. The Pontocaspian mollusc species richness 
in the Caspian Sea basin is higher than in the Pontocaspian habitats of the Black Sea basin, or the 
Aral Sea basin. Throughout the Late Quaternary, the strong natural fluctuations of Caspian Sea 
level affected shallow water bivalve species of the genus Didacna, but barely changed the overall 
composition of the mollusc faunas. Late Quaternary mollusc fauna snapshots of the Black Sea basin 
show very little change in the Pontocaspian species community since humans impacted the habitats. 
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However, the Black Sea Pontocaspian mollusc communities are currently under severe threat of 
habitat deterioration and destruction. 

This research indicates that the Caspian Sea could act as a source for Pontocaspian biota, 
hence conservation efforts are imperative there. The deeper parts (>50 m water depth) possibly 
present a (partial) refuge, and urgent research is required to assess these habitats and their faunas. 
Future research should focus on improving the taxonomic framework to elucidate the identity 
of some Pontocaspian cryptic and sister species. We need more distribution and ecological 
data of current Pontocaspian species and more detailed biodiversity time series coupled with 
detailed environmental proxies to assess the nature of the Pontocaspian biodiversity crisis more 
comprehensively and plan conservation actions accordingly.
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Samenvatting

Het Zwarte Zee, Kaspische Zee, Aralmeer gebied staat bekend als de Pontokaspische regio. De 
evolutie van meren en zeeën in deze regio kan worden gekenmerkt als een pulserend systeem van 
verbonden en geïsoleerde waterbekkens waarin grote schommelingen van de zee- en meerspiegel 
voorkwamen. Tijdens het Laat Kwartair ontwikkelde zich in deze bekkens een unieke, endemische 
soortenrijke fauna. Er zijn duidelijke aanwijzingen dat de Pontokaspische diversiteit en het 
ecosysteem nu fors achteruitgaan vanwege menselijk handelen zoals aanpassingen aan de habitats, 
stroperij, vervuiling en het introduceren van invasieve soorten. Er zijn op dit moment weinig 
gegevens beschikbaar over biodiversiteitsveranderingen en de reactie van Pontokaspische soorten 
op deze bedreigingen. Deze gegevens zijn nodig om het effect van natuurlijke en antropogene 
veranderingen op de endemische fauna te helpen vaststellen, wat van direct belang is voor 
natuurbehoud. 

Dit proefschrift heeft als doel de soortenrijkdom van fossiele fauna’s te karakteriseren om zo 
een natuurlijke basis te schetsen ter vergelijking met de biodiversiteit van vandaag. In dit onderzoek 
worden schelpen gebruikt omdat ze gemakkelijk fossiliseren en overvloedig aanwezig zijn in de 
fossiele overlevering. Ze informeren ons niet alleen over de samenstelling van gemeenschappen en 
hoe deze veranderen door de tijd heen, maar ze stellen ons ook in staat om de omgeving (‘habitat’) 
te reconstrueren. Dit is nodig om fauna’s van vergelijkbare milieus door de tijd heen te kunnen 
vergelijken. Het creëren van de Pontokaspische referentie fauna’s wordt bereikt door het analyseren 
van geologische monsters die momentopnames vormen uit het Kaspische Zeebekken en het Zwarte 
Zeebekken. De Kaspische monsters omvatten zes niveaus uit de laatste 100.000 jaar. Twee fauna’s uit 
de Zwarte Zee worden beschreven. De fauna’s uit beide bekkens wordt vergeleken met de moderne 
fauna uit dezelfde bekkens, en met het Aralmeer gebied.

Deze studie geeft duidelijke aanwijzingen voor een Pontokaspische biodiversiteitscrisis. 
Over het algemeen laten Pontokaspische schelpen in laatste paar decennia een sterke afname 
van soortenrijkdom en soortenovervloed zien; een sterke verandering naar invasieve soorten in 
het Kaspische bekken, een sterke achteruitgang van habitats in delen van het Zwarte-Zeebekken 
en een totale vernietiging in het Aral bekken. Endemische soorten domineerden de Kaspische 
Zee tot aan het Laat Holoceen met een klein aandeel aan inheemse soorten. De Pontokaspische 
schelpensoortenrijkdom in het Kaspische Zeebekken is hoger dan in de Pontokaspische habitats 
van het Zwarte Zeebekken of het Aralmeerbekken. De sterke natuurlijke schommelingen van de 
Kaspische Zeespiegel beïnvloedde soorten van het tweekleppige geslacht Didacna die in ondiep 
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water leven, maar veranderden nauwelijks de algehele samenstelling van de schelpenfauna’s. Laat 
Kwartaire momentopnames van het Zwarte Zeebekken vertonen zeer weinig verandering in de 
Pontocaspian-soortengemeenschap voor en na antropogene invloed. De Pontokaspische schelpen 
gemeenschappen in de Zwarte Zee worden momenteel echter ernstig bedreigd door vernietiging 
van hun habitat. Dit onderzoek geeft aan dat de Kaspische Zee zou kunnen fungeren als een bron 
voor Pontokaspische biota, daarom wordt aangeraden om natuurbehoud allereerst op dit bekken 
te concentreren. De diepere delen van de Kaspische Zee (> 50 m waterdiepte) bieden mogelijk een 
toevluchtsoord en er is dringend onderzoek nodig om deze habitats en hun fauna’s te analyseren. 
Toekomstig onderzoek moet gericht zijn op het verbeteren van de Pontokaspische taxonomie 
om de identiteit van sommige Pontokaspische cryptische- en zustersoorten op te helderen. We 
hebben meer distributie- en ecologische gegevens nodig van de huidige Pontokaspische soorten 
en meer gedetailleerde tijdreeksen voor biodiversiteit in combinatie met gedetailleerde milieu-
variabelen om de aard van de Pontokaspische biodiversiteitscrisis beter te kunnen beoordelen en 
dienovereenkomstige natuurbehoudsmaatregelen te plannen.
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Аннотация

Эволюция Понтокаспийских бассейнов (Каспийское, Чёрное и Аральское моря) связана 
с постоянными колебаниями уровня воды, которые приводили к соединению между 
этими бассейнами и их изоляции. В течение позднечетвертичного времени (поздний 
плейстоцен и голоцен) эти бассейны обладали уникальным эндемичным биоразнообразием, 
которое временами претерпевало экологические перестройки. В настоящее время, 
Понтокаспийские виды численно сокращаются из-за антропогенного изменения условий 
обитания, браконьерства, загрязнения и разведения инвазивных видов. Недостаток данных 
об изменениях и устойчивости Понтокаспийских экосистем затрудняет понимание роли 
естественных и атропогенных причин кризиса биоразнообразия, что в свою очередь делает 
разработку стратегии сохранения видов невозможным. 

Основная цель данной диссертации заключается в оценке видового состава и 
распространенности ископаемой Понтокаспийской фауны в геологических разрезах 
Четвертичного возраста, что создаёт основу для сравнения текущих и прошлых изменений 
биоразнообразия. Ископаемые моллюски были выбраны в качестве изучаемой группы 
из-за их хорошей сохранности в геологических разрезах. Изменение в видовом составе 
ископаемых моллюсков, как правило, отображает изменения окружающей среды, что 
позволяет сравнить эти изменения в разных отрезках времени, а также установить, 
случались ли подобные экологические кризисы ранее и по какой причине. Данные по 
Понтокаспийской фауне моллюсков были получены путём анализа проб из Каспийского 
и Чёрного морей. Для Каспийского региона, были проанализированы пробы из 
позднего Плейстоцена (отвечает позднехазарскому, гирканскому, раннехвалынскому и 
позднехвалынскому региональным подъярусам (прим.: в соответствие с международной 
стратиграфической номенклатурой) и Голоцена (до промышленной революции, 
новокаспийский ярус). Для Черноморского региона, были описаны группы из позднего 
плейстоцена (неоэвксинский) и позднего голоцена (черноморский). Сообщества из обоих 
регионов сравниваются с современными. 

Данная работа подтверждает современный, активный кризис биоразнообразия 
Понтокаспийского региона. Позднечетвертичная фауна моллюсков показывает, что в 
каспийских сообществах, вплоть до позднего голоцена доминировали эндемичные виды с 
малым участием инвазивных видов. Видовое разнообраие ископаеиых Понтокаспийских 
моллюсков намного выше в Каспийском бассейне по сравнению с бассейнами Чёрного и 
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Аральского морей. В течение позднечетвертичного времени, сильные колебания уровня 
Капиского моря оказывали  влияние на мелководных двустворок рода Didacna, но в целом 
практически не повлияли на видовой состав фауны моллюсков. Позднечетвертичная 
фауна моллюсков Чёрного моря имеет незначительные различия с современными видами, 
претерпевшими антропогенное воздействие условий обитания. Тем не менее, условия 
обитания черноморских представителей Понтокаспийской фауны моллюсков находятся 
под угрозой уничтожения. В целом, в течение 20-21 веков, Понтокаспийские моллюски 
претерпели сильное видовое и количественное снижение: биологический кризис в 
Каспийском море, характеризующийся распространением инвазивных видов, ухудшение 
условий обитания Понтокаспийских видов в Черноморском и полное исчезновение в 
Аральском бассейнах. 

Данные представленные в этой диссертации также указывают на то, что значительная 
часть Понтокаспийских видов до сих пор может быть скрыта в глубоководной части 
Каспийского моря (>50 м глубины), поэтому, природоохранные мероприятия и срочные 
исследования в этом бассейне должны быть произведены в ближайшее время. Будущие 
исследования должны быть сосредоточены на уточнении таксономии для лучшей 
идентификации некоторых скрытых и родственных Понтокаспийских видов. Необходим 
также сбор данных о распространении и экологии современных Понтокаспийских видов 
в совокупности с применением других экологических методов для полной и всесторонней 
оценки и понимания причин кризиса Понтокаспийского биоразнообразия и разработки 
соответственных природоохранных мероприятий.

Translated by Sergei Lazarev
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Introduction and synopsis

1.1 Introduction
Ecosystems and biodiversity are threatened worldwide, and multiple anthropogenic drivers are 
linked to the changes (IPBES, 2019). Five human actions have been identified as the most important 
threats: change in land and sea use, direct exploitation of organisms, climate change, pollution, and 
invasive species (Díaz et al., 2019; IPBES, 2019; Isbell et al., 2017; Tilman et al., 2017). One of the 
greatest centres of continental aquatic biodiversity today is the Pontocaspian region (Mamaev, 2002; 
Neubauer et al., 2015a; Wesselingh et al., 2019; Zaitsev and Mamaev, 1997). The Caspian Sea basin 
and parts of the Black Sea basin host a unique biodiversity of which the majority of species are 
endemic to these particular waters (Dumont, 2000; Kosarev and Yablonskaya, 1994). Several studies 
have indicated that Pontocaspian species richness in the two basins are now in demise because of 
anthropogenic threats to the ecosystem (Barannik et al., 2004; Mamaev, 2002; van de Velde et al., 
2019c, 2019a; Wesselingh et al., 2019).

To be able to develop adequate management and conservation programs, it is of great 
importance to understand how biodiversity changes and what the effects of natural and 
anthropogenic drivers are on diversity (Dietl et al., 2015). Often, conservation biology is focussed 
on local fluctuations in species richness (Primack et al., 2018) or short time series to analyse the 
anthropogenic effect on the diversity of species (Dornelas et al., 2014). While comparing species 
richness of human-disturbed sites versus recovered sites helps understanding the relative difference 
between the two moments in time and the ability of species to recover (Moreno-Mateos et al., 2017), 
it does not give any information on baseline data of biodiversity before human disturbance. To test 
ecological hypotheses about the influence of human drivers, we need to capture larger temporal 
fluctuations in diversity from ecosystems prior to human impact (Primack et al., 2018).

Historical baseline studies of diversity prior to human influence are scarce, which hampers our 
ability to estimate the nature and magnitude of the biodiversity decline. In this thesis, time series 
from the Pontocaspian basins are used to document late Quaternary faunal and biodiversity 
change, in order to capture mollusc diversity under natural variation and under current human 
impact. Characterising biodiversity variation in combination with independent reconstruction 
of past habitats is an essential step. Thereby it is necessary to constrain the paleohabitat to ensure 
similar habitats are compared in time. Diversity assessments from boreholes and snapshots from 
outcrops allow us to (1) examine faunal response (the change in diversity and abundance of species) 
to environmental change through time, (2) compare the communities prior to human impact to the 
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community structure under anthropogenic influence, and (3) improve conservation strategies to 
sustain biodiversity.

1.2 Biodiversity change in response to different drivers
Species diversity is influenced by the interaction of organisms, or the interaction between organisms 
and the environment (biotic and abiotic interactions respectively) (Jones et al., 1994). Within aquatic 
environments, abiotic factors determining species occurrences include oxygen, salinity, pH, nutrient 
levels, temperature regimes, sunlight, and lake floor sediment type. Biotic interactions include 
predation, parasitism, competition, and disease. Especially invasive species can have a disastrous 
effect on the diversity of species as they can bring foreign pathogens and/or outcompete native biota 
(Bax et al., 2003; Meinhardt and Gehring, 2012; Van Elsas et al., 2012). In the past few centuries, 
human activities have strongly increased a number of these drivers, including the expansion of 
invasive species, alteration or destruction of habitats, and pollution (Díaz et al., 2019; IPBES, 2019; 
World Wide Fund For Nature (WWF), 2018).

The resilience of species and communities is the resistance to change and the ability to recover 
(Levin and Lubchenco, 2008), in other words the capacity to survive perturbations caused by biotic 
and abiotic interactions. Organisms can recover from disturbances in their environment by either 
adapting to the new circumstances, shift their distribution ranges or by evolving into new species 
(Folke et al., 2010). Yet, the strong, concerted disturbances aggravated by humans seem above the 
capacity of many biota to recover, and organisms are facing increasing extinction (Folke et al., 2004; 
Lake et al., 2000). Independent of what factors influence the resilience of species, the resulting 

Fig. 1.1: Map of the Pontocaspian region with the indication of major basins, rivers, regions (from Wesselingh 

et al., 2019). Today’s brackish Black Sea, Caspian Sea, Azov and Aral Sea are the modern day water bodies that 

are the remaining fragments of the ancient seaway.
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evolution or extinction of species all cause a change in diversity (Micklin, 2007; Quintero et al., 
2010; Richter et al., 1997). Currently the global diversity is rapidly declining and extinction levels are 
much higher than natural background rates (IPBES, 2019).

Ecosystems are dynamic by nature and it is difficult to distinguish the drivers (natural of 
human) or combinations of drivers of species extinctions and diversity change. To identify the 
diversity of untouched ecosystems, historical snapshots of biota and geological records are needed 
that capture long-term variability of environments and species (Magurran et al., 2010; Willis et 
al., 2010). Once the compositional variability of communities under natural conditions is known, 
useful comparisons can be made with communities under human impact. Understanding natural 
resilience and the drivers of biodiversity change is essential to understand the current trajectories of 
biota (Martinelli et al., 2017; Seddon et al., 2016).

1.3 The Pontocaspian region as model system for biodiversity change
The Pontocaspian realm (Fig. 1.1), which includes the Caspian Sea, Black Sea, Azov Sea and 
Aral Sea, is a suitable model system for measuring biodiversity change. The region contains 
excellent geological successions, documenting both faunal evolution and the drivers of natural 
paleoenvironmental change, and is therefore appropriate for large temporal and spatial analysis of 
diversity (Yanina, 2012a). The Pontocaspian species that are now under threat of human activities 
share a history that resulted in a high degree of endemism and unique communities (Dumont, 1995; 
Kosarev and Yablonskaya, 1994; Lattuada et al., 2019b; Mamaev, 2002; Shiganova and Ozturk, 2009; 
van de Velde et al., 2019b, 2019a; Wesselingh et al., 2019).

Fig. 1.2: Classifying the waterbodies that are involved in the history of the water balance of the Pontocaspian 

realm. Ocean-River system adapted from Bulger et al. (1993), Venice classification based on Strydom et al. 

(2003. Anomalohaline definition adapted from van Harten (1990). CCB = central Caspian Sea basin, SCB = 

south Caspian Sea basin.
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The Caspian Sea is an oligohaline to mesohaline lake (Fig. 1.2). It is primarily fed by the Volga 
river in the north, which accounts for 80% of all fresh water input resulting in a strong north-south 
salinity gradient (Dumont, 1998). The current Black Sea is connected to the world oceans via the Sea 
of Marmara and is an upper mesohaline sea (Fig. 1.2). Dense saline water from the Mediterranean 
Sea, intermix with the fresh water layer that arrives from rivers into brackish conditions.

The Pontocaspian seas and lakes are the remains of an inland sea that stretched from Europe to 
central Asia in the Miocene (Laskarev and Cvijić, 1924; Piller et al., 2007; Popov et al., 2006; van der 
Boon et al., 2018). This huge marine water body, the Paratethys Sea, was formed by separation from 
the Proto-Mediterranean ocean through mountain uplift in the early Oligocene (Piller et al., 2007; 
Van Baak et al., 2013). Since then, the basin connectivity of the Black Sea and Caspian Sea basins, 
as well as their water balances, bathymetries, salinity regimes and the evolution of their faunas has 
been strongly controlled by tectonics and climate (Krijgsman et al., 2019).

During the late Miocene, the Central Paratethys evolved into the brackish Lake Pannon, while 
the Eastern Paratethys Sea covered the Dacian basin, Black Sea basin and the Caspian Sea basin 
(Popov et al., 2006). Faunas that developed in Lake Pannon probably migrated episodically through 
lake outflow into the Eastern Paratethys (Müller et al., 1999). Within the successive Paratethyan 
basins water budgets became dominated by river runoff, and a range of salinity regimes developed. 
The faunas evolved or were replaced by faunas adapted to anomalohaline settings (Krijgsman et al., 
2019).

The Black Sea basin and the Caspian Sea basin became separated during the Pliocene (Van 
Baak et al., 2013). Throughout the Pleistocene history the Black Sea and the Caspian Sea basins 
have been irregularly reconnected through overflows, resulting in different lake sizes, salinity 
fluctuations and changes in biotic assemblages (Forte and Cowgill, 2013; Svitoch, 2012; Yanina, 2014; 
Yanko-Hombach et al., 2007). During lowstands the basins were separated, and lake levels in the 
Pontocaspian domain were regulated by hydro-climatological processes (Kroonenberg et al., 2005; 
Nandini-Weiss et al., 2019; Yanina, 2014; Yanina et al., 2017b). During highstands of the Caspian 
Sea the basins were connected through the Manych strait and the exchange of (Pontocaspian) 
faunas could take place (Yanina, 2014). Interglacial highstands of the Mediterranean Sea connected 
the Black Sea basin to marine waters, which enabled marine faunas to enter the Black Sea basin 
and marginalise the Pontocaspian biota to the coastal regions (Yanina, 2012b). Marine settings and 
biota never reached the Caspian Sea basin during the Quaternary (Dumont, 1998; Krijgsman et al., 
2019). The successive lake phases in the Caspian Sea basin were characterised by anomalohaline 
conditions and variable influence of major rivers (Popov et al., 2006; Van Baak et al., 2013). The Aral 
Sea basin, a shallow basin to the north-east of the Caspian Sea, has at times also been connected 
to the Pontocaspian system (for example, during the Akchagylian lake phase; Krijgsman et al., 
2019). The precarious water balance resulted in repeated desiccation of the lake, even before human 
times (Boomer et al., 2000; Filippov and Riedel, 2009; Micklin, 2007). In the 20th century the Aral 
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lake almost completely vanished, thereby severely impacting the entire fauna (Boomer et al., 2000; 
Mainguet et al., 1997).

The Pontocaspian biota includes a high number of endemic species across a wide variety of 
systematic groups (Kosarev and Yablonskaya, 1994). They range from mammals, fish, and plants, 
to benthic fauna groups like molluscs, crustaceans and oligochaetes (Kosarev and Yablonskaya, 
1994; Kostianoy et al., 2005; Wesselingh et al., 2019; Fig. 1.3). Probably the best known species of 
the aquatic fauna is the Caspian seal, and the economically most valuable species for its caviar 
is the beluga (sturgeon). Within coastal areas Pontocaspian communities blend into fluvial 
communities: several Pontocaspian species occur within the deltas and lower river courses of 
adjacent rivers (Dumont, 1998; Grigorovich et al., 2003; Popov, 1970; Zhadin, 1952). In the Black 

Fig. 1.3: Examples of endemic Caspian species diversity: hydroids, molluscs, jellyfish, polychaete worms, 

shrimps and crayfish (from: Kosarev and Yablonskaya, 1994).
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Sea basin, a transition between Pontocaspian and marginal marine communities exists with little 
overlap of species occurrences (van de Velde et al., 2019a). The current level of Pontocaspian 
endemism is estimated between 42% (Dumont, 2000) and 60% (Kosarev and Yablonskaya, 1994) for 
the Caspian Sea, and 9.6% for the Black Sea (Shiganova and Ozturk, 2009). For individual groups, 
ratios of endemism may be even higher. For example, Wesselingh et al. (2019) estimated the ratio 
of endemism for Caspian molluscs at around 87% (85 endemic mollusc species out of a total of 98 
mollusc species).

The Pontocaspian ecosystems are altered and threatened by human activities. Within the Black 
Sea basin major human-driven changes are habitat alteration, eutrophication, contamination 
overfishing and invasions by alien species (Bologa and Sava, 2012; Leppäkoski and Mihnea, 1996; 
Zaitsev and Mamaev, 1997; Zolotarev, 1996). A very destructive form of eutrophication comes from 
waste matter from domestic, urban, agricultural and industrial establishments, which arrives via 
river run-off and decreases the quality of the sea water (Leppäkoski and Mihnea, 1996; Zaitsev and 
Mamaev, 1997). Brought by ballast water or attached to the surface of ships, invasive species have 
directly changed the composition of the Black Sea ecosystem (Gomoiu et al., 2002; Zaitsev et al., 
2004; Zolotarev, 1996). Several exotic species have arrived accidentally, like the jellyfish Mnemiopsis 
leidyi, but many other species were intentionally introduced as food source for fish stock, to reduce 
mosquito populations or as experiment to restore habitats (Gomoiu et al., 2002). Another serious 
problem is the changing coastline along the Black Sea (Zaitsev and Mamaev, 1997). Habitats are 
modified by erosion, building dams or changing river courses for economic purposes, thereby 
changing the water level and salinity gradients (Leppäkoski and Mihnea, 1996; Zaitsev and Mamaev, 
1997).

In the Caspian Sea basin similar anthropogenic processes affect the environment and 
Pontocaspian biota, of which the biggest contributions come from poaching, chemical pollution and 
invasive species (Agusa et al., 2004; Lattuada et al., 2019b). Industrial, domestic and agricultural 
waste waters flow via rivers into the sea, changing the physical and chemical properties of the water 
(Dumont, 1995; Kostianoy et al., 2005; Lattuada et al., 2019b). The chemical pollution with oil, oil 
products, phenols and detergents in the northern Caspian Sea is affecting specifically the shallow 
Caspian ecosystems (Dumont, 1995; Kostianoy et al., 2005; Lattuada et al., 2019b). Moreover, the 
regulation of rivers by dams starting in the 1930s changed the natural hydrological regime of the 
Caspian Sea; the disruption of the continuous water flow moreover hindered migration of fish 
(Dumont, 1995; Kosarev and Yablonskaya, 1994). Like in the Black Sea, the greatest impact on 
Pontocaspian biota in the Caspian Sea in the 20th century has been caused by the invasion of alien 
species (Albrecht et al., 2014; Grigorovich et al., 2003; Heiler et al., 2010; Kosarev and Yablonskaya, 
1994; Lattuada et al., 2019b; Orlova et al., 2004; Riedel et al., 2006; Therriault et al., 2004). An 
estimated 1800-fold increase in new species invasions rate in the Caspian Sea have been caused by 
anthropogenic activities, compared to the natural background rate in the previous two million years 
(Grigorovich et al., 2003). As for the Black Sea, some species were introduced accidentally, like the 

22

Chapter 1



bay barnacle that arrived with ships (Grigorovich et al., 2003), other species were introduced on 
purpose, like the worm Nereis diversicolor or the bivalve Abra segmentum (Kostianoy et al., 2005).

The successful spreading of invasive species in both the Black Sea and the Caspian Sea seems 
to be the result of a combination of two processes: the high adaptive capability of these invasive 
species, and the probably low competition potential of the endemic fauna (Zolotarev, 1996). A small 
portion of the Pontocaspian species have become invasive elsewhere, such as the two Dreissena 
species D. polymorpha and D. bugensis, which have invaded western-central Europe and North 
American fresh water ecosystems since the 19th century (Orlova et al., 2004, 2005).

The biggest anthropogenic threat altering the Pontocaspian habitat in the Aral Sea has been 
irrigation (Aladin et al., 2008; Boomer et al., 2000; Micklin, 2007; Plotnikov et al., 2016). The 
extraction of water tipped the very sensitive evaporation/precipitation balance of the Aral basin 
catchment, resulting in almost complete desiccation since the 1950s and the near-total obliteration 
of its faunas. By diverting water that comes from the two main feeding rivers the volume of the lake 
has been reduced by 60-90%, which increased the salinity from 9 psu to 30 psu and in some places 
even 100 psu (Aladin et al., 2008; Boomer et al., 2000; Micklin, 2007). Other anthropogenic threats 
include the pollution of rivers entering the lake with chemicals such as fertilisers, pesticides and 
defoliants (Boomer et al., 2000).

1.4 Molluscs as study group
The rich fossil record in the Pontocaspian region enables the documentation of the evolution of its 
biota (Krijgsman et al., 2019). Fossil occurrences inform us about past environments (“habitats”) as 
well as compositions of communities. Due to their strong outer shell, omnipresence and abundance 
in geological records molluscs are ideal fossils to use as paleoenvironmental proxies and to perform 
studies on deep-time species diversity. The autecology of mollusc species and communities, together 
with their taphonomic signature, sedimentology and isotope geochemistry, enables us to reconstruct 
habitats through time, which is imperative for comparison of biodiversity through time.

Four families dominate Pontocaspian mollusc faunas: Cardiidae and Dreissenidae are the 
main bivalve families and Hydrobiidae and Neritidae are the main gastropod families (Wesselingh 
et al., 2019). The modern endemic Pontocaspian cardiid species belong to four genera: Adacna, 
Monodacna, Hypanis and Didacna (Bogutskaya et al., 2013; Büyükmeriç and Wesselingh, 2018; 
Wesselingh et al., 2019). The latter genus lives today only in the Caspian Sea basin, species of the 
other genera occur both in the Black Sea basin and Caspian Sea basin. The four Pontocaspian 
dreissenid species all belong to the genus of Dreissena (Wesselingh et al., 2019). Two out of three 
Caspian Dreissena species probably became extinct in the 20th century. Pontocaspian neritids 
include only one genus, Theodoxus, of which four species are native to the Black Sea and one to 
the Caspian Sea (Wesselingh et al., 2019). The hydrobiids include the largest number of endemic 
Pontocaspian species, of which the main genera are Caspia, Clathrocaspia, Ulskia, Clessiniola, 
Laevicaspia, Turricaspia, Abeskunus, and Andrusovia (Neubauer et al., 2018; Wesselingh et al., 
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2019). The latter three genera occur today only in the Caspian basin. The generic classification of 
Pontocaspian hydrobiids is still a matter of debate (compare Anistratenko et al., 2019 and Neubauer 
et al., 2018).

The Pontocaspian genus Didacna has been thoroughly studied and is known for their use as 
indicator species (see extensive references in Nevesskaja, 2007; Yanina, 2013). Today the genus 
is restricted to the Caspian Sea basin, but in the past Didacna species occurred in the Black Sea 
basin as well as in the Dacian basin of Romania and the Anatolian basins of south-west Turkey 
(Wesselingh et al., 2019). Rapid evolution within this genus in both Black Sea basin and Caspian 
Sea basin has helped to establish precise biochronological zones subdividing the Quaternary records 
and identify episodes of basin connection (Nevesskaja, 2007; Yanina, 2012c). Yet in some cases the 
morphological variability in this genus still hampers clear species definitions. Attempts to resolve 
the taxonomic status with DNA analyses have been prevented by the scarcity of the living material 
that is available (Albrecht et al., 2014, A. Martínez Gándara, pers. comm. 2019).

Any diversity assessment is hampered by the lack of a sound taxonomic framework (Neubauer 
et al., 2018). Moreover, the phenotypic variability of many Pontocaspian molluscs is impeding our 
understanding of the species boundaries and numbers (Neubauer et al., 2018; Vinarski and Kantor, 
2016; Wesselingh et al., 2019). Especially the Pontocaspian gastropods are well known for their big 
morphological variability (Neubauer et al., 2018). Their overlap in size and minor morphological 
deviations in shape and whorl outline have caused confusion since their discovery (Filippov and 
Riedel, 2009; Kantor and Sysoev, 2006; Sitnikova et al., 1992). In the 20th century a plethora of 
species have been introduced, based on very small differences in shell shape and/or occurrences 
(Logvinenko and Starobogatov, 1969; Zhadin, 1952). Lately, DNA analyses and systematic analyses 
of species traits have again reduced the number of species based on a more refined understanding 
of the phenotypic plasticity of the Pontocaspian species (Anistratenko et al., 2017; Bouchet et al., 
2018; Neubauer et al., 2018; Wesselingh et al., 2019).

Today, introduced invasive mollusc species are one of the main factors severely impacting 
Pontocaspian mollusc diversity (Albrecht et al., 2014; Grigorovich et al., 2003; Heiler et al., 2010; 
Kosarev and Yablonskaya, 1994; Riedel et al., 2006). Due to the different geographic, environmental 
and salinity settings of the Pontocaspian basins, different species have become invasive in each 
basin. For example, the bivalves Mytilaster minimus, Abra segmentum and Cerastoderma glaucum 
have lived as native species alongside Pontocaspian species in the Black Sea basin, but have become 
invasive to the Caspian Sea basin (Kosarev and Yablonskaya, 1994; Latypov, 2015; Wesselingh et al., 
2019). Brought by ballast water or attached to the surface of ships, Rapana venosa, Mya arenaria, 
and Anadara inaequivalvis are the main invasive mollusc species affecting the marine biocoenoses 
of the Black Sea basin, but these species have not been able to disrupt Pontocaspian communities 
there (Gomoiu et al., 2002; Zaitsev et al., 2004; Zolotarev, 1996). Mytilopsis leucophaeata arrived by 
ship from the United States and is invasive in both basins (Heiler et al., 2010; Zhulidov et al., 2018). 
The Mediterranean Mytilaster minimus and the Pontocaspian Dreissena bugensis and Monodacna 
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Fig. 1.4: Overview of Quaternary palaeographical events in the Pontocaspian region, updated from Yanina 

(2014). Encircled numbers correspond to related chapters in this thesis. l.l. = lake level
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colorata, who were endemic to the northern Black Sea, are now invasive in the Caspian Sea 
(Wesselingh et al., 2019).

Currently, the endemic mollusc communities of the Pontocaspian realm are found in salinities 
between 0 psu and 13 psu. The Caspian Sea and its surrounding deltas are the main body of 
Pontocaspian habitat. In the Black Sea Pontocaspian communities are marginalised to coastal areas 
by impoverished marine Mediterranean fauna that occupy the main body (Bologa and Sava, 2012; 
Grigorovich et al., 2003; Kosarev and Yablonskaya, 1994; Mamaev, 2002; Wesselingh et al., 2019). The 
northern coastal zone of the Black Sea is where the major habitats for the Pontocaspian species can 
be found these days (Wesselingh et al., 2019). In the Azov Sea (which is an extension of the Black 
Sea) Pontocaspian species are abundant in the Taganrog Bay (Golikov and Starobogatov, 1966). The 
environment of the Aral Sea has been obliterated and all endemic Pontocaspian molluscs have been 
eradicated (Aladin et al., 2004, 2008; Wesselingh et al., 2019). Few Pontocaspian mollusc elements 
are found in satellite basins in Anatolia and its surrounding rivers (Sands et al., 2019b).

1.5 Aim and approach
The aim of this thesis is to establish natural baseline data for Late Quaternary community changes 
in the Pontocaspian region by using the geological record. By targeting faunas in the Caspian Sea 
basin and Black Sea basin it is possible to make an interbasinal comparison. Within each basin 
similar habitats through time are chosen. The documentation of biodiversity before human impact 

Fig. 1.5: Ways of connecting the Black Sea basin, Caspian Sea basin and marine basins.
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allows for identification of biodiversity change under anthropogenic impact of today, which will 
give insight into the resilience of Pontocaspian biota. To reach the objective, an interdisciplinary 
approach is used that combines conservation paleobiology, taphonomy, sedimentology, 
biostratigraphy and taxonomy.

1.5.1 Conservation paleobiology
Conservation paleobiology is a rapidly developing, socially relevant field that uses information 
from geohistorical records to address current problems in the conservation and restoration of 
biodiversity and ecosystem services (Dietl et al., 2015; Dietl and Flessa, 2011). By gathering core 
data from lakes, large amounts of data can be analysed relatively quickly and they cover long time 
frames of environmental and biological history (Wilke et al., 2016). Snapshots of well-preserved 
mollusc faunas can serve as detailed natural baselines for the spatial comparison of diversity and the 
reconstruction of palaeoenvironments (van de Velde et al., 2019c).

Biodiversity assessments are done by comparing species and communities within similar 
habitats: shallow waters of 0-50 m depth with a salinity of around 5-8 psu (practical salinity unit: 
dissolved salts in parts per thousand (‰)). Two components of species diversity are commonly used 
to quantitatively compare diversity across time and space: species richness, which reflects the number 
of different species in a community, and species abundance, which is the proportion of each species 
relative to the total number of organisms in the community. A variety of metrics are available for 
measuring these two factors (Humphries et al., 1995). Rarefaction is a technique to standardise and 
check the representativeness of samples (assess whether samples are large enough to show “true” 
diversity) by using rarefaction curves (James and Rathbun, 1981) and comparing richness and 
abundance directly between sites. This method is used in this thesis.

1.5.2 Taphonomy, sedimentology and biostratigraphy
The paleohabitats need to be constrained to ensure reasonable comparison of similar habitats in 
time. Sedimentological characteristics of the deposits are assessed to infer processes of deposition, 
transport and diagenesis of the molluscs therein. A taphonomic analysis of the molluscs, by 
studying their fossilisation processes, also helps in constraining the habitats (Dietl et al., 2015; 
Hart, 2012; Kidwell, 2013; Wesselingh et al., 2006). For example, energy levels, biotic interactions 
during life, post-mortem transport and time-averaging can then be identified (Kidwell, 2013). 
Time-averaging may severely distort the outcome of diversity analyses and thus our understanding 
of former community compositions and their change through time. Taphonomic approaches 
help to identify relatively undistorted associations (Hart, 2012; Kidwell, 2013). By combining this 
with sedimentology and autecology of the fauna, palaeoenvironments can be reconstructed and 
compared with similar habitats today.
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1.5.3 Taxonomy
The extent or nature of biodiversity loss cannot be properly evaluated without general agreement 
on the species identities (Sigwart et al., 2018). Within each studied fauna assemblage, a large series 
of specimens was used whenever possible, to assess morphological variability and assess species 
boundaries. The taxonomy of Pontocaspian molluscs is still in need of revision for many systematic 
groups, but a few recent studies have already contributed to our understanding (Anistratenko et al., 
2018, 2017; Sands et al., 2019a; van de Velde et al., 2019b; Wesselingh et al., 2019). In this thesis, the 
identified species are typically shortly discussed and illustrated in order to enable further discussion 
on Pontocaspian species concepts.

1.5.4 Time period under study
The Pontocaspian mollusc fauna has witnessed several minor and major turnover events during 
the Quaternary in both the Black Sea basin and the Caspian Sea basin (Krijgsman et al., 2019). The 
faunas under study represent the Late Pleistocene and Holocene stages (Marine Isotope Stages 1-5) 
and include glacial and interglacial intervals (Fig. 1.4). They capture the intervals of connection 
and isolation of the different basins (Fig. 1.4, 1.5). Faunas from successive Caspian Sea stages were 
studied across short and long time series. The studied sections/wells include known turnover events 
in the Pontocaspian basins, such as those during the Late Khazarian, Hyrcanian, Early Khvalynian, 
Late Khvalynian and Novocaspian transgressions, and the Neoeuxinian phase in the Black Sea. The 
studied time intervals contain essentially modern Pontocaspian faunas, which developed after the 
Apsheronian-Bakunian transition in the early-Middle Pleistocene (Lazarev et al., 2019).

1.6 Thesis outline
In this thesis, natural baseline data are established for Late Quaternary mollusc communities in the 
Pontocaspian region, thereby focussing on phases and locations where environmental conditions 
were similar to the conditions of today’s Pontocaspian habitats. In Chapter 2, a holistic approach 
is used to understand the dynamic history of the entire Pontocaspian system and its mollusc 
fauna since the Pleistocene. Major changes in water levels resulted in a system of basins that 
were sometimes connected and sometimes isolated, to which the Pontocaspian biota responded. 
Understanding regional history, including lake water levels and fauna evolutionary factors, is limited 
by ambiguous stratigraphic nomenclature and conflicting time constraints of regional sedimentary 
facies. An overview of the existing stratigraphy and geochronology of the Caspian Sea, the Black Sea 
and adjacent continental domains is presented. It allows for a better understanding of the succession 
of geological events, especially dealing with the major changes in interbasinal connectivity, which 
shaped faunal evolution. For this thesis the paleoenvironmental change and the characterization of 
known mollusc species from six stages in the Caspian Sea (Akchagylian, Apsheronian, Bakunian, 
Khazarian, Khvalynian and Novocaspian) and seven stages in the Black Sea (Kuyalnikian, Gurian, 
Chaudian, Uzunlarian, Karangatian, Neoeuxinian and Chernomorian) set the background for the 
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remaining chapters. Anthropogenic drivers that impact the current Pontocaspian ecosystems are 
discussed. Chapter 3 assesses the problematic taxonomy of current Pontocaspian mollusc species. 
It compiles a list of the current Pontocaspian mollusc species, necessary for Holocene mollusc 
biodiversity estimates. It discusses the species concepts, taxonomic uncertainties and an updated 
estimate of current species richness, which is used in the following chapters. Invasive mollusc 
species associated to Pontocaspian habitats are also assessed.

To be able to make an interbasinal comparison, the focus is first on the Caspian Sea basin 
mollusc assemblages. In Chapter 4 a Caspian Sea gastropod fauna of the Late Pleistocene is 
analysed. A revised taxonomic and systematic framework is proposed, with new concepts for 
selected the genera and species, with special focus on the revision of hydrobiid gastropods. 
A summary of the diversity of Late Pleistocene gastropods from the Caspian Sea is the first step 
necessary for the complete Pontocaspian mollusc fauna analysis of the Caspian Sea. Chapter 
5 details the bivalve fauna from the same Late Pleistocene assemblage. By combining the bivalve 
fauna with the gastropod fauna from Chapter 4, a natural Caspian mollusc diversity rich in endemic 
Pontocaspian species is described. The well-preserved in-situ assemblage serves as a natural baseline 
of a pre-invasive Pontocaspian fauna living in a shallow, lower mesohaline open-lake environment 
of the north Caspian Sea. Both species richness and relative abundances are assessed. It is the 
first completely documented Late Pleistocene in-situ fauna from the Caspian Sea. In Chapter 6 a 
baseline is set for pre-20th century Holocene mollusc assemblages of the Caspian Sea. The snapshot 
describes a diverse shoreface mollusc community that lived c. 2500 yrs BP. The mesohaline molluscs 
serve as the second reference point against which modern human-impacted mollusc diversity of 
the Caspian Sea can be evaluated. Chapter 7 gives an overview of the mollusc diversity within a 
65 m long north Caspian Sea core dating back to the early Khazarian (upper part of the Middle 
Pleistocene). For each of the time periods in the core an overview of the Pontocaspian mollusc 
diversity is given. The Late Khazarian, Hyrcanian, Early Khvalynian, Late Khvalynian assemblages 
serve as baselines prior to human impact. They are compared to Holocene assemblages of the 
Novocaspian transgression and to existing monitoring data of the current Caspian Sea mollusc 
assemblages. It is the first time a complete overview of mollusc richness and abundance is shown 
from several time intervals captured in a single spot.

The next two chapters focus on the Black Sea basin mollusc diversity. In Chapter 8 the 
Holocene mollusc diversity of Pontocaspian species in the Razim-Sinoie lagoon (at the western 
margin of the Black Sea) is described and analysed through time and space. The past 2000-
year history of the system is reconstructed and analysed to how Pontocaspian species reacted to 
changes in this highly dynamic environment. Our insights into faunal development and resilience 
have direct relevance for outlining conservation strategies for Pontocaspian biota. Chapter 9 gives 
an overview of a 124 cm Black Sea core that includes Holocene, Neoeuxinian and Surozhian (Late 
Pleistocene) faunas. The focus is on the Neoeuxinian fauna, which serves as the baseline of a pre-
invasive Pontocaspian fauna living in the Black Sea. At this time, the Black Sea was an oligohaline to 
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lower mesohaline lake with a largely endemic fauna, similar to the current Pontocaspian habitats in 
the marginalized areas on the Black Sea basin.

In Chapter 10, a synthesis of the results is presented and the findings are put in a broader 
perspective. Pontocaspian mollusc diversity patterns through space are summarized and compared 
(i.e. across the different basins), and the underlying processes are analysed and discussed. In 
addition, the resilience of Pontocaspian species is discussed, a light is thrown on the Pontocaspian 
biodiversity crisis and the mitigation of the crisisis is elaborated on. The final part of the discussion 
is focussed on recommendations for future research and actions
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Quaternary Pontocaspian  
mollusc history - an overview

Abridged from:
Krijgsman, W., Tesakov, A.S., Yanina, T.A., Lazarev, S., Danukalova, G.A., Van Baak, C.G.C., Agustí, 
J., Alçiçek, M.C., Aliyeva, E., Bista, D., Bruch, A., Büyükmeriç, Y., Bukhsianidze, M., Flecker, R., 
Frolov, P., Hoyle, T.M., Jorissen, E.L., Kirscher, U., Koriche, S.A., Kroonenberg, S.B., Lordkipanidze, 
D., Oms, O., Rausch, L., Singarayer, J., Stoica,, M., van de Velde, S., Titov V.V., Wesselingh, F.P., 
2019. Quaternary time scales for the Pontocaspian domain: Interbasinal connectivity and faunal 
evolution. Earth-Science Rev. 188, 1-40. http://doi.org/10.1016/j.earscirev.2018.10.013

Abstract
The Pontocaspian (Black Sea-Caspian Sea) region has a very dynamic history of basin development 
and biotic evolution. The region is the remnant of a once vast Paratethys Sea. It contains some of the 
best Eurasian geological records of tectonic, climatic and paleoenvironmental change. The Pliocene-
Quaternary co-evolution of the Black Sea-Caspian Sea is dominated by major changes in water 
(lake and sea) levels resulting in a pulsating system of connected and isolated basins. Understanding 
the history of the region, including lake level and faunal evolution, is hampered by indistinct 
stratigraphic nomenclature and contradicting time constraints for regional sedimentary successions. 
In this chapter we review the Quaternary mollusc fauna of the Pontocaspian domain.

2.1 Introduction
The Black Sea and Caspian Sea basins are the present-day remnants of the ancient Paratethys 
Sea (Laskarev, 1924), an epicontinental water-mass that developed since the earliest Oligocene in 
central Eurasia as the northern branch of the Tethys Ocean. It was separated from the southern, 
Mediterranean branch by the Alpine-Caucasus-Himalayan orogenic belt that progressively formed 
by ongoing tectonic collision of the Eurasian plate with the African-Arabian and Indian plates 
(Popov et al., 2006; Rogl, 1999). In Oligo-Miocene times, the Paratethys Sea covered large parts of 
Europe and Asia, stretching from southern Germany in the west to western China in the east. A 
complex combination of Mio-Pliocene tectonic uplift, glacio-eustatic sea level fluctuations, and 
sedimentation by major deltaic systems, progressively filled the marginal sedimentary basins in the 
west and east. Consequently, the Paratethys sea drastically retreated, which influenced the regional 
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climate of Eurasia (Ramstein et al., 1997) and facilitated mammal (including hominid) migration 
between Africa, Asia and Europe (Bar-Yosef and Belmaker, 2011).

Throughout its entire history, Paratethys formed a series of restricted basins, separated by 
shallow, tectonically active, gateways, that were extremely sensitive to small climatic and tectonic 
variations (e.g., Popov et al., 2006; Palcu et al., 2017). The semi-enclosed basin configuration resulted 
in extreme paleoenvironmental dynamics including anoxic, hypersaline, brackish to fresh water 
conditions. Some salinity regimes in the basin, that were supposed to require connectivity to the 
open ocean, have been a major scientific puzzle for many centuries (Fig. 2.1: Kircher, 1678). The 
long-lived isolated position of the basins, combined with the exceptional paleoenvironmental 
conditions, created faunal communities that are endemic to the Paratethys region, and that waxed 
and waned through geological history (e.g., Harzhauser et al., 2002). They obtained maximum 
extension during the latest Messinian (Lago-mare) times ~5.5 Ma, when Paratethyan faunas 
occupied the entire Mediterranean basin as well (e.g., Guerra-Merchán et al., 2010; Stoica et al., 
2016). Today the Paratethyan faunas are at their minimum: the so-called Pontocaspian communities 
are now almost entirely restricted to small enclaves in the major deltaic and estuarine systems of 
the northern Black Sea as well as the Caspian Sea (Grigorovich et al., 2003; Yanina, 2012b). The 
origin, evolution and migration of these characteristic Pontocaspian faunal elements is still not fully 
understood (e.g., Wesselingh et al., 2008). 

The Pliocene-Quaternary co-evolution of the Black Sea-Caspian Sea is dominated by major 
changes in sea/lake levels. These may have been driven by external components, resulting from 
opening and closing gateways to the Mediterranean or Arctic ocean, as well as by internal 
components where hydrological and climatic changes induced by glacial-interglacial cycles may 
have created periods of intermittent interbasinal connectivity (e.g., Badertscher et al., 2011; Yanina, 
2014). A simplified scenario is that the two basins were isolated during lowstands, when individual 
water levels, environmental conditions, and faunal composition were largely determined by the 
local hydrological budgets. The two basins became connected during highstands of the Caspian Sea. 
During such periods, overflow of the Caspian Sea through the Manych low-land connection north 
of the Greater Caucasus enabled faunal exchange (Fig. 2.1). Environmental conditions became 
similar in both basins by mixing of the water masses and consequently migration and blending of 
the Pontocaspian fauna took place. Additionally, the Black Sea became connected to marine waters 
of the Mediterranean during interglacial highstands and the Pontocaspian biota were marginalized. 
These marine transgressions did not reach the Caspian basin. Sea/lake level changes in the 
Pontocaspian region have been gigantic. Over 1000 m lake level rise has been proposed for the late 
Pliocene Productive Series – Akchagylian transition in the South Caspian basin (see van Baak et 
al., 2017 and references therein). Also on short time scales, lake level changes were very significant 
as shown by Caspian Holocene variations of ~100 m affecting historic settlements on the Caspian 
coast (Kroonenberg et al., 2007). The Quaternary sea/lake level history of the Black Sea-Caspian 
Sea domain is still enigmatic and awaits consistent interpretations, although significant progress has 
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been made recently by geochemical proxies (e.g. strontium ratios, oxygen isotopes) that may clarify 
the timing and amount of connectivity (Badertscher et al., 2011; Major et al., 2006).

Understanding the fundamental mechanisms and processes that influenced both the geological 
and historical changes in sea level, connectivity, climate, and environment (e.g. salinity, anoxia, etc.) 

Fig. 1: Krijgsman et al.

Fig. 2.1: Ancient map of the Pontocaspian region after Kircher (1678), who in his “Mundus Subterraneus” 

already envisaged that the Caspian basin must have been connected to the open ocean to explain its relatively 

high salinity (>10 psu) today. The Caspian Sea is in fact an isolated long-lived lake since at least 2.6 Ma. Kircher 

considered a subterraneous channel to the Persian Gulf for the marine connection. The location of this marine 

connection is still enigmatic today.
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is also crucial for a coherent understanding of the future economical and sustainable developments 
in the region. The immensely rich hydrocarbon fields of both the Black Sea and especially the South 
Caspian basin are the product of changing interbasinal connectivity, that generated the anoxic 
source rocks of the Oligocene Maikop Series, the deltaic reservoir rocks of the Pliocene “Productive 
Series” and the brackish water cap rock of the Plio-Pleistocene Akchagylian clays (e.g., Hinds et al., 
2004; Vincent et al., 2010). Paleoenvironmental changes in the region are causing the biodiversity 
crisis that the Pontocaspian fauna is experiencing today (e.g., Grigorovich et al., 2003; Popa et al., 
2009).

One of the key problems to understand the complex and intertwined geological history of the 
Pontocaspian region is the absence of reliable stratigraphic correlations between the Black Sea and 
Caspian Sea and between the lake/marine and continental domains. The lack of open marine faunal 
assemblages in the Paratethys generally hampers a straightforward correlation to the standard 
geological time scale, and the presence of mainly endemic faunas resulted in regional time scales 
for the different Paratethyan subbasins (e.g., Hilgen et al., 2012; Nevesskaja et al., 2003). For the 
Quaternary, individual time scales have been developed for the Caspian and the Black Sea region, 
both mainly based on their own characteristic faunal (usually mollusc) assemblages from rich, 
but local sites (e.g., Yanina, 2014). Cross-correlation has mainly been done on biostratigraphic 
arguments, because radiometric, magnetostratigraphic and astronomical data are scarce and/
or their results controversial. Carbon dating has been thoroughly applied to Holocene rocks (e.g., 
Yanina, 2014 and references therein), but radiometric datings (K/Ar or Ar/Ar) of older Quaternary 
rocks are very rare, because of the common lack of intercalated volcanic ashes (e.g., Chumakov 
and Byzova, 1992). Magnetostratigraphic correlations to the geomagnetic polarity time scale have 
been widely produced for the lower Quaternary successions (e.g., Molostovsky, 1997). They are 
more problematic for rocks younger than 780 kyr (last full reversal of the magnetic field), because 
there this technique only works if it is possible to sample with a resolution that is high enough (< 1 
ka) to pick up the reversal excursions of the Brunhes chron (Laj and Channell, 2007; Singer et al., 
2014). Consequently, many of the regional stage boundaries are still poorly dated and serious age 
uncertainties exist between the current geological time scales for the region.

Here, we present a comprehensive overview of the existing stratigraphic and geochronologic 
data for the Caspian Sea and the Black Sea. The main result will be an update of the Quaternary 
geological time scale for the Pontocaspian region which will allow better understanding of 
the succession of geological events, especially dealing with the major changes in interbasinal 
connectivity and faunal evolution.
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2.2 Quaternary Time Scales of the Pontocaspian domain

2.2.1 The Caspian Sea region
The Caspian Sea is a lake: it is the world’s largest endorheic water body (Fig. 2.2) extending over 
1200 km in latitude (36°-47°N), and 195-435 km in longitude (46°-56°E). The surface area and water 
volume of the Caspian basin critically depend on the regional hydrological balance. The Caspian 
Sea is divided into three subbasins of roughly similar surface area, but widely differing in depth and 
volume. The north Caspian basin (<15m deep, 1% volume) is separated by the Mangyshlak sill from 
the Middle Caspian basin (<800m, ~33%) which is in turn separated by the Apsheron threshold 
from the South Caspian basin (<1025m, ~66%) (Panin et al., 2005; Zonn et al., 2011). At present, 
Caspian water level is ~27 m below global sea level, which gives a surface area of ~371,000 km2 
and volume of ~78,200 km3. The Caspian basin is a huge reservoir of anomalohaline (often referred 
to as brackish) water. It is highly sensitive to climatic changes in its catchment area (3.5 million 
km2), which extends far northward to the central part of the East European Plain (Panin et al., 2005; 
Zonn et al., 2011). During the Quaternary, the catchment extended to include almost entire Central 
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Late Kimmerian / Sabunchi Suite
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Late Pliocene (~2.6 Ma)
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Legend - paleogeographic maps

Fig. 3: Krijgsman et al.

Fig. 2.3: Paleogeographic maps for the Plio-Pleistocene Pontocaspian region. a) Middle Pliocene; b) Late 

Pliocene; c) Early Pleistocene; d) Middle Pleistocene. Based on Vinogradov, 1961, 1969 and Abdurakhmanov et 

al. (2002).
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Asia. Today, the Caspian catchment contains forests and steppes in the Volga and Ural valleys and 
mountainous forests and arid regions in the Caucasus and Transcaspian areas. The salinity of the 
present-day Caspian Sea changes from 1 psu near the Volga delta in the north to 13.5 psu in the 
south (Dumont, 1998). The Volga discharge provides 85-90% of the total fresh water influx and 
forms the main element in the hydrological budget (Agapova and Kulakova, 1973; Mamedov, 1997; 
Zonn et al., 2011).

In late Miocene (Pontian) times the Caspian basin was still connected to the Black Sea, forming 
the final phase of the ancient Paratethys Sea (Krijgsman et al., 2010; Popov et al., 2006, 2004). The 
Caspian basin became isolated from the Black Sea in the earliest Pliocene (van Aartsen et al., 2016a), 
when a major drop in its water level resulted in far southward retreat of lake environments and an 
associated progradation of the Volga’s fluvio-deltaic deposits that reached the South Caspian basin 
(Fig. 2.3a). This so-called Productive Series is the main South Caspian hydrocarbon reservoir unit 
(e.g., Hinds et al., 2004). The nature and extent of lake conditions in the southern basin at the time 
are unknown as these deposits are often several km below surface. Since its isolation from the Black 
Sea and open ocean, the Caspian basin has experienced numerous transgressions and regressions 
with water level fluctuations of several tens to hundreds of meters resulting in enormous changes 
of its shoreline, especially in the flat northern part (Svitoch, 2010a; Varuschenko et al., 1987; 
Yanina, 2014). Our review of the Caspian stratigraphy starts with the late Pliocene Akchagylian 
transgression that resulted in the first of several lake phases that extend all the way to the modern 
Caspian Sea. Here we review the definitions and commonly used Plio-Quaternary stratigraphic 
subdivisions in the Pontocaspian domain, including their geochronological constraints, which allow 
a detailed correlation of the Caspian Sea with the Black Sea and the terrestrial and global ocean 
records.

2.2.1.1 Akchagylian
During the Akchagylian age (late Pliocene-earliest Pleistocene) the largest Caspian transgression 
occurred, with shores extending well into the middle Volga and southern Urals to the north as well 
as the Sea of Azov in the west and the Aral Sea in the east (Fig. 2.3b). The Caspian basin was a saline 
lake with major endemic faunal radiations but also events occurred that saw the introduction of 
marine foraminifera.

The Akchagylian mollusc faunas are best characterised by the high number of endemic 
mactrid and cardiid bivalve species (Danukalova, 1996). The Akchagylian is often subdivided into 
three substages, based on its mollusc assemblages (Ali-Zade, 1954; Golubyatnikov, 1908, 1904; 
Kolesnikov, 1940; Paramonova, 1994; Yakhimovich et al., 1970). The lower substage is marked 
by low variety of genera and species containing Aktschagylia subcaspia, A. karabugasica, A. 
inostrantzevi, Cerastoderma dombra. The middle substage is characterized by high species numbers 
within the genera Aktschagylia, Andrussovicardium, Miricardium and Avicardium. The upper 
substage is characterized by low numbers of mollusc species including Aktschagylia subcaspia, A. 
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ossoskovi, Cerastoderma dombra and species of Dreissena and Theodoxus. The gastropods Pirenella 
caspia s.l., “Clessiniola” intermedia, “C.” utvensis, and “C.” vexatilis occur in all substages. The usage 
of this threefold scheme may lead to an arbitrary allocation of units, especially as it is only based 
on high or low mollusc species richness. For example, other investigations demonstrated that 
middle Akchagylian molluscs appeared at different stratigraphical levels, which led to an alternative 
subdivision of the Akchagylian in two substages (Danukalova, 1996; Nevesskaja et al., 2003; Popov, 
1969; Trubikhin, 1977).
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Fig. 2.4: Plio-Quaternary time scales for the Pontocaspian domain. GPTS with Systems and Stages are after 

Hilgen et al. (2012), oxygen isotope curve with numbered Marine Isotope Stages (MIS) is after Lisiecki and 

Raymo (2005). M=Mammoth (C2An.2r), K=Kaena (C2An.1r), R= Reunion (C2r.1n), O=Olduvai (C2n), C.M.= 

Cobb Mountain (C1r.2n), J=Jaramillo (C1r.1n). Ages of the Cobb Mountain Subchron are after Channell (2017). 

On the right side are the time scales for the Caspian basin, Black Sea basin and the terrestrial domain (mammal 

(MN/MQ) zonation and regional (MNR/MQR) biochronological units).
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Most evidence and interpretations converge towards two different ages for the base of the 
Akchagylian (Fig. 2.4). The “classic option” mainly relies on the magnetostratigraphic correlation 
of the Pyrnuar section and dates the base of the Akchagylian to the base of the Gauss at an age of 
3.6 Ma. This is the officially accepted age in Russian stratigraphy (Interdepartmental Stratigraphic 
Committee of Russia (ISC), 2003; Nevesskaja et al., 2005). The “young option” mainly depends on 
sections in Azerbaijan, where the integration of 40Ar/39Ar dating and magnetostratigraphy indicates 
an age of 2.7 Ma for the base of the Akchagylian, in the uppermost normal part of the Gauss chron 
(Khramov, 1960; Van Baak, 2015).
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Fig. 2.5: Schematic reconstruction of the Black Sea and Caspian Sea water-level curves in comparison to 

global oxygen isotopes records of Lisiecki and Raymo (2005) during the Pleistocene to Holocene. Associated 

interbasinal water exchanges marked by arrows pointing to the right for Mediterranean waters flooding into 

the Black Sea, arrows pointing to the left for Caspian Sea waters flooding into the Black Sea and double arrows 

for bidirectional water exchange between Black Sea and Caspian Sea. N.B. Two options exist in literature 

regarding the position of the Singilian: *Svitoch (2013b and references therein) and **Zastrozhnov et al. (2018 

and references therein).
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2.2.1.2 Apsheronian
Caspian Sea conditions in the Early Pleistocene Apsheronian were similar to today. The Caspian 
basin was occupied by an anomalohaline lake. A major salinity decrease during the late Akchagylian 
corresponds with the almost complete extinction of characteristic Akchagylian bivalve faunas and 
subsequently the typical Apsheronian fauna evolved. This endemic fauna became increasingly 
dominated by extant endemic Caspian groups. During the Apsheronian, the Caspian basin was 
mostly an isolated basin that may have had rare, short-lived connections only to the Black Sea via 
the Manych Strait (Fig. 2.3c).

The Apsheronian Stage is subdivided into three substages, based on changes in the composition 
of the mollusc fauna (Andrusov, 1923; Kolesnikov, 1940; Zhidovinov et al., 2000; Sidnev, 1985). The 
lower substage is characterized by a species-poor assemblage of low saline to fresh water bivalves 
(Dreissena, Corbicula, Apsheronia) and gastropods (Lymnaea, Streptocerella, Turricaspia, Theodoxus). 
The middle substage is marked by the first occurrence of the mollusc genera Parapsheronia 
and Didacna. The upper zone is characterized by a general depletion of the saline fauna and the 

Marine water Brackish / Fresh water

Legend - paleogeographic maps

?
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Fig. 7: Krijgsman et al.

Fig. 2.6: Paleogeographic maps for the Late Pleistocene Pontocaspian region. Arrows indicate the water flow 

direction in the gateway regions. All maps are based on Yanina (2014).
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disappearance of the ribbed apsheronids of the middle interval. This upper (Tyurkyanian) interval is 
poorly recognizable in many parts of the Caspian basin and in some regions only a twofold division 
has been used (Stratigraphy…, 1982).

The Tyurkyanian stage was defined by Khain (1950) for the continental deposits (up to 100 m) 
between the Apsheronian and Bakunian successions (Stratigraphy…, 1984). These deposits contain 
fresh water molluscs (Viviparus diluvianus, Valvata piscinalis, V. antiqua, Bithynia sp., Lithoglyphus 
naticoides, Pisidium amnicum, P. cf. supinum, P. cf. subtruncatum, Sphaerium rivicola, Unio sp., 
Dreissena sp.) and correspond to a strong (~150 m; Fig. 2.5) regression phase (Danukalova et al., 
2017; Svitoch, 2013; Yanina, 2012; Zastrozhnov et al., 2018). We consider the Tyurkyanian as the 
upper part of the Apsheronian.

Two different ages exist for the top of the Akchagylian/base of the Apsheronian (Fig. 2.4). The 
official geological time scale of Russia dates the Akchagylian/Apsheronian boundary at 1.8 Ma, 
resulting in a “long Akchagylian” of 1.8 Myr. The alternative correlation, based on the Duzdag 
section of Azerbaijan, dates this boundary at >2.1 Ma, suggesting a “short Akchagylian” of 0.6 Myr if 
the age of 2.7 for the base Akchagylian in Azerbaijan is used, or an “intermediate Akchagylian” of 1.5 
Myr if the age of 3.6 Ma for the base of the Akchagylian is used (Fig. 2.4).

2.2.1.3 Bakunian
Conditions in the Middle Pleistocene Bakunian stage resembled the modern Caspian Sea in size, 
fauna and salinity regimes (Fig. 2.3d). During highstands punctuated overflows towards the Black 
Sea existed. Widespread carbonate rocks formed during warmer phases of the Bakunian in the 
South Caspian basin; these are the main source for building material there.

The mollusc fauna of the Bakunian stratotype is characterised by a number of bivalve species 
including Didacna parvula, D. catillus, D. rudis, D. carditoides, D. eulachia, D. mingetschaurica, D. 
pravoslavlevi, D. lindleyi. The taxa D. parvula and D. catillus are index-species, while D. rudis and 
D. carditoides are considered characteristic species (Bogachev, 1932a, 1932b; Fedorov, 1978, 1957; 
Nevesskaja, 2007; Svitoch et al., 2013, 1992; Vekilov, 1969; Yanina, 2005).

The base of the Bakunian is determined by a significant transgression that reached its maximum 
extent in the first half of the Middle Pleistocene (=lower Neopleistocene), but was much smaller 
than the Akchagylian transgression (Fig. 2.3c). The presence of Bakunian Didacna parvula, D. rudis, 
D. carditoides, D. catillus in the Black Sea (Chaudian Stage) and in the Manych Depression (Fedorov, 
1978; Popov, 1983a; Svitoch et al., 1998, 2010; Yanina, 2005, 2006) represents Caspian overflows into 
the Black Sea basin through the Manych Strait.

The Bakunian Stage is commonly subdivided into two substages based on different mollusc 
fauna, in particular the bivalve genus Didacna (Yanina, 2012a). Three morphological groups of the 
Didacna genus exist: the crassoidal, catilloidal and trigonoides groups (Nevesskaja, 2007; Svitoch, 
1967; Yanina, 2005; Yanina et al., 2013). The faunas of the lower Bakunian are dominated by the 
first two groups and furthermore includes taxa like Didacna parvula, D. catillus and D. fedorovi. In 
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addition, Dreissena rostriformis is widely distributed. The most characteristic species are Didacna 
parvula and D. catillus. The upper Bakunian predominantly contains Didacna’s of the transitional 
crassoidal-catilloidal group (D. rudis, D. carditoides) and crassoidal group (D. eulachia, D. 
mingetchaurica, D. pravoslavlevi, D. bacuana) and representatives of the catilloidal and trigonoidal 
groups are rare. The most characteristic species are Didacna rudis, D. carditoides and D. eulachia 
(Nevesskaja, 2007; Yanina, 2013a, 2013b).

The Urundzhikian stage has been defined by Fedorov (1946) as an independent stratigraphic 
unit corresponding to the final stage of the Bakunian transgressive cycle (Fedorov, 1999, 
1993). Urundzhikian deposits are characterized by numerous Didacna species: D. eulachia, D. 
mingetschaurica, D. pravoslavlevi, D. colossea, D. shirvanica, D. bergi, D. karelini, D. porsugelica, D. 
čelekenica, D. rudis, and D. carditoides. Trigonoidal and catilloidal Didacna’s are rare. Characteristic 
species are D. eulachia, D. pravoslavlevi and D. kovalevskii. The size of the endorheic Urundzhikian 
lake phase slightly exceeded the area of the modern Caspian Sea. Here, we consider the 
Urundzhikian as the upper part of the Bakunian.

The large size and thickness of Didacna shells and the high carbonate content of Urundzhikian 
sediments suggest warm climatic conditions. The Urundzhikian transgression is consequently 
correlated to the interglacial stage MIS 11 (Svitoch and Yanina, 2007; Yanina, 2012b). The age of the 
lower Bakunian boundary is constrained to the age interval between 0.88 and 0.75 Ma (Fig. 2.4). The 
official geological time scale of Russia places the Apsheronian/Bakunian boundary at the Brunhes/
Matuyama reversal at an age of 0.78 Ma.

2.2.1.4 Khazarian
During the Middle-Late Pleistocene Khazarian and Hyrcanian phases the Caspian Sea experienced 
large sea level changes and episodic overflow into the Black Sea occurred (Fig. 2.5). In between 
these high-stands, deep regressions took place and essentially the modern Caspian system evolved.

The early Khazarian transgression corresponds to a sea level high stand of +15 m (Fedorov, 
1957; Rychagov, 1997; Vasiliev, 1961) or +20-25 m (Svitoch and Yanina, 2007). It is characterized 
by the broad development of the trigonoidal group of didacnas (Didacna subpyramidata, 
D. paleotrigonoides, D. gurganica, D. mishovdagica, D. trigonula, D. trigonoides chazarica), 
representatives of the crassoidal group (Didacna pravoslavlevi, D. nalivkini, D. delenda, D. 
apscheronica, D. ovatocrassa, D. subcrassa, D. pontocaspia tanaitica) and rare species of the catilloidal 
group (Didacna dilatata, D. subcatillus, D. vulgaris, D. lindleyi, D. adacnoides). Characteristic species 
for the lower Khazarian are Didacna subpyramidata and D. paleotrigonoides. Numerous other 
anomalohaline molluscs are present as well (Monodacna caspia, Hypanis plicatus, Adacna vitrea, 
etc.).

The late Khazarian transgression (Fig. 2.6a) corresponds to a sea level high stand of -10 m 
(Kaplin et al., 1977; Popov, 1983a; Svitoch and Yanina, 1997), but lacked any connection with the 
Black Sea basin (Fig. 2.5). Common gigantism of shells, high carbonate content in the sediment, and 
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the presence of oolites indicates warm climate conditions (Yanina, 2014). Salinities ranged between 
10 to 12 psu in the northern part and up to 14-15 psu in the southern part of the Caspian basin, 
i.e. higher than today (Yanina, 2014). Pollen assemblages testify to moderately warm interglacial 
climates (Abramova, 1974).

The upper Khazarian is marked by widespread species of the crassoidal Didacna group 
(Didacna surachanica, D. subcrassa, D. hyrcana, D. nalivkini, D. delenda, D. ovalis, D. karabugasica, 
D. subovalis, D. ovatocrassa, D. schuraosenica). Trigonoidal and cattiloidal forms are rare. The index 
species of the upper Khazarian is Didacna surachanica (Fedorov, 1957; Nevesskaja, 2007; Yanina, 
2005). In more oligohaline and fresh-water deposits Corbicula fluminalis is common.

After the main late Khazarian transgression, but before the Khvalynian transgression, another 
transgression has been described from boreholes in the north Caspian basin; the Hyrcanian (or 
Girkanian) transgression (Fig. 2.5; Popov, 1955, 1967; Goretskiy, 1957; Yanina, 2013; Sorokin et al., 
2018). Hyrcanian deposits contain “Khvalynian-like” fauna of Didacna subcatillus, D. cristata, D. 
pallasi, D. subcrassa, but also the mainly freshwater Corbicula fluminalis. The widespread occurrence 
of C. fluminalis is indicative of the warm water character of the basin. The Hyrcanian mollusc fauna 
in the Manych Depression shows that Caspian waters were draining to the Black Sea (coevally with 
the last phase of the Karangatian transgression in that basin) through the Manych Strait (Popov, 
1983a; Yanina, 2014).

The Khazarian sediments (including the Hyrcanian in their upper part) are generally separated 
from the lower Khvalynian deposits by the Atelian regression (Fig. 2.5), when the Caspian Sea level 
was significantly lowered (Fig. 2.6b). Based on seismic-acoustic profiling, the maximum lowstand 
during the Atelian is estimated at -120 to -140 m (Lokhin and Maev, 1990; Maev, 1994). Vast areas of 
the Caspian shelf were exposed and river incisions were deep (Fedorov, 1978; Rychagov, 1997)..

Most age constraints indicate that the upper Khazarian deposits have an age between 125-85 
ka, corresponding to MIS 5 (Fig. 2.7). The Hyrcanian transgression corresponds to the final part 
of the interglacial interval MIS 5a (85 ka). The Atelian regression then most likely peaked at an age 
of 85-75 ka. The final phase of regression is dated by OSL at 48±3 (Yanina et al., 2017c) and by 14C 
at 45-41 ka (Bezrodnykh et al., 2017) suggesting it corresponds to the first half of the interstadial 
warming of MIS 3.

2.2.1.5 Khvalynian
The Khvalynian stage developed in the Late Pleistocene glacial period. Very high transgressions 
with an overflow event towards the Black Sea interchanged with very deep regressions. The 
Khvalynian transgression is by far the most extensive sea-level rise in the Late Pleistocene history 
of the Caspian Sea (e.g., Yanina, 2014) (Fig. 2.6c). Salinities were somewhat depressed compared to 
today and a unique landscape (Baer knolls) developed in the north Caspian plains. Palynological 
data confirm a cold climate (Abramova, 1974; Yakhimovich et al., 1986). The early Khvalynian water 
level reached +50m, and Caspian Sea water spilled over to the Black Sea via the Manych Strait (e.g., 
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Fig. 2.7: Quaternary time scales for the Pontocaspian domain. GPTS with Systems and Stages is after Hilgen et 

al. (2012), oxygen isotope curve with numbered Marine Isotope Stages (MIS) is after Lisiecki and Raymo (2005). 

On the right side are the time scales for the Caspian basin and the Black Sea basin.

345

LR04 δ18O (‰)

1
2

6

10

12

14

16

18

20

5

7

9

11

15

8

A
ps

h.

Ch
au

di
an

U
zu

nl
ar

ia
n

Ka
ra

ng
at

ia
n

Neoeuxinian
Chernom-n

Kh
az

ar
ia

n
Kh

va
ly

ni
an

Novocaspian

BL
AC

K 
SE

A
BA

SI
N

CA
SP

IA
N

 S
EA

BA
SI

N

Br
uh

ne
s

G
PT

S 
20

12

Ca
la

br
ia

n
Io

ni
an

Q
u

at
er

n
ar

y

Ta
ra

nt
ia

n

Ba
ku

ni
an

Holocene
Sy

st
em

Su
bs

er
ie

s/
St

ag
es

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

A
ge

, M
a

?

Fig.8: Krijgsman et al.

46

Chapter 2



Popov, 1983; Varuschenko et al., 1987; Yanina, 2014). During this period the northern Caspian 
basin was much larger than today (Fig. 2.6c).

The lower Khvalynian and upper Khvalynian are separated by the Enotaevka regression 
(Brotsky and Karandeeva, 1953), which reached a maximum lowstand at -105 m (Maev, 1994). 
According to pollen data, arid cool climate conditions existed (Sorokin et al., 1983). During the late 
Khvalynian transgressive stage, sea level reached about 0 m (which is 27 m above todays Caspian 
levels: (Fedorov, 1957; Leontiev et al., 1975; Varuschenko et al., 1987). No overflow to the Black Sea 
existed.

In the lower Khvalynian Didacna ebersini, D. parallella, D. protracta are abundant, while D. 
cristata, D. subcatillus, D. praetrigonoides, D. delenda and D. zhukovi are rare. Characteristic species 
are D. parallella and D. protracta. On the eastern coast, these species are replaced by D. cristata and 
D. zhukovi. The thin shells of these molluscs indicate relatively low water temperatures compared to 
the present-day Caspian Sea. The structure of mollusc fauna is indicative of relatively low salinities, 
although regional variations existed. Salinities in the northern Caspian basin (3-4 psu) were 
slightly higher than today, whereas salinities in the southern basin (~11 psu) were slightly lower 
(Yanina, 2014). The upper Khvalynian deposits comprise clays, silts and sands with Monodacna 
caspia, Dreissena polymorpha, D. grimmi, and gastropods. Multiple Didacna species include D. 
praetrigonoides, D. parallella, D. protracta, and more rarely D. subcatillus. Didacna praetrigonoides, 
a rare species in the early Khvalynian, became dominant. The salinity of the main water body of 
the late Khvalynian basin was very similar to the early Khvalynian (Yanina, 2014). The relative 
abundance and thick shells of the molluscs indicate warmer conditions in late Khvalynian times 
then during early Khvalynian. Palynological data confirm a general warming of the Caspian region 
(Abramova, 1974; Grichuk, 1954; Sorokin et al., 1983; Vronsky, 1976, 1974; Yakhimovich et al., 1986).

Most age constraints for the base of the Khvalynian converge on an age of 35 ka (young option), 
while the top is estimated at ~10 ka (Fig. 2.7). The age of the maximum Enotaevka regression 
separating the lower and upper Khvalynian is around ~15 ka.

2.2.1.6 Novocaspian
The Holocene Novocaspian stage represents the modern Caspian Sea settings and faunas. The 
Novocaspian is separated from the upper Khvalynian by the regressive Mangyshlakian facies 
(defined by Zhukov, 1945), that represents the deltaic progradation of the Volga and Ural rivers 
during a major sea level fall up to -80 m or even -113 m (Fig. 2.5, 2.6d) (Bezrodnykh et al., 2015, 
2004; Varuschenko et al., 1987). The Mangyshlakian deposits contain peats and sands with 
plant detritus and species poor assemblages of fresh water and oligohaline molluscs (Dreissena 
polymorpha, Lymnaea, Unio) but lack Didacna species (Sorokin, 2011).

The Novocaspian mollusc fauna is marked by various Didacna species of the crassoidal 
and trigonoidal groups: Didacna crassa, D. baeri, D. trigonoides, D. pyramidata, D. longipes, D. 
barbotdemarnii. In addition, numerous other anomalohaline molluscs are present like Monodacna 
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caspia, Hypanis plicatus, Adacna vitrea, etc. Characteristic for the Novocaspian are the species D. 
baeri and D. trigonoides, plus the entry of Cerastoderma glaucum (Fedorov, 1953, 1957). The 
uppermost beds contain Mytilaster minimus and Abra segmentum, which were anthropogenically 
introduced into the Caspian from the Azov/Black Sea during the 20th century. Spores and pollen 
spectra contain up to 25% of tree pollen, mainly pine and birch, indicative of the relatively humid 
climate in the Holocene (Sorokin, 2011).
Judging from the absolute age determinations, the Mangyshlakian regression peaked between 
10 and 8 ka, and the Novocaspian deposits are all younger than 7 ka (Fig. 2.7). The AMS 14C data 
from boreholes in the Volga delta suggest a lowstand around 8000 yrs BP. Volga delta data indicate 
a continuously rising sea level between 5000 and 3000 yrs BP until a highstand was reached at -25 
m around 2600 yrs BP (Overeem et al., 2003; Kroonenberg et al., 2008). During the historically 
well-known mediaeval Derbent regression (Rychagov, 1997) Caspian Sea levels dropped to -34 m, 
and possibly even -45 m as recorded in the deeper parts of the offshore Kura delta in Azerbaijan. 
A second highstand around 300 yrs BP is documented in an outermost barrier in Dagestan 
(Kroonenberg et al., 2007). The two highstands appear to coincide with two well-known periods 
of increased precipitation in Eurasia, the 2600 yrs BP event (Van Geel and Renssen, 1998) and the 
Little Ice Age, whereas the Derbent regression seems to be coeval with the Warm Mediaeval Period 
(Kroonenberg et al., 2007).

2.2.2 The Black Sea region
The Black Sea is today a marginal sea of the Mediterranean (Fig. 2.2) and has a surface area of 
436,400 km2 (excluding the Sea of Azov), a maximum depth of 2,212 m, and a volume of 547,000 
km3. Its E-W extent is about 1175 km (27°27’-41°42’) and it stretches ~800 km N-S (46°33’-
40°56’). At present, it is the world’s largest meromictic water body; deep waters do not mix with 
the upper water layers that receive oxygen from the atmosphere. As a result, over 90% of the deep 
Black Sea volume is anoxic. Circulation patterns are primarily controlled by basin topography and 
fluvial inputs, which result in a strongly stratified vertical structure. The Black Sea has a positive 
freshwater balance: it receives more fresh water from the rivers and rainfall than it loses from 
evaporation. The Black Sea consequently experiences an estuarine type of water transfer with the 
Mediterranean Sea via a shallow threshold (35-40 m) at the Bosporus Strait, with bottom inflow of 
dense Mediterranean water below a surface outflow of fresh Black Sea water into the Marmara Sea. 
The salty Mediterranean inflow mixes with the basin’s fresher waters, which results in an average 
salinity of 18-22 psu for the Black Sea surface waters, i.e. much lower than the Mediterranean (37-38 
psu).

During Quaternary to Recent times, periods of isolation and episodic connection with 
the Mediterranean Sea (through the Marmara and Aegean seas) largely controlled the 
paleoenvironmental conditions in the Black Sea (Badertscher et al., 2011; van Aartsen et al., 2016b; 
Zubakov, 1988). The ancient Bosporus Strait may have been slightly deeper than today, as the sill 

48

Chapter 2



depth in the Palaeozoic bed rock is estimated at ~85 m in the Dardanelles Strait (Algan et al., 2001). 
However, the Bosporus gateway itself evolved only in the Middle Pleistocene (McHugh et al., 2008). 
When global/Mediterranean Sea levels were above the Bosporus sill, marine water connections 
existed all the way to the Black Sea. During such connection phases the Black Sea level tracked that 
of global sea levels. When the Mediterranean levels were below the sill, the Black Sea turned into 
an isolated, saline lake basin. Major rivers like the Danube, Dniester, Dnieper, and Don (via the 
Sea of Azov), supply fresh water to the Black Sea; together they drain a large part of continental 
Europe (Fig. 2.2). During intervals with a positive water balance the Black Sea level remained at the 
sill height and one-directional flow towards the Mediterranean Sea occurred. In times of negative 
water budgets, lake levels dropped until the total inflow (precipitation and river influx) equalled the 
evaporation in the Black Sea basin (e.g., de la Vara et al., 2016). Salinities during these lake phases 
were typically in the oligohaline-mesohaline ranges, very similar to today’s Caspian Sea.

In the northeast, the Black Sea is connected to the Sea of Azov through the Kerch Strait (Fig. 
2.2). The Sea of Azov (45°12′-47°17′ N, 33°38′-39°18′ E) has a surface area of 39,100 km2 and is 13 
m deep in its central part. Two large rivers, the Don and Kuban, flow into the Sea of Azov. Annually 
49.2 km3 waters flows to the Black Sea, while 33.8 km3 returns, resulting in an average salinity of 
~11 psu. Recently, anthropogenic reduction of river drainage strengthened the inflow of the Black 
Sea waters and increased the average salinity up to 13.8 psu. In the geological history, the Sea of 
Azov frequently desiccated during glacio-eustatic lowstands and the Don and Kuban rivers directly 
drained into the Black Sea, south of the modern Kerch Strait (Yanina, 2012b).

During the Pontian (6.1-5.6 Ma), the Black Sea was connected to the Mediterranean in the 
south, the Dacian basin of Romania in the west and to the Caspian basin in the east (Popov et al., 
2004, 2006; Krijgsman et al., 2010; Van Baak et al., 2015b, 2016a, 2017). During early Pliocene times 
(regional Kimmerian age) the Black Sea basin became isolated and transformed into a long-lived 
lake (Fig 2.3a). During the late Pliocene-early Quaternary (Kuyalnikian), modern Pontocaspian 
faunal elements appeared in the Black Sea basin, where a succession of saline lake stages developed, 
increasingly punctuated (from the Middle Pleistocene onwards) by short marine connectivity 
phases similar as today. Here we review the stratigraphic development of the Black Sea domain 
during the Plio-Quaternary.

2.2.2.1 Kuyalnikian
At the onset of the Pleistocene, the Pontocaspian domain consisted of two autonomous provinces; 
the mesohaline-polyhaline Akchagylian basin of the Caspian region and the oligohaline-mesohaline 
Kuyalnikian basin of the Black Sea region (Fig. 2.3b). The configuration of the Kuyalnikian basin 
was relatively similar to the present-day Black Sea basin (Fig. 2.3b), and included the south 
Ukrainian shelf and the Azov-Kuban and Rioni gulfs (Popov et al., 2006). The Kuyalnikian basin 
had no direct connection with the open ocean, but an ephemeral connection probably existed with 
the Akchagylian basin of the Caspian region as Akchagylian molluscs like Aktschagylia subcaspia 
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and Cerastoderma dombra are known from Kuyalnikian sequences (Taman beds) in the Azov area 
(Nevesskaja et al., 1986). However, there is no other evidence that Akchagylian faunas penetrated 
the Black Sea basin.

The Kuyalnikian stage is commonly represented by a two-fold subdivision with a lower 
Kuyalnikian containing bivalves like Dreissena, Pseudocatillus, Prosodacna and Lymnocardium and 
an upper Kuyalnikian (“Taman Beds” of Eberzin, 1935) that comprises Akchagylian-type molluscs 
like Avimactra subcaspia and Cerastoderma dombra (Nevesskaja et al., 1986; Popov et al., 2006). 
Kuyalnikian deposits are widely distributed in the south-western part of Georgia (Taktakishvili, 
1984; Molostovsky, 1997; Kirscher et al., 2017). Characteristic mollusc fossils there include 
Pontalmyra medeae, Pseudocatillus pleonexia and Pseudocatillus postdonacoides (Nevesskaja et al., 
2003).

Most paleomagnetic data indicate that the lower boundary of the Kuyalnikian is located in the 
upper part of the Gauss chron. Consequently, we place the boundary here at a tentative age of 2.7 
Ma, which makes it similar to the base of the “short” Akchagylian in the Caspian region (Fig. 2.4).

2.2.2.2 Gurian
During the Early Pleistocene, the Black Sea basin was occupied by the anomalohaline Guria Lake. 
In this lake an endemic Pontocaspian fauna evolved. No connections existed with the marine realm. 
Possibly only ephemeral connections existed with the Caspian basin through the Manych Strait 
north of the Caucasus.

The Gurian strata of Georgia were first described by Ilyjn (1929, 1930) and are subdivided 
into two lithostratigraphic units: the Khvarbetian and Naderbazetian. The two units have been 
divided on the basis of their cardiid assemblages (Kvaliashvili, 1976). The Khvarbetian is only 
found in southern Georgia and comprises shallow “brackish” lacustrine greyish-bluish marls with 
dreissenids in its lower part and small gastropods including Laevicaspia and Turricaspia in the top. 
The Naderbazetian is more widespread and dominated by bioclastic calcarenites (Ilyjn, 1930) that 
contain shells of Digressodacna (Taktakishvili, 1984).

Although there are many uncertainties in the published magnetostratigraphic results, we 
tentatively place the base of the Gurian at the top of the Olduvai subchron at an age of 1.8 Ma (Fig. 
2.4). This correlation makes the Gurian roughly coeval with the Apsheronian of the Caspian region 
and synchronous with the Calabrian stage of the Mediterranean and standard GTS (Kirscher et al., 
2017).

2.2.2.3 Chaudian
During the Middle Pleistocene Chaudian, the Black Sea basin was dominated by anomalohaline 
lake conditions (Fig. 2.3d). Several episodes of connection with the Caspian basin occurred. 
Also, several overflow events into the Marmara basin occurred where Chaudian faunas were 
established temporarily. At the same time the Black Sea first experienced marine incursions from 
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the Mediterranean Sea during interglacial highstands. The Chaudian basin was characterized by 
multiple changes in water level ranging from -140 to -30m (Sorokin and Babak, 2011).

The Chaudian has been subdivided into a lower Chaudian and an upper Chaudian (Fedorov, 
1963). The lower Chaudian is represented by sediments and fossils indicating a freshened basin 
with an average salinity of 8-10 psu (Yanina, 2015). Lower Chaudian deposits are characterized by 
the molluscs Tschaudia tschaudae, T. guriana, Didacna guriensis, D. supsae, D. pseudocrassa and D. 
baericrassa (Yanina, 2014).. According to diatoms, spores and pollen, cold climatic conditions with 
periglacial vegetation prevailed (Chernyshova, 1980; Zhuze et al., 1980) The early Chaudian climate 
was warmer and altitudinal zonation more distinct than in the late Chaudian, which appears to have 
been temperate at most elevations (Shatilova et al., 2011). Major glaciers developed in the Caucasus, 
while cold pluvial conditions marked the lower areas (Dumitrashko et al., 1977).

The upper Chaudian strata are represented by shallow-water carbonates with abundant fauna 
consisting of Didacna pseudocrassa, D. baericrassa, D. olla, D. tamanica, Monodacna subcolorata, 
M. cazecae, Hypanis plicatus, Dreissena chaudae, D. pontocaspia (Yanina, 2012a). The salinity of the 
basin was on average 12-13 psu (Yanina, 2005). In addition, upper Chaudian strata also contain 
Didacna species characteristic of the upper Bakunian in the Caspian Sea (Didacna rudis, D. 
carditoides, D. catillus, D. eulachia), leading to the term Chauda-Bakunian (Fedorov, 1963; Popov, 
1983a; Yanina, 2005). This suggests one or several connections through the Manych Strait existed 
with drainage of Caspian waters into the Azov region (Fedorov, 1963; Popov, 1983a; Yanina, 2005). 
On the periphery of the late Chaudian basin and near the mouths of large rivers, coastal lagoons 
with anomalohaline water fauna formed.

The upper part of the Chaudian deposits contains shells of Mediterranean euryhaline molluscs 
such as Cerastoderma glaucum, Mytilus galloprovincialis and Scrobicularia plana (Andrusov, 1896; 
Fedorov, 1978; Keraudren, 1970), suggesting episodic marine incursions. On the Caucasian coast, a 
terrace with a species poor Mediterranean mollusc fauna has been determined as “pre-Uzunlarian” 
(Solov’ev, 1977), expressing the first Pleistocene influx of Mediterranean waters into the Black 
Sea basin. This semi-marine basin is also referred to as Epichaudian (Fedorov, 1978), Patrayian 
(Zubakov, 1988) or Karadenizian (Chepalyga, 1997).

In several geological time scales of the Black Sea region (e.g., Shatilova et al., 2009), the lower 
boundary of the Chaudian is indicated as being coeval with the Brunhes-Matuyama boundary, 
which has an age of 780 ka (Hilgen et al., 2012). In other time scales, however, the Brunhes-
Matuyama boundary is placed between lower and upper Chaudian (Nevesskaja et al., 2005; Zubakov, 
1988). Recently, the Gurian-Chaudian transition was magnetostratigraphically determined in the 
Khvarbeti section (at level 157m) of Georgia, where it occurs in a reversed interval interpreted to 
correspond to chron C1r.1r and an age of ~0.85 Ma (Kirscher et al., 2017) (Fig. 2.4). The marine 
transgression that caused the first penetration of Mediterranean molluscs into the late Chaudian is 
correlated with MIS 15 or 13 (Yanina, 2012b).
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2.2.2.4 Uzunlarian
The Middle Pleistocene Uzunlarian is a continuation of the conditions of the Chaudian in the Black 
Sea basin. Pontocaspian faunas were widespread but less diverse and several marine connections 
occurred during interglacial highstands.

The Uzunlarian (Arkhangelsky and Strakhov, 1938) is a transgressive stage, that follows the 
regression at the end of the Chaudian. The stratotype section of the Uzunlarian is the Uzunlar 
section on the Kerch Peninsula (Fig. 2.2: Arkhangelsky and Strakhov, 1938; Fedorov, 1963; 
Chepalyga et al., 1989). In the lower, sandy part of the section molluscs adapted to unusual salinities 
occur such as Didacna pontocaspia, D. pallasi, D. subpyramidata, D. baericrassa, Monodacna, 
Hypanis and Dreissena spp. In the upper part, Pontocaspian species were replaced by euryhaline 
Mediterranean molluscs such as Cerastoderma glaucum, Abra segmentum and Chamelea gallina. The 
Uzunlarian represents an interval of repeated marine conditions in the Black Sea basin (Fedorov, 
1978, 1963; Zubakov, 1988). The connection with the Mediterranean Sea was re-established via the 
Bosporus Strait, salinity increased from 10-13 psu to 15-17 psu, and euryhaline species resistant 
to salinity variations (e.g. Cerastoderma glaucum) penetrated the Black Sea (Fedorov, 1978). Two 
different levels with lower Khazarian molluscs in the sedimentary successions of the Manych 
Depression and the Azov region prove that Caspian waters drained at least twice through the 
Manych Strait into the Black Sea basin (Fedorov, 1978; Popov, 1983a; Yanina, 2012b).

The Uzunlarian deposits comprise evidence of both warm and cold periods. Marine 
transgressions of Mediterranean waters took place in interglacial periods, while ingressions of 
cold and brackish Caspian waters occurred during glacials. During interglacial intervals the Black 
Sea basin became populated by euryhaline Mediterranean molluscs like Paphia, Scrobicularia, 
Cerastoderma, Abra, Chione, Mytilus and Ecrobia spp. (Svitoch et al., 1998). Most of them 
co-occurred with Didacna species. Sea level was close to zero and salinity reached 15-17 psu. During 
glacial episodes the Black Sea basin became isolated from the Mediterranean and became populated 
with Didacna baericrassa, D. pontocaspia, D. borisphenica, D. raricostata, D. akschaena, and the 
Caspian (early Khazarian) species Didacna pallasi, D. subpyramidata and D. pallasi. The water level 
was well below today’s and salinity decreased to ~7 psu near the river mouths and 11-12 psu in the 
open basin (Nevesskaja, 1963, 2007; Svitoch et al., 1998; Yanina, 2005, 2012b).

Accurate absolute age determinations of Uzunlarian deposits are very rare. According to 
Zubakov (1988), the Uzunlarian is dated between 580 and 300 ka and corresponds to MIS 15. 
Later, it was established that the Uzunlarian transgression took place in the second half of the 
Middle Pleistocene at an age of ~250 ka (e.g., Svitoch, 2003). Based on OSL dating, the upper part 
of the Uzunlarian was dated at ~227,5 ka (Sychev et al., 2017). According to palaeogeographical 
reconstructions based on Didacna species, Yanina (2012b) correlated the three marine transgressive 
phases (Fig. 2.5) with MIS 11 (Palaeouzunlarian), MIS 9 (Uzunlarian) and MIS 7 (Asheylian). In this 
scenario, the age of the lower Uzunlarian boundary is located below MIS 11 at around ~400 ka (Fig. 
2.4 and 2.8).
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2.2.2.5 Karangatian
The Karangatian represents the most widespread marine conditions in the Black Sea basin 
established during the penultimate Eemian (MIS 5e) interglacial and its transition into the last 
glacial (Fig. 2.6a). During MIS 5, basin settings were very similar as today, but sea level and salinity 
were higher. Towards MIS4 and MIS 3 the Black Sea basin became isolated.

The Karangatian deposits are represented by shell beds and shelly sandstones with numerous 
Ostrea edulis, Flexopecten glabra, Mimachlamys varius, Mytilus galloprovincialis, Chamelea gallina, 
Acanthocardia tuberculatum, Cerastoderma glaucum, Aporrhais pespelecani, Cerithium vulgatum, etc. 
They overlie a 60m thick clay sequence of Uzunlarian age with freshwater molluscs (Lymnea and 
Planorbis) and rare Didacna (Zubakov, 1988).

The Karangatian transgression was the largest of the entire Quaternary history of the Black Sea, 
with a maximum water level approximately 6-8 m higher than today. Warm saline Mediterranean 
waters entered the Black Sea basin through the Bosporus Strait and a one-way migration of 
euryhaline and stenohaline Mediterranean fauna took place. At the maximum of the transgression, 
the salinity of the Karangatian sea was about 30 psu (Nevesskaja, 1965). High salinities were also 
characteristic for the southern part of the Sea of Azov, the Manych and the Don estuary. The 
Karangatian transgression extended all the way into the Manych Depression but marine mollusc 
species never entered the Caspian basin. The Karangatian sea was further marked by relatively 
warm waters, as shown by subtropical diatom species (Zhuze et al., 1980). Palynological data also 
indicate warm and moderately dry conditions (Artyushenko et al., 1973, 1972; Koreneva, 1980; 
Vronsky, 1976). During the second half of the Karangatian, the climate cooled and coastal lagoons 
transformed into lakes inhabited by fresh-water molluscs (Planorbis, Lymnea, and others).

We estimate that the Karangatian represents an interval of approximately 50-60 thousand years 
with its base at the beginning of MIS 5e at an age of ~130 ka and the maximum of the Karangatian 
transgression roughly corresponding to the global sea level highstand during the Eemian during 
MIS 5e (Fig. 2.7) (Chepalyga, 1997; Velichko, 2002; Yanina, 2014). The presence of Hyrcanian 
(Caspian) mollusc species in the Tarkhankutian beds (Popov, 1983a; Yanina, 2014) suggests that 
this stage corresponds to the terminal transition from the Eemian interglacial (MIS5a) to the MIS4 
glacial epoch. The Surozhian highstand (up to -25 m) took place during MIS 3 (Yanina, 2014).

2.2.2.6 Neoeuxinian
The Late Pleistocene Neoeuxinian forms the final Pontocaspian lake phase in the Black Sea basin. 
The Neoeuxinian lake had low salinities and lake levels were predominantly very low. However, at 
least one overflow event from the Caspian occurred and at least one relative highstand resulted in 
a Black Sea-Marmara Sea connection judging from Neoeuxinian communities there (Fig. 2.6c). 
The Neoeuxinian phase was terminated with early Holocene marine ingressions which restricted 
Pontocaspian biota to the modern coastal habitats along the north-western Black Sea coast and the 
marginal areas of the Azov Sea.
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The Neoeuxinian includes two intervals. The lower Neoeuxinian corresponds to a deep 
regression with mostly fresh water molluscs like Dreissena, Viviparus, Valvata and Unio. The 
connection with the Sea of Marmara was disrupted during this regressive phase and the Black Sea 
transformed into a freshwater to oligohaline basin with salinities not exceeding 1.5-3.0 psu. At this 
time, the Black Sea reached a minimum level of -110 m (Balabanov and Izmaylov, 1989; Ostrovsky 
et al., 1977) to -150 m (Ryan et al., 1997).

The upper interval is dominated by Pontocaspian mollusc species such as Dreissena cf. bugensis, 
Monodacna caspia, M. colorata, Adacna vitrea and Hypanis plicatus. Caspian (Khvalynian) shells 
of Didacna ebersini (Andrusov, 1918; Fedorov, 1963; Semenenko and Sidenko, 1979). This interval 
corresponds to a rise in water level to -20 m, and to Caspian waters flowing through the Manych 
Strait (Svitoch and Yanina, 2007). At the same time, the presence of Neoeuxinian faunas in the 
Marmara basin and northern Aegean shows Black Sea overflow (Büyükmeriç, 2016; Islamoğlu and 
Chepalyga, 1998; Taviani et al., 2014).

The age of the Neoeuxinian regression is estimated at 22-16 ka (Balabanov and Izmaylov, 1989; 
Scherbakov et al., 1977) or at 25-22 ka (Degens and Ross, 1972). From 16 to 12.5 ka, the water level 
is thought to have increased because of the influx of Caspian (Khvalynian) waters overspilling into 
the Black Sea as a result of intensive thawing after the last glacial maximum (LGM) (Balabanov, 
2006; Balabanov and Izmaylov, 1989; Murdmaa et al., 2006; Svitoch and Yanina, 2007; Yanchilina 
et al., 2017). The age of the Khvalynian molluscs from the Manych Strait is 14.7-12.6 ka (Svitoch et 
al., 2010; Yanina, 2014). Hence, we conclude that the Neoeuxinian basin developed during MIS 2 
with the deep regression coinciding with the LGM and the late Neoeuxinian transgression with the 
deglaciation phase (Fig. 2.7).

2.2.2.7 Chernomorian
The Chernomorian represents the modern Holocene conditions in the Black Sea. The Neoeuxinian/
Chernomorian boundary is based on the first emergence of the Mediterranean molluscs 
Cerastoderma glaucum and Abra segmentum. The Chernomorian is subdivided in two subunits, 
the Old Chernomorian and Neochernomorian, based on different mollusc assemblages (Fedorov, 
1978). Old Chernomorian sediments are dominated by brackish-water species and the emergence of 
euryhaline Mediterranean elements. The Neochernomorian contains a more diverse assemblage of 
Mediterranean molluscs. Nevesskaja (1963, 1965) described four different stages in Chernomorian 
mollusc assemblages (Bugazian, Vityazevian, Kalamitian, and Dzhemetian) and concluded that 
both sea level and salinity gradually increased until the present. According to Fedorov (1978, 
1982), the maximum Neochernomorian transgression reached 2-2.5 m above modern sea level 
and corresponds to the highest salinities of the Holocene Black Sea. During the Chernomorian, 
Pontocaspian habitats became suppressed by the Black Sea ingression into deltaic and coastal lakes 
and lagoons, as shown by Vespremeanu-Stroe et al. (2017) for the Danube delta area.
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Numerous publications have discussed the problem of reconstructing the exact mode of sea 
level rise in the Holocene Black Sea basin. According to Ryan et al. (1997), Mediterranean waters 
filled the Black Sea basin with an enormous speed, flooding the entire region within a couple of 
years. These authors furthermore link this catastrophic deluge to the Biblical Flood of Noah 
(Ryan and Pitman, 1999). In contrast, many others showed that sea level increased gradually in a 
reciprocating mode, with various speed and depending on different mechanisms (Aksu et al., 2002; 
Balabanov, 2006; Balabanov and Izmailov, 1988; Taviani et al., 2014; Yanchilina et al., 2017).

The Holocene transgression of the Black Sea, caused by Mediterranean inflow, is dated at 11 ka 
(Balabanov, 2006), at 10 ka (Ostrovsky et al., 1977), 9 ka (Degens and Ross, 1972), 8-9 ka (Kuprin 
and Sorokin, 1982; Vinogradov et al., 1963) and 7-8 ka (Fedorov, 1978; Kvasov, 1975). According to 
Ryan et al. (1997), Noah’s flood happened ~7.2 kyr ago. The age of the Neochernomorian phase is 
determined by radio-carbon dating at 5-3 ka (Svitoch et al., 1998, 1995, 1994); at 5.5-5 ka and 4.5-4 
ka (Fedorov, 1982; Selivanov, 1996), and at 4.2-3.8 ka (Arslanov et al., 1988)

2.3 The Pontocaspian in the Anthropocene
Pontocaspian lake systems and biota have experienced rapid and profound changes throughout its 
geological history. Yet a variety of human activities has accelerated changes and are affecting the 
region and its unique biota even further. Planned large scale engineering works in the Caspian 
Sea and Black Sea basin together with climate change may pose even further challenges for the 
Pontocaspian ecosystems.

Pontocaspian ecosystems in the Black Sea basin are currently restricted to the coastal zones 
(deltas, estuaries/limans, lagoons) and adjacent lower river basins of the north-western shelf and 
the Sea of Azov. The most important anthropogenic impacts in these ecosystems are (1) increased 
sediment load associated with forest clearing since the middle ages (Giosan et al., 2012), (2) 
damming of rivers modifying flow regimes and restricting mobility of faunas (Semenchenko et 
al., 2015) effectively providing sharp upper boundaries of Pontocaspian habitats (that normally 
grade into fluvial habitats), (3) strong nutrient increase due to waste water and use of agricultural 
fertilizers and pollution (e.g. (Kosarev and Yablonskaya, 1994), (4) conversion of Pontocaspian 
wetlands into pasture (Popa et al., 2009), (5) shipping lane dredging affecting major salinity 
gradients in the Pontocaspian habitats (Zhulidov et al., 2018) and (6) the introduction of alien 
species strongly affecting the native biota (e.g. Grigorovich et al., 2002; Kosarev and Yablonskaya, 
1994). The current conservation status of Pontocaspian biota in the Black Sea basin is not well 
understood. Strong reductions in distribution areas (Popa et al., 2009) and reduced abundances of 
Pontocaspian species (Abdurakhmanov et al., 2002; Yanina, 2015) have been reported. For several 
species no recent records of living populations have been obtained suggesting strong decline.

The Caspian Sea coastal areas and river basins were impacted by human activities in similar 
ways as the Black Sea Pontocaspian habitats (Grigorovich et al., 2002; Kosarev and Yablonskaya, 
1994). Invasive species established in the Caspian basin through accidental introduction with ships 
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and a range of exotic species were deliberately introduced in the 20th century to increase food 
production for local fish. Invasions are ongoing: the latest invasive species is Mytilopsis leucophaeta, 
a mussel native to the Caribbean, that in the past few years has invaded many of the ports (Heiler et 
al., 2010). The invasions have resulted in very strong decline of Pontocaspian communities within 
decennia (examples in Kosarev and Yablonskaya, 1994). Several formerly widespread species, such 
as Dreissena caspia and D. elata appear to have gone extinct and for many more, including hydrobiid 
species groups, no recent records exist of living populations. The Caspian biodiversity crisis has 
been described as ecocide by Dumont (1995). However, the true scale of the biodiversity crisis is 
uncertain as there is a paucity of recent data. Rapid sea level changes in the Caspian Sea (up to a few 
metres/decade during the later 20th century) apparently are natural variation.

The situation in Lake Aral is even more dramatic: the lake itself is a precarious balance of 
inflowing Central Asian rivers and evaporation and in the Holocene Lake Aral experienced draughts 
(Filippov and Riedel, 2009). Yet the almost entire disappearance of the lake between 1957 and 2015 
has been driven by extraction of river waters for agriculture. As a result, most of the Pontocaspian 
species in Lake Aral have vanished (Andreeva, 1989; Boomer et al., 2000).

In general, the continuity of many Pontocaspian lineages, is in peril. The centre of Pontocaspian 
diversity is located in the Caspian Sea and the demise of the native faunas is of major concern. 
Several planned and unplanned activities pose further threats to Pontocaspian ecosystems. Higher 
global sea levels associated with projected global warming will affect coastal Pontocaspian habitats 
of the Black Sea. The proposed Istanbul shipping lane may have impacts on the marine properties of 
the Black Sea basin and provide another gateway for alien species. Climate change also may strongly 
impact the precipitation/evaporation balances of the Caspian and Aral catchments. These precarious 
balances drove lake level variations in the past. Plans for massive water extraction from the Caspian 
Sea to alleviate water shortages on the Iranian plateau may tip the balance.

The Pontocaspian region has a very long and dynamic history of lake basin evolution and fauna 
evolution resulting in a unique fauna adapted to the unusual salinity settings and partial isolation 
of the basins. Human activities are driving unprecedented change in many parts of the region, 
changing the nature of this system profoundly and permanently.

Acknowledgements
This research was supported by the project PRIDE (Pontocaspian RIse and DEmise), which has 
received funding from the European Union’s Horizon 2020 research and innovation program, 
under the Marie Sklodowska-Curie [grant agreement No 642973]. Many thanks go to Keith 
Richards, Amelie Vialet and Suzanne Leroy for helpful discussions. TY acknowledges support from 
the Russian Science Foundation Project 16-17-10103 (investigation of the Caspian Sea) and the 
Russian Foundation for Basic Research Projects 18-05-00296, 18-05-00684 (investigation of the 
Black Sea). JA acknowledges support from projects CGL2016-80000-P (Ministerio de Economía 
y Competitividad, Spain) and SGR2017-859 (AGAUR, Gencat). MCA acknowledges the Turkish 

56

Chapter 2



Academy of Sciences (TUBA) for a GEBIP grant. We thank managing editor Andre Strasser, 
Marco Taviani and an anonymous reviewer for their thorough and constructive comments that 
significantly improved the manuscript.

57

pontocaspian mollusc history





Mollusc species from the Pontocaspian 
region – an expert opinion list

Published as:
Wesselingh, F.P., Neubauer, T.A., Anistratenko, V.V., Vinarski, M.V., Yanina, T.A., ter Poorten, 
J.J., Kijashko, P.V., Albrecht, C., Anistratenko, O.Y., D’Hont, A., Frolov, P., Martínez Gándara, A., 
Gittenberger, A., Gogaladze, A., Karpinsky, M.G., Lattuada, M., Popa, L.O., Sands, A.F., van de Velde, 
S., Vandendorpe, J., Wilke, T., 2019. Mollusc species from the Pontocaspian region – an expert 
opinion list. Zookeys 827, 31-124. http://doi.org/10.3897/zookeys.827.31365

Abstract
Defining and recording the loss of species diversity is a daunting task, especially if identities of 
species under threat are not fully resolved. An example is the Pontocaspian biota. The mostly 
endemic invertebrate faunas that evolved in the Black Sea-Caspian Sea-Aral Sea region and live 
under variable salinity conditions are undergoing strong change, yet within several groups species 
boundaries are not well established. Collection efforts in the past decade have failed to produce 
living material of various species groups whose taxonomic status is unclear. This lack of data 
precludes an integrated taxonomic assessment to clarify species identities and estimate species 
richness of Pontocaspian biota combining morphological, ecological, genetic, and distribution 
data. In this chapter, we present an expert-working list of Pontocaspian and invasive mollusc 
species associated to Pontocaspian habitats. This list is based on published and unpublished data on 
morphology, ecology, anatomy, and molecular biology. It allows us to (1) document Pontocaspian 
mollusc species, (2) make species richness estimates, and (3) identify and discuss taxonomic 
uncertainties. The endemic Pontocaspian mollusc species richness is estimated between 55 and 99 
species, but there are several groups that may harbour cryptic species. Even though the conservation 
status of most of the species is not assessed or data deficient, our observations point to deterioration 
for many of the Pontocaspian species.

3.1 Introduction
The aquatic Pontocaspian (or Ponto-Caspian) biota is constituted by taxa that evolved in saline 
water bodies in the Caspian Sea-Black Sea-Aral Sea region and surrounding rivers in the past 
few million years. They include diverse groups such as diatoms, dinoflagellates, foraminifera’s, 
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crustaceans, molluscs, as well as fish and the Caspian seal. Major Pontocaspian habitats are located 
in the northern coastal zone of the Black Sea (mostly confined to the Romanian and Ukrainian 
coasts) and the Sea of Azov (mostly in the Taganrog Bay), cover the entire Caspian Sea and, until 
recently, the Aral Sea (Fig. 3.1). However, Pontocaspian habitats are impacted by human activities 
such as pollution, habitat modification and introduction of invasive species (Barannik et al., 2004; 
Bologa et al., 1995; Gomoiu et al., 2002; Grigorovich et al., 2003; Occhipinti-Ambrogi and Savini, 
2003; Popa et al., 2009; J. P. Selifonova, 2008; Z. P. Selifonova, 2008; Shalovenkov, 2005; Stolberg 
et al., 2006; UNEP [United Nations Environment Programme], 2006; Zaitsev and Mamaev, 1997; 
Zolotarev, 1996), as well as the entire obliteration of environments in the case of the Aral Sea in the 
second half of the 20th century (Andreev and Andreeva, 2003; Mainguet and Létolle, 1997; Plotnikov 
et al., 2016).

Faunas in the Pontocaspian region have strongly changed in the past century. Pontocaspian 
species that were abundant only a century ago, such as Dreissena elata and D. caspia in the Caspian 
Sea, have vanished in the mid-20th century (Kosarev and Yablonskaya, 1994). For the Aral Sea, 
the faunas appear to have largely disappeared with the demise of the lake system since the 1950s 
(Andreeva and Andreev, 2003). Abundances of several other species in the Caspian Sea and Black 
Sea basin have severely declined (Bologa et al., 1995; Zaitsev and Mamaev, 1997; Barannik et al., 
2004; Popa et al., 2012).

However, we cannot evaluate the extent or nature of biodiversity loss as there is no general 
agreement on the species that it might concern. Much of the diversity in Pontocaspian mollusc 
groups is contained within a limited number of genera. Changing taxonomic approaches through 
time (e.g., (Alexenko and Starobogatov, 1987; Anistratenko, 2007a; Bogutskaya et al., 2013; 

Fig. 3.1: Map of the Pontocaspian region with the indication of major basins, rivers, regions, and cities referred 

to in the text.
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Logvinenko and Starobogatov, 1969; Munasypova-Motyash, 2006a, 2006b; Neubauer et al., 2018; 
Sitnikova and Starobogatov, 1999; Vinarski and Kantor, 2016; Zhadin, 1952) combined with large 
morphological variability and few diagnostic characters in certain groups, as well as the paucity of 
living material and partial disappearance of type material, has precluded critical reassessment of 
species boundaries and thus species richness. For the Caspian Sea, multiple efforts to collect fresh 
material in the past decade failed to produce sufficient living material to elucidate these taxonomic 
matters for most of the groups. Sampling efforts include coastal sampling around Turali, Russia 
(FW, 2003); northern Azerbaijan (FW, 2016), middle and southern Azerbaijan (VA, ML, AFS, TW, 
2017); Mangyshlak region coastal areas, Kazakhstan (OA, VA, 2016, 2017); the transition of the 
northern to middle Caspian Sea basin in Kazakhstan (PRIDE expedition, 2017); and the Gorgan 
Bay in Iran (AFS, 2018). A faunal inventory of the deep-water southern Caspian Sea basin (< 200 m 
water depth) of southern Azerbaijan was published lately by Mirzoev and Alekperov (2017). We are 
uncertain whether it concerns living material nor can we assess the species identities. Their records 
are mentioned below but require further confirmation. We did find some living endemic species 
ourselves, and from coastal areas low numbers of such species have been reported elsewhere (e.g., 
Latypov 2015). Yet, many species and even groups of species (e.g., Turricaspia species) have not been 
encountered alive despite our attempts. Our inability to collect life specimens for several groups has 
made a combined molecular-morphological approach to delineate species impossible. As a result, a 
reliable estimate of the number of species involved is lacking, and therefore the potential magnitude 
of the biodiversity decline is speculative. Hence, we need an alternative approach to outline the 
species boundaries and estimate the numbers affected.

By pooling all insights, data (published and unpublished) and expert opinions on the 
Pontocaspian mollusc species through taxonomists we aim to provide a list of Pontocaspian mollusc 
species that can serve as a base for further research. We use molluscs as a model group since they are 
(1) an important, representative and well-known part of the Pontocaspian fauna, (2) have a number 
of taxonomic specialists available, and (3) can often be identified based on their shell characters 
even when living populations have vanished. The Pontocaspian aquatic mollusc species list will 
highlight uncertainties in species complexes as to give guidance to further research in resolving 
taxonomic matters. The aim of this work is to compile a list of Pontocaspian mollusc species 
with the underlying arguments why we consider these species as (likely) valid species, to outline 
taxonomic uncertainties and to provide an updated estimate of species richness.

3.2 Materials and methods
A preliminary Pontocaspian mollusc species list was assembled during a PRIDE program workshop 
in Giessen, Germany, in May 2018. The PRIDE (“Drivers of Pontocaspian Rise and biodiversity 
Demise”) program is an EU funded Innovative Training Network that studies the drivers of the rise 
and demise of Pontocaspian faunas. Using listings in Vinarski and Kantor (2016) supplemented 
with further information from the participants, this initial list was then circulated among a wider 
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community of taxonomic workers for further updates and comments. Data on distribution and type 
material were derived from Vinarski and Kantor (2016) and further completed and amended. The 
systematic order above the species level follows Bouchet et al. (2017) and MolluscaBase (2018a). In 
case we deviate from the supraspecific classification, arguments are discussed below.

The list comprises aquatic Holocene Pontocaspian mollusc faunas. A substantial number of 
Pontocaspian species has been described from empty shells from beach material or derive from grab 
samples. Such samples typically are dominated by time-averaged Holocene shell assemblages, which 
may or may not yield living specimens and in very rare occasions also contain older (Pleistocene) 
material (see, e.g., Leroy et al. 2018). For the Black Sea basin, the Holocene time interval 
largely coincides with the date of the marine flooding through the Bosporus and subsequent 
marginalization of Pontocaspian species to the NW coastal zone (Danube Delta to Dnieper 
Estuary) and the Sea of Azov (Mordukhai-Boltovskoi, 1960). For the Caspian Sea, the time interval 
corresponds to the so-called Novocaspian period that started after the very deep Mangyshlak 
regression 8 ka (Fedorov, 1953; Nevesskaja, 1958, 2007; Yanina, 2005). The time interval contains 
the earliest impact of humans on native faunas, such as the introduction of Cerastoderma glaucum 
in the Caspian basin during the early Holocene (Fedorov, 1957; Svitoch et al., 2009). It also contains 
the large faunal changes of the 20th century related to pollution, invasive species and obliteration of 
habitats (Kosarev and Yablonskaya, 1994).

One of the greatest difficulties is to establish the identities of taxa reported as geographic 
subspecies. Many species have forms, varieties, and subspecies described from the Aral Sea, the 
Caspian Sea basin, and the Black Sea basin (including the Azov Sea). Often, such distinctions are 
made based on the geographical isolation alone or on a range of morphological characters whose 
variation seems to be overlapping in geographical subpopulations. In order to assess whether the 
geographical populations are indeed species, we need combined morphological, ecological, and 
molecular data, but only few studies produced this information to date (e.g., Popa et al. 2012 for 
Black Sea basin Monodacna). For the Aral Sea, we expect difficulties to obtain fresh material of 
almost all species for molecular analyses due to the obliteration of most of the lake and its fauna in 
the 20th century (Andreev and Andreeva, 2003; Plotnikov et al., 2016). To date, hardly any molecular 
data on closely related species that are (potentially) shared between the Caspian and Black Sea 
have been published with the exceptions of Dreissena grimmi/D. bugensis (e.g., Stepien et al., 2013; 
Therriault et al., 2004) and Ecrobia maritima/E. grimmi (Haase et al., 2010). For several potentially 
shared species, ecological tolerances and preferences between Caspian and Black Sea basin 
populations are overlapping, but in some cases (like for D. grimmi/D. bugensis) they are not. We have 
adopted a conservative approach, and as long as no additional arguments (morphological, ecological 
or genetic differences) were found, we consider the Aral, Caspian and Black Sea varieties/subspecies 
synonyms. Another difficulty in especially Caspian taxa is the erection of so called “bathymetric” 
subspecies, which seem to be distinguished mostly based on their depths of occurrence. As long 
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Table 3.1: Definitions we use to characterise the status of species.

Pontocaspian 
endemic

Centre of evolutionary history in Pontocaspian lakes

Native Present in the Pontocaspian region today and in the Quaternary (not introduced by man) but centre of 
evolution not necessarily in that region: e.g., planorbid species with a Palearctic distribution, Cerastoderma 
glaucum. 

Introduced Species introduced in the Pontocaspian from elsewhere, usually anthropogenic: some Pontocaspian species 
have migrated between Pontocaspian basins and their status is explained in detail there (e.g., Monodacna 
colorata/Dreissena bugensis: introduced in Caspian from natural ranges in Black Sea basin). 

Invasive Species that have become disruptive in the ecosystem after introduction.

as no other (morphological, genetic) arguments are available, we synonymise such bathymetrical 
forms. 

A listing of synonyms and important past misidentifications from the literature is given. The 
list is not exhaustive and intended to show major shifts in taxonomic thinking about Pontocaspian 
and invasive species. The format of synonymy lists follows mostly suggestions of Matthews (1973). 
Asterisks in front of a record indicate valid first descriptions, a superscript “o” a prior yet invalidly 
introduced synonym. The status of each species is defined according to criteria outlined in Table 3.1.

As for the conservation status we have indicated the IUCN Red List status as of July 2018 from 
[www.iucnredlist.org] and added our own observations. For updated stratigraphic terminology and 
age estimates we refer to Krijgsman et al. (2019).

Abbreviations used are:

ZIN Zoological Institute of the Russian Academy of Sciences, St. Petersburg, Russia.
RGM Naturalis Biodiversity Center, collections of fossil Mollusca, Leiden, the Netherlands.

For personal observations of the various authors we used the following abbreviations:

FW Frank P. Wesselingh, AFS Arthur F. Sands,
TN Thomas A. Neubauer, MV Maxim V. Vinarski,
VA Vitaliy V. Anistratenko, TW Thomas Wilke.
OA Olga Anistratenko,

Finally, with the long literature record and various languages involved we came across some 
problems in spellings of geographical names and authors that we could not always resolve. Often, 
the transliteration of Russian names into French, German, and English literature resulted in different 
spellings, for example Ostroumoff/Ostroumov, Andrussoff/Andrussow/Andrusoff/Andrusov, 
and Apsheron/Absheron. We have followed the translations that are used by most of the Russian-
language authors of this chapter but in some cases denote the different available spellings.
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3.3 Systematic catalogue

3.3.1 Bivalvia

Remarks. Within the endemic bivalve species groups, a general lack of combined molecular, 
morphological, and ecological approaches has led to partially unresolved taxonomy, especially 
within the genera Monodacna and Dreissena. Much of the bivalve taxonomy follows the latest 
review of Caspian bivalves by Kijashko in Bogutskaya et al. (2013), and we discuss deviations 
from his schedule. The list of Aral bivalves published by Vinarski and Kantor (2016) is based 
chiefly on Andreeva and Andreev (2003), and it is used here as a base with appropriate changes in 
nomenclature.

Family Mytilidae Rafinesque, 1815

Mytilaster minimus (Poli, 1795)

*1795 Mytilus minimus Poli: 209-210, pl. 32, fig. 1.
1932 Mytilaster lineatus (Gmelin, 1790). – Bogachev: 38, pl. 1, figs 5-11 [non Mytilus lineatus   
 Gmelin, 1791.
1952 Mytilaster lineatus (Gmelin, 1789). – Zhadin: 285, fig. 248 [non Gmelin, 1791].
1969 Mytilaster lineatus (Gmel.). – Logvinenko & Starobogatov: 311-312, figs 339a-b, pl. 5, figs 1-2  
 [non Gmelin, 1791].
1969 Mytilaster lineatus (Gmelin, 1790). – Vekilov: 155-157, pl. 35, figs 1-25 [non Gmelin, 1791].
2013 Mytilaster lineatus (Gmelin, 1791). – Kijashko in Bogutskaya et al.: 316, fig. 104 [non Gmelin,  
 1791].

Status. Native to Black Sea basin, invasive in Caspian Sea, introduced in Aral Sea but extinct there.
Type locality. Sicily, Italy.
Distribution. Native to the Mediterranean and Black Sea. Introduced in the Caspian Sea 

between 1917 and 1919 (Grigorovich et al. 2003).
Taxonomic notes. This species has commonly been mentioned as Mytilaster lineatus (Gmelin, 

1791), but the Caspian-Aral species lacks the ribbing typical for that species. The attribution to M. 
minimus is based on shell morphology but confirmation from molecular analyses is required.

Remarks. Mytilaster minimus has successfully replaced Dreissena caspia and D. elata between 
1938 and 1957 (Kostianoy et al., 2005) in the Caspian Sea. Logvinenko & Starobogatov (1969) 
reported this species from the southern areas of the northern Caspian Sea, in the middle and the 
southern Caspian Sea down to 35-50 m water depth. Rarely, small individuals were found at depths 
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down to 100 m. The species does not tolerate salinities below 7-8 psu. This species was mentioned 
(as M. lineatus) from depths between 200 and 600 m in the South Caspian basin of Azerbaijan 
(Mirzoev and Alekperov, 2017). These deep records are unusual given other records and will require 
confirmation.

Conservation status. Not assessed.

Family Cardiidae Lamarck, 1809

Remarks. For the genus Cerastoderma, the species status of Pontocaspian material is subject of 
debate where morphological and increasingly molecular arguments show the possibility of sibling 
species occurrences (Sromek et al. 2016). The genus Didacna is relatively well established, however 
much uncertainty exists over distinction between the genera Monodacna, Adacna, and Hypanis. The 
generic concepts have shifted through time. Only lately, Kijashko in Bogutskaya et al. (2013) treated 
Monodacna as a subgenus of Adacna. Büyükmeriç and Wesselingh 2018 discussed the distinction 
between the three genera and considered Monodacna, Adacna, and Hypanis as valid.

Adacna laeviuscula (Eichwald, 1829)

*1829 G.[lycymeris] laeviuscula Eichwald: 279, pl. 5, figs 1a-b.
1838 Adacna Laeviuscula m. – Eichwald: 170-171.
1841 Adacna laeviuscula. – Eichwald: 281-282, pl. 39, figs 1a-d.
1905 Adacna laeviuscula (Eichwald, 1829). – Ostroumov: pl. 2, fig. E.
1907 Adacna laeviuscula. – Ostroumov: 25, textfig., pl. 4, figs 6-8.
1952 Adacna (Adacna) laeviuscula (Eichwald, 1829). – Zhadin: 353-354, pl. 9, fig. 331.
1958 Adacna (Adacna) laeviuscula (Eichwald), 1829. – Nevesskaja: 49-50, pl. 9, figs 15-18.
1969 Hypanis laeviuscula laeviuscula (Eichw.). – Logvinenko & Starobogatov: 337, fig. 353(5).
1973 Hypanis laeviuscula laeviuscula Eichwald, 1829. – Grossu: 144-145, textfig. 29.
2013 Adacna laeviuscula (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 377, fig. 154, photo 48.
2016 Adacna (Adacna) laeviuscula (Eichwald, 1829). – Vinarski & Kantor: 64.

Status. Pontocaspian species, endemic to Caspian Sea and possibly Black Sea basin.
Type locality. Azerbaijan, Caspian Sea, Gulf of Baku is the type locality given by Vinarski and 

Kantor (2016) and this is written on the label of the type material. However, the type description 
reads “Hab. australem ripam maris caspii, in sinu Astrabadensi” [southern border of the Caspian 
Sea, in bight of Astrabad (= Gorgan, Iran)]. Further research on the labels and documentation is 
required to assess whether a new lectotype or even neotype must be assigned for Adacna laeviuscula.
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Distribution. Caspian Sea; limans, coastal lakes, and Danube Delta in Black Sea basin (in case 
A. fragilis will be shown to be a synonym of A. laeviuscula).

Taxonomic notes. See discussion under A. fragilis.
Remarks. Kijashko in Bogutskaya et al. (2013) list the presence of this species at 30-60 m 

water depth in the Caspian Sea from muddy, sandy-mud, and rarely sandy bottoms. Logvinenko 
and Starobogatov (1969) reported the species from the northern, middle, and southern Caspian 
Sea basins down to 80-85 m water depth. In the Caspian Sea, the species has not been found in 
areas with salinities below 4 psu. However, the common occurrence of fresh (paired) specimens on 
beaches seen at Turali (Dagestan, Russia) and northern Azerbaijan indicates this species maintains 
viable populations in foreshore and possibly even shoreface habitats.

Conservation status. Not assessed.

Adacna fragilis Milaschewitsch, 1908

*1908 Adacna fragilis Milaschewitch: 992-993.
1973 Hypanis laeviuscula fragilis Milaschevitsch, 1916. – Grossu: 145.
?2006b Hypanis (Adacna) laeviuscula fragilis (Milachevitch, 1908). – Munasypova-Motyash: 522.
2009 Adacna (Adacna) fragilis Milaschevich, 1908. – Popa et al.: 13, fig. 5.
2016 Adacna (Adacna) fragilis Milaschewitsch, 1908. – Vinarski & Kantor: 64.

Status. Pontocaspian species, Black Sea basin, status uncertain.
Type locality. Odessa region, Dniester liman and Katlabhuk Lake (Ukraine: Vinarski and 

Kantor, 2016).
Distribution. Danube Delta region and NW Black Sea basin coastal areas of Ukraine.
Taxonomic notes. We are uncertain about the status of Adacna fragilis Milaschewitch, 1908. 

The Black Sea basin material has a wide variety of shapes and often is thinner and sometimes more 
elliptical than the Caspian A. laeviuscula. Both forms were synonymised by Graf and Cummings 
(2018) and indicated as a possible synonym in MolluscaBase (2018b). However, the Black Sea basin 
occurrences are recorded from (coastal) lakes and small rivers suggesting little or only partial 
overlap in the ecological (and especially salinity) preferences of A. laeviuscula (e.g., Munasypova-
Motyash 2006a, b, Popa et al. 2009). We are uncertain if A. fragilis might constitute a geographical 
subspecies (a status advocated by Grossu 1973), and further molecular analyses are needed to clarify 
the status of the Black Sea taxon.

Remarks. The species has been reported alive by Popa et al. (2009) from the Razim Lake 
complex on the Romanian Black Sea coast.

Conservation status. Not assessed.
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Adacna minima Ostroumov, 1907

*1907 Adacna minima Ostroumov: 23, textfig., pl. 4, figs 1-5.
1952 Adacna (Adacna) vitrea var. minima (Ostroumoff, 1907). – Zhadin: 353.
1967 Hypanis minima ostroumovi Logvinenko & Starobogatov: 233.
1969 Hypanis minima ostroumovi Logv. et Star. – Logvinenko & Starobogatov: 338, fig. 354(3).
1973 Hypanis minima ostroumovi Logvinenko et Starobogatov, 1968. – Grossu: 146, textfig. 31.
?1974 Hypanis minima sidorovi Starobogatov: 246, fig. 213.
2003 Hypanis minima minima (Ostroumov, 1907). – Andreeva & Andreev: 88, fig. 5.1(3-4).
?2009 Hypania [sic] minima (Ostroumoff, 1907). – Filippov & Riedel: 75, fig. 4s, t.
2013 Adacna minima ostroumovi (Logvinenko et Starobogatov, 1967). – Kijashko in Bogutskaya et  
 al.: 378, fig. 146.
2016 Adacna (Adacna) minima minima (Ostroumov, 1907). – Vinarski & Kantor: 64.
2016 Adacna (Adacna) minima ostroumovi Logvinenko et Starobogatov, 1967. – Vinarski & Kantor:  
 64.

Status. Pontocaspian species, endemic to Caspian Sea and Aral Sea; likely disappeared from the 
latter.

Type locality. The northern Caspian Sea and the Aral Sea (Vinarski and Kantor 2016)
Distribution. Aral Sea (probably extinct there; Andreeva and Andreev 2003), Caspian Sea.
Taxonomic notes. Graf and Cummings (2018) consider this species as a synonym of A. vitrea, 

but Kijashko in Bogutskaya et al. (2013) regards it as a valid species. The latter considers A. minima 
minima from the Aral Sea and A. minima ostroumovi from the Caspian Sea as distinct geographical 
subspecies. The likely disappearance of the species from the Aral Sea makes a molecular assessment 
of their distinctness very difficult and given the lack of other arguments we synonymise both. 
Furthermore, we are uncertain about the status of the subspecies Hypanis minima sidorovi 
Starobogatov, 1974 from the western Aral Sea. Without further data we assume it concerns a form 
that falls within the wide morphological variation of A. minima. We moreover are very uncertain as 
to the status of Hypanis minima from Holocene deposits of Aral Sea as illustrated by Filippov and 
Riedel (2009, fig. 4s, t). The juvenile specimen has relatively strong cardinal teeth, onset of clear ribs, 
and a general shape that more resembles Monodacna caspia.

Remarks. The species has been recorded mostly from the middle and southern Caspian 
Sea and more rarely from the eastern areas in the northern Caspian Sea down to 35 m water 
depth (Logvinenko and Starobogatov, 1969) as well as from the Aral Sea from where it may have 
disappeared.

Conservation status. Not assessed.
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Adacna vitrea (Eichwald, 1829)

*1829 G.[lycymeris] vitrea Eichwald: 279, pl. 5, fig. 3.
1838 Adacna vitrea m. – Eichwald: 172-173.
1841 Adacna vitrea. – Eichwald: 282-283, pl. 39, figs 2a-b.
1905 Adacna glabra Ostroumov: 18-19.
1932a Adacna vitrea (Eichwald, 1829). – Bogachev: pl. 1, figs 3, 4, 11.
1932b Adacna vitrea (Eichwald, 1829). – Bogachev: 33, pl. 3, figs 13-16, 28-29.
1952 Adacna (Adacna) vitrea (Eichwald, 1829). – Zhadin: 352-353, fig. 330.
1958 Adacna (Adacna) vitrea (Eichwald), 1838. – Nevesskaja: 47-48, pl. 9, figs 19-22.
1969 Hypanis vitrea vitrea (Eichw.). – Logvinenko & Starobogatov: 337, fig. 354(1), pl. 5, fig. 11.
1969 Hypanis vitrea glabra (Ostr.). – Logvinenko & Starobogatov: 338, fig. 354(2).
1973 Hypanis vitrea vitrea Eichwald, 1829. – Grossu: 145-146, textfig. 30A.
1973 Hypanis vitrea glabra Ostroumoff, 1905. – Grossu: 146, textfig. 30B.
2003 Hypanis vitrea bergi Starobogatov, 1974. – Andreeva & Andreev: 86, fig. 5.1(1-2).
2013 Adacna (Adacna) vitrea vitrea (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 378, fig. 148.
2013 Adacna (Adacna) vitrea glabra Ostroumoff, 1905. – Kijashko in Bogutskaya et al.: 379, fig. 149.
2016 Adacna (Adacna) vitrea vitrea (Eichwald, 1829). – Vinarski & Kantor: 65.
2016 Adacna (Adacna) vitrea glabra Ostroumov, 1905. – Vinarski & Kantor: 65.
2016 Adacna (Adacna) vitrea bergi (Starobogatov, 1974). – Vinarski & Kantor: 65.

Status. Pontocaspian species, endemic to Caspian Sea basin, Black Sea basin, and Aral Sea basin.
Type locality. “Australem oram caspii maris, Astrabadensem” [southern coast of Caspian Sea, 

near Astrabad (= Gorgan, Iran)].
Distribution. Black Sea basin (also in Azov Sea and adjacent lower Don River), Caspian Sea 

basin, and Aral Sea (including delta of Amu-Darya River). The Aral populations may have gone 
extinct in the 1980s (Andreeva and Andreev 2003).

Taxonomic notes. The species has been subdivided into three geographical subspecies which 
were not recognised by Graf and Cummings (2018). It concerns a species with thin shells that yield 
very few diagnostic characters that show overlap. Here, we synonymise the subspecies pending 
molecular assessments of their status.

Conservation status. Not assessed.

Cerastoderma glaucum (Bruguière, 1789) s.l.

*1789 Cardium glaucum Bruguière: 221-222.
1789 Cardium Glaucum Poiret: 13-15.
1869 Cardium isthmicus Issel: 74-76.
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1952 Cardium edule L., 1758. – Zhadin: 344-345, fig. 318 [non Cardium edule Linneaus, 1758].
2003 Cerastoderma isthmicum (Issel, 1869). – Andreeva & Andreev: 54, 62, fig. 6.1 (b), 6.7.
2013 Cerastoderma glaucum (Poiret, 1789). – Kijashko in Bogutskaya et al.: 342, fig. 126, photo 39.
2016 Cerastoderma glaucum (Bruguière, 1789). – Vinarski & Kantor: 69.
2016 Cerastoderma isthmicus (Issel, 1869). – Vinarski & Kantor: 70.

Status. Native Pontocaspian species (Black Sea basin), Holocene invasive in Caspian Sea and Aral 
Sea.

Type locality. French Mediterranean.
Distribution. NE Atlantic, Baltic Sea, Mediterranean, Black Sea basin, Caspian Sea basin, Aral 

Sea, isolated Saharan lakes (Plaziat, 1991).
Taxonomic notes. DNA studies have shown a strong structuring between Atlantic-western 

Mediterranean, Ionean, and Aegean-Pontocaspian populations of C. glaucum (Nikula and Väinölä, 
2003; Sromek et al., 2016). According to Sromek et al. (2016: 515), the “strong genetic differentiation 
and the occurrence of private alleles may hint at the presence of cryptic species within C. glaucum”. 
For a discussion on the authority of C. glaucum, see Vinarski and Kantor (2016: 69-70).

Remarks. The arrival of Cerastoderma glaucum in the Caspian Sea circa 8000 years ago has been 
linked to human settlement expansion through the Manych corridor (Fedorov, 1957; Yanina, 2009). 
It would be among the earliest human-mediated dispersal events for invertebrate species known to 
date.

Conservation status. Not assessed.

Cerastoderma sp. A [non C. rhomboides (Lamarck, 1819)]

1916 Cardium edule var. nuciformis Milaschewitch: 257-259, pl. 7, figs 7-8 [non Cardium nuciforme  
 d’Orbigny, 1850].
2003 Cerastoderma rhomboides rhomboides (Lamarck, 1819). – Andreeva & Andreev: 93, fig. 6.1 (A)  
 [non Cardium rhomboides Lamarck, 1819].
2013 Cerastoderma rhomboides (Lamarck, 1819). – Kijashko in Bogutskaya et al.: 343, fig. 127, photo  
 40 [non Lamarck, 1819].
2016 Cerastoderma rhomboides (Lamarck, 1819). – Vinarski & Kantor: 70 [non Lamarck, 1819].

Status. Native Pontocaspian species (Black Sea basin), introduced to Caspian Sea and Aral Sea.
Distribution. Black Sea (including Sea of Azov), Caspian Sea, Aral Sea, Aegean.
Taxonomic notes. This concerns a common rhomboid-shaped species in the Pontocaspian 

region whose name is uncertain. It has a short ligament in common with C. glaucum and the 
persistent occurrence of ribs on the posterior margin, the well-defined character of the ribs and 
the regular occurrence of scales in common with western European C. edule. This form has been 
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often referred to as C. rhomboides (Lamarck, 1819) that has been described from the Italian Pliocene 
but that concerns a typical glaucum form (Fig. 3.2), not the rhomboid form of the Pontocaspian 
Cerastoderma. The species has been named Cardium edule var. nuciformis by Milaschewitch (1916), 
but that name is a junior primary homonym of Cardium nuciforme d’Orbigny, 1850. Even though 
some morphological features mentioned in the description of C. lamarcki (Reeve, 1845) may 
resemble those of the Pontocaspian species, the former has been traced to southern Great Britain 
(Nikula and Väinölä, 2003) from where molecular analyses only show the presence of C. glaucum.

Conservation status. Not assessed.

Didacna baeri (Grimm, 1877)
Fig. 3.3a

*1877 Cardium Baeri Grimm: 51-54, pl. 8, figs 2-3.
1914 Didacna Baeri (Grimm, 1877). – Nalivkin & Anisimov: 4, pl. 1, figs 4-5.
1932 Didacna Baeri (Grimm, 1877). – Bogachev: 29, pl. 3, figs 1-7.
1933 Didacna Baeri (Grimm, 1877). – Zhizhchenko: 34, pl. 2, figs 5-8.
1952 Didacna baeri (Grimm, 1877). – Zhadin: 347-348, figs 321-322.
1953 Didacna baeri (Grimm, 1877). – Fedorov: 129, pl. 20, figs 10-11.
1968 Didacna baeri (Grimm, 1877). – Gadzhiev: 76-77, pl. 1, figs 1-2.
1969 Didacna baeri (Grimm). – Logvinenko & Starobogatov: 324, fig. 344(2).
1969 Didacna baeri (Grimm, 1877). – Vekilov: 139-144, pl. 25, figs 1-8.
1973 Didacna baeri Grimm, 1877. – Grossu: 131, textfig. 7.
1983 Didacna baeri (Grimm, 1877). – Popov: 180, pl. 16, figs 20-23.
1988 Didacna baeri (Grimm, 1877). – Yanina & Svitoch: 129, pl. 3, figs 7-13.
2005 Didacna baeri (Grimm, 1877). – Yanina: 242-244, pl. 14, figs 12-15.
2007 Didacna baeri (Grimm, 1877). – Nevesskaja: 940-941, pl. 23, figs 11-17.

Fig 3.2: Syntype of Cerastoderma rhomboides (Lamarck, 1819), stored in the Muséum national d’Histoire 

naturelle Paris (MNHN.F.A50142), Pliocene, Tuscany, Italy. Photograph by E Porez. https://science.mnhn.fr/

institution/mnhn/collection/f/item/a50142?lang=fr_FR
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2013 Didacna baeri (Grimm, 1877). – Kijashko in Bogutskaya et al.: 352, fig. 136, photo 41 [pars,  
 excluding synonymy of Didacna crassa].
2016 Didacna baeri (Grimm, 1877). – Vinarski & Kantor: 71 [pars, excluding synonymy of Didacna  
 crassa].

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Caspian Sea, offshore Turkmenistan, station 132, 40°32’ N, 52°23’ E.
Distribution. Logvinenko and Starobogatov (1969) reported Didacna baeri from the southern 

basin (mostly on the eastern side) and from the middle basin down to 60 m water depth.
Taxonomic notes. In recent works (e.g., Kijashko in Bogutskaya et al. 2013), the species Didacna 

crassa (Eichwald, 1829) [= D. eichwaldi (Krynicki, 1837)] has been considered a synonym of D. 
baeri. However, both species can be distinguished. Didacna baeri has a less extended, more roundish 
shell, a less developed keel, and a low top with less projecting beak and in general more ribs than 
D. eichwaldi (Fig. 3.3). Didacna baeri occurred for the first time in the Novocaspian transgressive 
deposits whereas D. crassa already occurred in the late Khvalynian (Late Pleistocene). Both became 
very common during the Novocaspian.

Conservation status. Not assessed.

Didacna barbotdemarnii (Grimm, 1877)

*1877 Cardium Barbot-de-Marnii Grimm: 56-58, pl. 8, figs 5-6.
1952 Didacna barbot-de-marnyi [sic] (Grimm, 1877). – Zhadin: 348, fig. 323.
1969 Didacna barbotdemarnyi [sic] (Grimm). – Logvinenko & Starobogatov: 326-327, fig. 346, pl. 5,  
 fig. 8.
1973 Didacna barbotdemarnyi [sic] Grimm, 1877. – Grossu: 133, textfig. 10.
2007 Didacna barbotdemarnyi [sic] (Grimm, 1877). – Nevesskaja: 941-943, pl. 24, figs 10-14.
2013 Didacna barbotdemarnii (Grimm, 1877). – Kijashko in Bogutskaya et al.: 353, fig. 139, photo  
 42.
2016 Didacna barbotdemarnii (Grimm, 1877). – Vinarski & Kantor: 71.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Caspian Sea, station 116, 44º17’ N, 50º22’ E.
Distribution. Southern, middle, and southern part of the northern Caspian Sea down to 40 m 

water depth preferentially on sandy sediments (Logvinenko and Starobogatov, 1969).
Conservation status. Not assessed.
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Didacna eichwaldi (Krynicki, 1837)
Fig. 3.3b

o1829 C.[ardium] crassum Eichwald: 283 [non Cardium crassum Gmelin, 1791].
*1837 Cardium Eichwaldi Krynicki: 61 [nom. nov. pro C. crassum Eichwald, 1829, non Gmelin,   
 1791].
1841 Didacna crassa. – Eichwald: 273, pl. 39, figs 6a-b.
1876 Cardium crassum Eichwald, 1829. – Grimm: 136-138, pl. 6, fig. 3.
1905 Didacna crassa (Eichwald, 1829). – Ostroumov: 15, 69, pl. 2 (A).
1932 Didacna aff. crassa (Eichwald, 1829). – Bogachev: 27, pl. 2, figs 11-14.
1952 Didacna crassa Eichwald, 1841. – Zhadin: 349, fig. 325.
1953 Didacna crassa (Eichwald, 1829). – Fedorov: 130, pl. 20, figs 8-9, 12-13.
1958 Didacna crassa Eichwald, 1829. – Nevesskaja: 39-40, pl. 7, figs 8-9.
1969 Didacna crassa (Eichwald, 1829). – Vekilov: 134-139, pl. 24, figs 1-6, pl. 27, figs 1-2.
1988 Didacna crassa (Eichwald, 1829). – Yanina & Svitoch: pl. 12, figs 8-9, pl. 13, figs 1-5.
2005 Didacna crassa (Eichwald, 1829). – Yanina: 242, pl. 14, figs 3-6.
2007 Didacna crassa (Eichwald, 1829). – Nevesskaja: 939-940, pl. 23, figs 1-5.
2013 Didacna baeri (Grimm, 1877). – Kijashko in Bogutskaya et al.: 352 [pars, non fig. 136, photo  
 41, non Cardium baeri Grimm, 1877].
2016 Didacna baeri (Grimm, 1877). – Vinarski & Kantor: 71 [pars, non Grimm, 1877].

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. “Caspium mare” (Caspian Sea) (for C. crassum Eichwald, 1829).
Distribution. Caspian Sea. Didacna eichwaldi is known from the middle and southern Caspian 

Sea basins down to 35 m water depth and cannot tolerate lowered salinities.
Taxonomic notes. In recent works (Kijashko in Bogutskaya et al. 2013), the species Didacna 

crassa (Eichwald, 1829) [= D. eichwaldi (Krynicki, 1837)] has been considered a synonym of D. 
baeri. However, we see morphological discontinuities in our extensive material from the northern 
Caspian Sea basin that implies that D. eichwaldi with its protruding umbo and shouldered 
appearance is distinct from D. baeri that is characterized by a rounded umbo (see discussion above 
under D. baeri). Despite being in common usage, the name Didacna crassa is invalid as it is a junior 
homonym of Cardium crassum Gmelin, 1791; Krynicki (1837) introduced Cardium eichwaldi as 
replacement name.

Conservation status. Not assessed.

Didacna longipes (Grimm, 1877)

*1877 Cardium longipes Grimm: 54-56, pl. 8, figs 4a-c.
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1952 Didacna longipes (Grimm, 1877). – Zhadin: 349-350, fig. 326.
1969 Didacna longipes (Grimm). – Logvinenko & Starobogatov: 326, fig. 345.
1973 Didacna longipes Grimm, 1877. – Grossu: 132, textfig. 9, pl. 1, fig. 2.
?2007 Didacna carinata Nevesskaja: 943, pl. 24, figs 15-19.
2013 Didacna longipes (Grimm, 1877). – Kijashko in Bogutskaya et al.: 354, fig. 137, photo 43.
2016 Didacna longipes (Grimm, 1877). – Vinarski & Kantor: 71.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Caspian Sea, offshore Azerbaijan, approximately 40º39’N, 50º26’E.
Distribution. Southern and middle Caspian Sea basins and southern part of the northern 

Caspian Sea down to 30-40 m water depth. The species often co-occurs with D. barbotdemarnii.
Remarks. We are uncertain about the status of Didacna carinata Nevesskaja, 2007. The overall 

outline resembles that of D. barbotdemarnii, but the former species appears smaller and thinner. 
Kijashko in Bogutskaya et al. (2013) considered D. carinata as a synonym of D. longipes.

Conservation status. Not assessed.

Didacna parallela Bogachev, 1932

Fig. 3.3: Didacna baeri versus D. eichwaldi from Holocene (Novocaspian) deposits of Turali Lagoon (Dagestan, 

Russia). a RGM.961899, Didacna baeri (Grimm, 1877) b RGM.961900, Didacna eichwaldi (Krynicki, 1837), 

same locality. Scale bar: 1 cm.
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*1932b Didacna parallela Bogachev: pl. 2, figs 2-3.
1932a Didacna parallela Bogachev: 44, pl. 5, figs 1-7, 9.
1953 Didacna parallella [sic] Bogatchev, 1932. – Fedorov: 126, pl. 17, figs 1-11.
1969 Didacna parallella [sic] Bog. – Logvinenko & Starobogatov: 324-325, fig. 344(3).
1969 Didacna parallella [sic] Bogatchev, 1932. – Vekilov: 117-120, pl. 21, figs 1-8.
1973 Didacna parallella [sic] Bogatchev, 1922 [sic]. – Grossu: 131, fig. 8, pl. 1, fig. 4.
2005 Didacna parallella [sic] Bogatchev, 1932. – Yanina: 237-238, pl. 12, figs 1-8.
2007 Didacna parallella [sic] Bogatchev, 1932. – Nevesskaja: 933-935, pl. 21, figs 1-5.
2013 Didacna parallela Bogachev, 1932. – Kijashko in Bogutskaya et al.: 355-356, fig. 138.
2016 Didacna parallela Bogachev, 1932. – Vinarski & Kantor: 72.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Khala, Apsheron Peninsula, Azerbaijan (early Khvalynian, Late Pleistocene).
Distribution. Caspian Sea, southern basin and western part of middle basin between 50-85 

m water depth (Logvinenko and Starobogatov, 1969). This species was mentioned from depths 
between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017), 
but we are not certain whether it concerns living specimens.

Remarks. Didacna parallela has been considered as extinct by Nevesskaja (2007) but was 
nevertheless treated in Kijashko in Bogutskaya et al. (2013). Live records are known at least until 
1986 and we have no particular reason to assume it is extinct.

Conservation status. Not assessed.

Didacna praetrigonoides Nalivkin & Anisimov, 1914

*1914 Didacna praetrigonoides Nalivkin & Anisimov: 5-6, 16-17, pl. 1, figs 1-2.
1932b Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Bogachev: pl. 2, fig. 1.
1932a Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Bogachev: 42, pl. 4, figs 1-8, pl. 5, fig. 8.
1948 Didacna praetrigonoides Nal. – Fedorov: pl. 2, figs 10-13.
1953 Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Fedorov: 128, pl. 18, figs 1-6, pl. 19, figs  
 1-6.
1958 Didacna praetrigonoides Nalivkin et Anisimov, 1914. – Nevesskaja: 17-20, pl. 1, figs 1-14.
1969 Didacna trigonoides praetrigonoides Nal. et Anis. – Logvinenko & Starobogatov: 324, fig. 343(2).
1969 Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Vekilov: 120-128, pl. 22, figs 1-9.
1973 Didacna trigonoides praetrigonoides Nalivkin et Anisimov, 1915. – Grossu: 129, textfig. 5.
1983 Didacna praetrigonoides praetrigonoides Nalivkin & Anisimov, 1914. – Popov: 195, pl. 15, figs  
 1-2.
1988 Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Yanina & Svitoch: pl. 8, figs 4-7.
2005 Didacna praetrigonoides Nalivkin & Anisimov, 1914. – Yanina: 241, pl. 14, figs 1-2.
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2007 Didacna praetrigonoides praetrigonoides Nalivkin & Anisimov, 1914. – Nevesskaja: 927, pl. 19,  
 figs 9-10.

Status. Pontocaspian species, endemic to Caspian Sea. Possibly extinct.
Type locality. Apsheron Peninsula, Azerbaijan, Quaternary.
Distribution. Caspian Sea. Logvinenko and Starobogatov (1969) reported the species from 

the southern Caspian Sea basin and the southern part of the middle Caspian Sea basin down to 
60 m water depth. The species has been collected from Holocene deposits and beach occurrences 
the western part of the middle Caspian Sea basin as well (FW, pers. obs.). The species is reportedly 
extinct, not mentioned in Kijashko in Bogutskaya et al. (2013).

Remarks. The first appearance of Didacna praetrigonoides is in lower Khvalynian deposits, it 
became widespread during the late Khvalynian and was rare during the Novocaspian.

Conservation status. Not assessed. Didacna praetrigonoides has been reported to occur ‘rarely 
in the modern Caspian Sea’ (Nevesskaja 2007: 927), but material from recent assemblages has not 
been found.

Didacna profundicola Logvinenko & Starobogatov, 1966

*1966a Didacna profundicola Logvinenko & Starobogatov: 13-14, fig. 1.
1969 Didacna profundicola Logv. et Star. – Logvinenko & Starobogatov: 328-329, fig. 349.
1973 Didacna profundicola Logvinenko et Starobogatov, 1966. – Grossu: 134, textfig. 13.
2007 Didacna profundicola Logvinenko et Starobogatov, 1966. – Nevesskaja: 944, pl. 20, figs 28a-c.
2013 Didacna profundicola Logvinenko et Starobogatov. – Kijashko in Bogutskaya et al.: 356, fig.  
 140, photo 45.
2016 Didacna profundicola Logvinenko et Starobogatov. – Vinarski & Kantor: 72.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Central part of the Caspian Sea.
Distribution. Middle and southern basins of Caspian Sea between 75 and 409 m water depth 

(Logvinenko and Starobogatov, 1969). This species was mentioned from depths between 200 and 
600 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Conservation status. Not assessed.

Didacna protracta (Eichwald, 1841)

*1841 Adacna protracta Eichwald: 280, pl. 40, figs 10-11 [non figs 9-10 as indicated in the text].
1877 Cardium catillus Eichw. – Grimm: 58, pl. 8, figs 7-8 [non Monodacna catillus Eichwald, 1841].
1910 Didacna protracta (Eichwald, 1841). – Andrusov: 67, pl. 8, figs 22-33, pl. 9, figs 1-9.
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1952 Didacna protracta (Eichwald, 1841). – Zhadin: 348-349, fig. 324.
1953 Didacna protracta (Eichwald, 1829). – Fedorov: 127, pl. 14, figs 12-15, pl. 15, figs 1-16.
1967 Didacna protracta Eichwald, 1841. – Svitoch: 42-43, pl. 6, figs 6-9, pl. 7, figs 1-2.
1969 Didacna protracta protracta (Eichw.). – Logvinenko & Starobogatov: 327, fig. 347.
1973 Didacna protracta protracta Eichwald, 1841. – Grossu: 133, textfig. 11.
1973 Didacna protracta submedia Andrusov, 1911. – Grossu: 133-134, textfig. 12.
1999 Didacna protracta (Eichwald, 1829). – Fedorov: pl. 12, figs 4-7.
2005 Didacna protracta (Eichwald, 1829). – Yanina: 238-239, pl. 12, figs 9-19.
2007 Didacna protracta protracta (Eichwald, 1829). – Nevesskaja: 938-939, pl. 22, figs 4-13.
2013 Didacna protracta (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 356, fig. 141.
2013 Didacna protracta submedia Andrusov, 1910. – Kijashko in Bogutskaya et al.: 356, fig. 142.
2016 Didacna protracta (Eichwald, 1841). – Vinarski & Kantor: 72.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. The type series (?Recent, Caspian Sea) was reported as lost by Nevesskaja (2007) 

who introduced a neotype from the Elton Lake surroundings in the northern Caspian plains, Russia 
(early Khvalynian, Late Pleistocene).

Distribution. Middle and southern Caspian Sea basins; it is most common in the middle basin 
at 25-85 m water depth (Logvinenko and Starobogatov, 1969).

Taxonomic notes. According to Logvinenko and Starobogatov (1969), two subspecies occur 
in the Caspian Sea at different depth ranges: D. protracta protracta at 25-50 m and D. protracta 
submedia Andrusov, 1910 at 50-85 m. The latter differs from D. p. protracta by the relative posterior 
location of the umbo that is furthermore subdued. Both forms of Didacna protracta are widespread 
in the Khvalynian deposits of the Caspian Sea and Manych depression. According to Kijashko in 
Bogutskaya et al. (2013) morphological differences characteristic for the subspecies of Didacna 
protracta are due to allometric growth. The mere difference in depth distribution, with overlapping 
depths and intermediate forms, does not provide any argument to maintain these subspecies. 
Didacna protracta is the type species of the subgenus Protodidacna Logvinenko & Starobogatov, 
1966.

Remarks. The authorship attribution of this species to Eichwald (1829) as proposed by several 
authors was rejected in Vinarski and Kantor (2016). According to them, Cardium protractum 
Eichwald, 1829, described from the western Ukraine, probably refers to a different species.

Conservation status. Not assessed.

Didacna pyramidata (Grimm, 1877)

*1877 Cardium pyramidatum Grimm: 46-49, pl. 8, figs 1a-d.
1932 Didacna pyramidata (Grimm, 1877). – Bogachev: 28-29, pl. 2, figs 15-16.
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1952 Didacna pyramidata (Grimm, 1877). – Zhadin: 347, fig. 320.
1969 Didacna pyramidata (Grimm). – Logvinenko & Starobogatov: 324, fig. 344(1).
1969 Didacna pyramidata (Grimm, 1877). – Vekilov: 144-147, pl. 26, figs 1-5.
1973 Didacna pyramidata Grimm, 1877. – Grossu: 130, textfig. 6, pl. 1, fig. 1.
2007 Didacna pyramidata (Grimm, 1877). – Nevesskaja: 940, pl. 23, figs 6-10.
2013 Didacna pyramidata (Grimm, 1877). – Kijashko in Bogutskaya et al.: 357, fig. 135, photo 47.
2016 Didacna pyramidata (Grimm, 1877). – Vinarski & Kantor: 73.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Caspian Sea, offshore Azerbaijan, 39°47’N, 49°59’30”E (Kijashko in Bogutskaya et 

al. 2013).
Distribution. Caspian Sea: southern basin and southern part of the middle basin at depths 

between 30-100 m (Logvinenko and Starobogatov, 1969).
Conservation status. Not assessed.

Didacna trigonoides (Pallas, 1771)

*1771 Cardium trigonoides Pallas: 478.
1831 Cardium trigonoides (Pallas, 1771). – Eichwald: 282.
1838 Didacna trigonoides n. – Eichwald: 166-167.
1841 Didacna trigonoides. – Eichwald: 271-272, pl. 39, figs 5a-c.
1876 Cardium trigonoides, Pall. – Grimm: 138-140, pl. 6, fig. 2.
1914 Didacna trigonoides (Pallas, 1771). – Kalitskiy: pl. 3, figs 1-2.
1914 Didacna trigonoides (Pallas, 1771). – Nalivkin & Anisimov: 6, pl. 1, fig. 3.
1932b Didacna trigonoides (Pallas, 1771). – Bogachev: pl. 1, figs 5-6.
1932a Didacna trigonoides (Pallas, 1771). – Bogachev: 25, pl. 2, figs 1-9.
1933 Didacna trigonoides (Pallas, 1771). – Zhizhchenko: 35-36, pl. 2, figs 9-10.
1950 Didacna trigonoides (Pallas, 1771). – Pravoslavlev: 21-22, figs 1-4.
1952 Didacna trigonoides (Pallas, 1771). – Zhadin: 346, fig. 319.
1953 Didacna trigonoides (Pallas, 1771). – Fedorov: 129, pl. 20, figs 7-9.
1969 Didacna trigonoides trigonoides (Pall.). – Logvinenko & Starobogatov: 323, fig. 343(1), pl. 5, 
 fig. 7.
1969 Didacna trigonoides (Pallas, 1771). – Vekilov: 128-134, pl. 23, figs 1-9, pl. 27, fig. 6.
1973 Didacna trigonoides trigonoides Pallas, 1771. – Grossu: 129, textfig. 4, pl. 1, fig. 3.
1977 Didacna trigonoides tuzetae Tadjalli-Pour: 97, pl. 1, fig. 3.
1983 Didacna trigonoides (Pallas, 1771). – Popov: 204, pl. 16, fig. 19.
1986 Didacna trigonoides (Pallas, 1771). – Yakhimovich et al.: 79, pl. 10, fig. 1.
1988 Didacna trigonoides (Pallas, 1771). – Yanina & Svitoch: pl. 9, figs 7-12.
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2005 Didacna trigonoides (Pallas, 1771). – Yanina: 244-245, pl. 14, figs 7-11.
2007 Didacna trigonoides (Pallas, 1771). – Nevesskaja: 941, pl. 24, figs 1-9.
2013 Didacna trigonoides (Pallas, 1771). – Kijashko in Bogutskaya et al.: 358, fig. 134.
2016 Didacna trigonoides (Pallas, 1771). – Vinarski & Kantor: 70.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Caspian Sea, a neotype has been designated based on a specimen from Chechen 

Island by Nevesskaja (2007, pl. 24, fig. 4).
Distribution. Caspian Sea, mostly eastern part of northern Caspian Sea basin (Logvinenko and 

Starobogatov, 1969). Furthermore, it is found in living position in Novocaspian deposits near Turali, 
Dagestan (western part middle basin; FW).

Remark. Genetic data are available through Albrecht et al. (2014).
Conservation status. Not assessed.

Hypanis plicata (Eichwald, 1829)

*1829 G.[lycymeris] plicata Eichwald: 279, pl. 5, figs 2a-b.
1838 Adacne [sic] plicata m. – Eichwald: 171-172.
1916 Adacna relicta Milaschewitch: 274-276, pl. 8, figs 10-13 [non figs 10-12 as indicated in the text].
1926 Adacna relicta var. dolosmiana Borcea: 468-469, pl. 18, figs 156-158, pl. 21, fig. 2.
1952 Adacna (Hypanis) plicata (Eichwald, 1829). – Zhadin: 354-355, fig. 332.
1958 Adacna (Hypanis) plicata (Eichwald), 1829. – Nevesskaja: 50-51, pl. 9, figs 9-14.
1969 Hypanis plicata plicata (Eichw.). – Logvinenko & Starobogatov: 331-332, fig. 350.
1973 Hypanis plicata plicata Eichwald, 1829. – Grossu: 136, textfig. 14, pl. 1, fig. 5.
1973 Hypanis plicata relicta Milaschevitsch, 1916. – Grossu: 136, textfig. 15, pl. 1, figs. 6, 20-23.
1973 Hypanis dolosmaniana [sic] Borcea, 1826. – Grossu: 136, textfig. 16, pl. 1, figs 16-19.
1977 Hypanis plicata golbargae Tadjalli-Pour: 99, pl. 1, fig. 5.
2006a Hypanis plicata relicta (Milachevitch, 1916). – Munasypova-Motyash: 45-46.
2009 Adacna (Hypanis) plicata relicta Milaschevich, 1916. – Popa et al. 12, fig. 4.
2013 Hypanis plicata (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 387, fig. 164, photo 56.
2016 Hypanis plicata plicata (Eichwald, 1829). – Vinarski & Kantor: 73.
2016 Hypanis plicata relicta (Milaschewitsch, 1916). – Vinarski & Kantor: 74.

Status. Pontocaspian species, endemic to Caspian Sea basin and Black Sea basin.
Type locality. “Sinum Astrabadensem” [Caspian Sea near Astrabad (= Gorgan, Iran)].
Distribution. Caspian Sea, western liman coast Black Sea basin.
Taxonomic notes. The Black Sea populations of H. plicata show a large range of morphological 

variation with elongated specimens that cannot be distinguished from Caspian H. plicata to severely 
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stunted and irregularly shaped specimens that have been considered as a subspecies (H. plicata 
relicta) or as distinct species (H. dolosmiana) (e.g., Munasypova-Motyash 2006a). These forms have 
intermediates indicating that the Black Sea basin specimens are a single species that should be 
attributed to H. plicata even though the latter appear to have lived under lower salinities than their 
Caspian counterparts. Molecular studies are required to elucidate the status of the Black Sea basin 
material.

Conservation status. Not assessed. Fresh shells (including paired specimens) have been found 
at several beaches around the Caspian Sea (Turali, Dagestan, Russia; Şuraabad, Azerbaijan; FW). The 
species has been reported alive from the Razim lake complex of the Romanian Black Sea coast by 
Popa et al. (2009).

Monodacna acuticosta (Logvinenko & Starobogatov, 1969)

*1967 Hypanis acuticosta Logvinenko & Starobogatov: 232.
1969 Hypanis angusticostata acuticosta Logvinenko & Starobogatov: 334, fig. 353(1).
1973 Hypanis angusticostata acuticosta Logvinenko et Starobogatov, 1967. – Grossu: 141, fig. 23.
2013 Adacna (Monodacna) acuticosta (Logvinenko et Starobogatov, 1967). – Kijashko in Bogutskaya  
 et al.: 379, fig. 160, photo 50.
2016 Adacna (Monodacna) acuticosta (Logvinenko et Starobogatov, 1967). – Vinarski & Kantor: 66.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. “Northern Caspian Sea on the central part of the slope” (Vinarski and Kantor 

2016: 66), which likely refers to northern slope of the middle Caspian Sea basin.
Distribution. Caspian Sea (middle Caspian Sea basin).
Conservation status. Not assessed.

Monodacna albida (Logvinenko and Starobogatov, 1967)

*1967 Hypanis albida Logvinenko & Starobogatov: 232.
1969 Hypanis albida Logv. et Star. – Logvinenko & Starobogatov: 336, fig. 353(3).
1973 Hypanis albida Logvinenko et Starobogatov, 1967. – Grossu: 144, textfig. 28.
2013 Adacna (Monodacna) albida (Logvinenko et Starobogatov, 1967). – Kijashko in Bogutskaya et  
 al.: 380, fig. 162, photo 51.
2016 Adacna (Monodacna) albida (Logvinenko et Starobogatov, 1967). – Vinarski & Kantor: 66.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. “Western Caspian Sea south-eastwards from Derbent” (Vinarski and Kantor 2016: 

66).
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Distribution. Caspian Sea (middle and southern Caspian Sea basin). This species was 
mentioned (as Hypanis albida) from depths between 200 and 400 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. This species is part of a group of Caspian Monodacna with relative flat and 
wedge-shaped shells with low and sometimes poorly defined ribs (M. albida, M. polymorpha). Like 
for the Monodacna caspia group (see below), we are in need of studies to assess whether these taxa 
might form ecomorphs of a single species.

Conservation status. Not assessed.

Monodacna caspia (Eichwald, 1829)

*1829 C.[orbula] caspia Eichwald: 281, pl. 5, fig. 6.
1841 Monodacna caspia. – Eichwald: 274, pl. 39, figs 4a-c.
1905 Monodacna caspia (Eichwald, 1829). – Ostroumov: pl. 3, fig. C.
1932b Monodacna caspia (Eichwald, 1829). – Bogachev: pl. 1, figs 10, 13.
1932b Monodacna caspia (Eichwald, 1829). – Bogachev: 30, pl. 3, figs 21-27.
1952 Monodacna edentula (Pallas, 1771) var. caspia Eichwald, 1841. – Zhadin: 350, fig. 327B.
1958 Monodacna caspia (Eichwald), 1829. – Nevesskaja: 44-46, pl. 9, figs 1-8.
1963 Monodacna caspia caspia (Eichwald, 1829). – Nevesskaja: 66, pl. 8, figs 1-4.
1965 Monodacna caspia caspia (Eichwald). – Nevesskaja: 187-198, pl. 9, figs 6-15, 17-19, 23-26, 29.
1969 Monodacna caspia (Eichwald, 1829). – Vekilov: 147-150, pl. 31, figs 9-11.
1973 Hypanis caspia caspia Eichwald, 1829. – Grossu: 139, textfig. 19B.
1977 Hypanis caspia assalae Tadjalli-Pour: 99, pl. 1, fig. 4.
1977 Hypanis caspia nahali Tadjalli-Pour: 99, pl. 1, fig. 6.
2013 Adacna (Monodacna) caspia caspia (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 380, 
 fig. 154.
2016 Adacna (Monodacna) caspia caspia (Eichwald, 1829). – Vinarski & Kantor: 67.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. “Caspium mare” [Caspian Sea].
Distribution. Caspian Sea.
Taxonomic notes. The Monodacna caspia group (M. caspia, M. filatovae, and M. knipowitschi) 

comprises three (sub-) species that all share the relatively convex and rounded shell and well-
defined ribbing. These species have been described from different areas and habitats in the Caspian 
Sea and have been morphologically characterised by Kijashko in Bogutskaya et al. (2013). However, 
neither morphological analyses of intermediate populations nor genetic analyses have been 
performed to clarify if the three taxa are distinct or ecomorphs of a single species. We are therefore 
uncertain whether M. filatovae and M. knipowitschi should be maintained.

80

Chapter 3



Conservation status. Not assessed.

Monodacna colorata (Eichwald, 1829)

*1829 G.[lycymeris] colorata Eichwald: 279-280, pl. 5, fig. 4.
1838 Adacna colorata m. – Eichwald: 169-170.
?1838 Monodacna pontica Eichwald: 168.
1926 Monodacna colorata var. ialpugensis Borcea: 452, pl. 15, fig. 16.
1926 Monodacna colorata var. angusticostata Borcea: 452-453, pl. 15, figs 27-28, pl. 16, figs 90-91, 
 pl. 18, figs 143, 169, 173, pl. 21, fig. 7.
1926 Adacna Luciae Borcea: 469-471, pl. 18, figs 146, 148-149, 151-153, pl. 21, figs 8-9.
1952 Monodacna colorata (Eichwald, 1829). – Zhadin: 351, fig. 328.
?1972 Hypanis caspia grossui Scarlato & Starobogatov: 214, pl. 4, figs 1a-b.
1973 Hypanis caspia grossui Scarlato et Starobogatov, 1971. – Grossu: 140, textfig. 21, pl. 1, fig. 8.
1973 Hypanis angusticostata angusticostata Borcea, 1926. – Grossu: 141, pl. 1, fig. 12.
1973 Hypanis luciae Borcea, 1926. – Grossu: 138, textfig. 18.
1973 Hypanis ialpugensis Borcea, 1926. – Grossu: 142, fig. 24, pl. 1, figs 9, 10.
1973 Hypanis colorata Eichwald, 1829. – Grossu: 142-143, fig. 25, pl. 1, figs 13-15.
1973 Hypanis pontica Eichwald, 1838. – Grossu: 143, fig. 26, pl. 1, fig. 11.
2006a Hypanis colorata (Eichwald, 1829). – Munasypova-Motyash: 42-43.
?2006a Hypanis pontica (Eichwald, 1838). – Munasypova-Motyash: 43-44.
?2006a Hypanis angusticostata angusticostata (Borcea, 1926). – Munasypova-Motyash: 44.
2009 Monodacna pontica Eichwald, 1838. – Popa et al.: 10, textfig. 2.
2009 Monodacna colorata Eichwald, 1829. – Popa et al.: 10-11, textfig. 3.
2012 Hypanis colorata (Eichwald, 1829). – Popa et al.: 153, 154.
2012 Hypanis angusticostata (Borcea, 1926). – Popa et al.: 153, 154.
2013 Adacna (Monodacna) colorata (Eichwald, 1829). – Kijashko in Bogutskaya et al.: 383, fig. 158.
2016 Adacna (Monodacna) angusticostata (Borcea, 1926). – Vinarski & Kantor: 66.
2016 Adacna (Monodacna) grossui (Scarlato et Starobogatov, 1972). – Vinarski & Kantor: 67.
2016 Adacna (Monodacna) ialpugensis (Borcea, 1926). – Vinarski & Kantor: 68.

Status. Pontocaspian species, native to Black Sea basin (including lower Danube River), invasive in 
Caspian Sea and Volga River.

Type locality. “Hypanin fluvium, ad nigrum usque mare” [Lower course of the Yuzhnyi Bug 
River, all the way to the Black Sea, Ukraine].

Distribution. Native to all Black Sea basin Pontocaspian habitats and lower courses of adjacent 
rivers such as the Danube, Dnieper, and Dniester; invasive in Caspian Sea basin and lower Volga, as 
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well as Lake Balkhash (Kazakhstan). Occurs hundreds of kilometres upstream in major tributaries 
(Danube: Popa et al. 2009; recent observations in Volga River upstream Volgograd by MV and AFS).

Taxonomic notes. Monodacna colorata appears to be a morphologically very variable species. 
Here, we propose to synonymise several local Black Sea species with this taxon. Given the difficulty 
to distinguish relatively flat shells typically associated with M. colorata from the more convex shells 
typically associated with M. pontica in, e.g., Lake Razim (Romania) and the apparent lack of genetic 
differentiation of convex specimens from M. colorata we assume that M. pontica is a synonym of 
M. colorata. Shell differences have been attributed to substrate differences. Further investigations 
to confirm the synonymy are required. Monodacna angusticostata was synonymised by Popa et al. 
(2012) based on molecular evidence, even though some morphological distinction was reported 
from M. colorata, which they attributed to differential habitat preference (sediment type).

Conservation status. Not assessed.

Monodacna filatovae (Logvinenko & Starobogatov, 1967)

1876 Cardium caspium, Eichw. – Grimm: 134-136 [pars].
*1967 Hypanis caspia filatovae Logvinenko & Starobogatov: 231.
1973 Hypanis caspia filatovae Logvinenko et Starobogatov, 1967. – Grossu: 139, textfig. 19a.
2013 Adacna (Monodacna) caspia filatovae Logvinenko et Starobogatov, 1967. – Kijashko in   
 Bogutskaya et al.: 381, fig. 155, photo 52.
2016 Adacna (Monodacna) caspia filatovae Logvinenko et Starobogatov, 1967. – Vinarski & 
 Kantor: 67.

Status. Pontocaspian species, endemic to Caspian Sea. Uncertain whether it concerns a morph of M. 
caspia.

Type locality. Gulf of Baku, Caspian Sea, Azerbaijan.
Distribution. Southern Caspian Sea basin.
Taxonomic notes. See remarks under Monodacna caspia above for uncertain status of M. 

filatovae.
Conservation status. Not assessed.

Monodacna knipowitschi (Logvinenko & Starobogatov, 1966)

*1966a Hypanis caspia knipowitschi Logvinenko & Starobogatov: 15, fig. 2.
1973 Hypanis caspia knipowitschi Logvinenko et Starobogatov, 1967. – Grossu: 140, textfig. 20.
2013 Adacna (Monodacna) caspia knipowitschi Logvinenko et Starobogatov, 1966. – Kijashko in  
 Bogutskaya et al.: 381, figs 152, 153, photo 53.
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2016 Adacna (Monodacna) caspia knipowitschi Logvinenko et Starobogatov, 1966. – Vinarski &  
 Kantor: 67.

Status. Pontocaspian species, endemic to Caspian Sea. Uncertain whether it concerns a morph of M. 
caspia.

Type locality. Middle Caspian Sea basin.
Distribution. Caspian Sea (middle and southern basins). This species was mentioned (as 

Hypanis caspia knipowitchi) from depths between 200 and 300 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. See remarks under Monodacna caspia above for uncertain status of M. 
knipowitschi.

Conservation status. Not assessed.

Monodacna polymorpha (Logvinenko & Starobogatov, 1967)

*1967 Hypanis angusticostata polymorpha Logvinenko & Starobogatov, 1967: 232.
1973 Hypanis angusticostata polymorpha Logvinenko et Starobogatov, 1967. – Grossu: 141, fig. 22, 
 pl. 1, fig. 7.
2013 Adacna (Monodacna) polymorpha Logvinenko et Starobogatov, 1967. – Kijashko in Bogutskaya
 et al.: 383, fig. 159, photo 54.
2016 Adacna (Monodacna) polymorpha Logvinenko et Starobogatov, 1967. – Vinarski & Kantor: 68.

Status. Pontocaspian species, endemic to Caspian Sea. Status uncertain.
Type locality. Central part of northern Caspian Sea.
Distribution. Northern Caspian Sea.
Taxonomic notes. See remarks under M. albida for uncertain species status.
Conservation status. Not assessed.

Monodacna semipellucida (Logvinenko & Starobogatov, 1967)

*1967 Hypanis semipellucida Logvinenko & Starobogatov: 232-233.
1973 Hypanis semipellucida Logvinenko et Starobogatov, 1967. – Grossu: 144, textfig. 27.
2013 Adacna (Monodacna) semipellucida Logvinenko et Starobogatov, 1967. – Kijashko in 
 Bogutskaya et al.: 384, fig. 161, photo 55.
2016 Adacna (Monodacna) polymorpha Logvinenko et Starobogatov, 1967. – Vinarski & Kantor: 68.

Status. Pontocaspian species, endemic to Caspian Sea.
Type locality. Off Tokmak Cape (also as Toqmaq Müyis), southern Kazakhstan, Caspian Sea.
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Distribution. Middle Caspian Sea.
Conservation status. Not assessed.

Family Semelidae Stoliczka, 1870

Abra segmentum (Récluz, 1843)

o1836 Erycina ovata Philippi: 13, pl. 1 fig. 13 [non Erycina ovata Gray, 1825].
*1843 Syndosmya segmentum Récluz: 365-366.
1969 Abra ovata (Phil.). – Logvinenko & Starobogatov: 339, fig. 355, pl. 5, fig. 12.
2013 Abra segmenta (Récluz, 1843). – Kijashko in Bogutskaya et al.: 391, fig. 165.
2015 Abra ovata (Philippi, 1836). – Latypov: 240.

Status. Invasive Pontocaspian species.
Type locality. Mediterranean coast near Taranto (Italy).
Distribution. Mediterranean, Black Sea coastal regions, Sea of Azov, Caspian Sea, Aral Sea.
Taxonomic notes. This species has been reported in much of the 20th century literature as 

Abra ovata (Philippi, 1836), which is invalid since the original name (Erycina ovata Philippi, 1836) 
represents a junior primary homonym of Erycina ovata Gray, 1825.

Remarks. The first transfer of Abra segmentum into the Caspian Sea occurred in 1947-1948, and 
the species was detected ever since 1955 (Latypov, 2015).

Conservation status. Not assessed.

Family Cyrenidae Gray, 1840

Corbicula fluminalis (Müller, 1774)

*1774 Tellina fluminalis Müller: 205-206.
1952 Corbicula fluminalis (Müller, 1774). – Zhadin: 317, fig. 283.
2012 Corbicula fluminalis (Müller, 1774). – Welter-Schultes: 15, unnumbered textfigures.
2016 Corbicula fluminalis (O.F. Müller, 1774). – Nabozhenko & Nabozhenko: 62, textfig. 1(3-4).
2016 Corbicula fluminalis (O.F. Müller, 1774). – Vinarski & Kantor: 80.

Status. Native/Invasive Pontocaspian species.
Type locality. Euphrates River.
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Distribution. Native to large parts of western Asia (including southern Caspian river systems) 
and northern Africa, introduced in 1939 to southern North America and in 1980 from there to 
Europe (Seddon and Van Damme, 2016). The species has been recently recorded from the Caspian 
Dagestan coast (Nabozhenko and Nabozhenko, 2016).

Remarks. This species has been native to south Caspian rivers including the Kura river system 
(Zhadin 1952) and has expanded several times in the Late Pleistocene into the Caspian Sea, where 
in time intervals it survived in proximal lacustrine habitats. A recent introduction and expansion of 
the species has been recorded in the Kizlyarsky Gulf in Dagestan (Nabozhenko and Nabozhenko, 
2016) and the strong increase in fresh material found around the gulf in subsequent years, including 
whole specimens (A.S. Gasanova, Makhachkala, pers. comm.) suggests the species may have 
established there.

Conservation status. Least Concern (Seddon and Van Damme, 2016).

Family Dreissenidae Gray, 1840

Remarks. Pontocaspian dreissenid taxonomy suffers from a lack of coordinated shell and DNA 
analyses. A large part of our considerations relies on the work of Rosenberg & Ludyanskiy (1994) 
who examined and illustrated all type material of Pontocaspian Dreissena.

Dreissena bugensis Andrusov, 1897

*1897 Dreissensia bugensis Andrusov: 285-286, pl. 15, figs 31-37.
1972 Dreissena rostriformis bugensis (Andrusov, 1897). – Scarlato & Starobogatov: 232-233, pl. 6, 
 fig. 16.
1994 Dreissena bugensis (Andrusov, 1897). – Rosenberg & Ludyanskiy: 1479-1480, figs 1a-e.
2013 Dreissena bugensis (Andrusov, 1897). – Kijashko in Bogutskaya et al.: 331, fig. 119.
2016 Dreissena bugensis (Andrusov, 1897). – Vinarski & Kantor: 78.

Status. Until mid-20th century endemic to northern Black Sea liman coast, since then invasive 
elsewhere in Black Sea basin, Volga catchment, western Europe, and North America.

Type locality. Bug Liman near Nikolaev, Ukraine.
Distribution. Endemic to western Ukrainian liman coast, introduced in Danube Delta, Azov 

Sea, Volga catchment, western and central Europe, and North America (Coughlan et al., 2017; 
Orlova et al., 2004).

Taxonomic notes. This species has been considered as a subspecies of D. rostriformis (Deshayes, 
1838) by some authors (e.g., Orlova et al. 2005), yet we follow the argumentation of Kijashko in 
Bogutskaya et al. (2013) to consider it as a distinct species. The proposed synonymy of Caspian 
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D. rostriformis (= D. grimmi) and Black Sea D. bugensis by Stepien et al. (2013) is discussed below 
under D. grimmi.

Conservation status. Least Concern (von Rintelen and Van Damme, 2011a).

Dreissena caspia Eichwald, 1855

*1855 Dreissena caspia Eichwald: 311-312, pl. 10, figs 19-21.
1969 Dreissena caspia (Eichw.). – Logvinenko & Starobogatov: 316-318, fig. 341(2).
1994 Dreissena caspia Eichwald, 1855. – Rosenberg & Ludyanskiy: 1482, figs 3e-f.
2013 Dreissena caspia Eichwald, 1855. – Kijashko in Bogutskaya et al.: fig. 109.
2016 Dreissena (Dreissena) caspia caspia Eichwald, 1855. – Vinarski & Kantor: 76.

Status. Pontocaspian species, Caspian endemic, probably extinct.
Type locality. Chistyi Bank and Cheleken Island, Caspian Sea, Russia.
Distribution. Caspian Sea and Aral Sea, probably extinct.
Taxonomic notes. The species is commonly subdivided into a Caspian subspecies (D. caspia 

caspia) and an Aral Sea subspecies (D. caspia pallasi Andrusov, 1897). However, syntypes of the 
latter illustrated in Rosenberg and Ludyanskiy (1994, fig. 3f) show a broad and keeled Dreissena 
that has major morphological characters in common with D. polymorpha/elata rather than D. 
caspia. Filippov and Riedel (2009) reported Dreissena caspia from Holocene core deposits of Aral 
Sea, but given the juvenile status of their material they noted they were uncertain whether it might 
comprise D. polymorpha. Dreissena caspia was reported alive from the remaining “small Aral Sea” by 
Plotnikov et al. (2016). However, this latter record concerns more likely D. polymorpha and needs 
confirmation. Andreev and Andreeva (2003) mentioned that this subspecies has not been found in 
the Aral Sea since 1989.

Conservation status. Critically endangered, possibly extinct (von Rintelen and Van Damme, 
2011b).

Dreissena elata Andrusov, 1897

*1897 Dreissensia polymorpha var. elata Andrusov: 353, pl. 20, fig. 25.
1969 Dreissena elata (Andr.). – Logvinenko & Starobogatov: 316, fig. 341(1).
1994 Dreissena elata Andrusov, 1897. – Rosenberg & Ludyanskiy: 1482, fig. 3g.
2013 Dreissena elata (Andrusov, 1897). – Kijashko in Bogutskaya et al.: fig. 108.
2016 Dreissena (Dreissena) elata (Andrusov, 1897). – Vinarski & Kantor: 76.

Status. Pontocaspian species, endemic to the Caspian Sea, probably extinct. Species status uncertain.
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Type locality. Kuuli Cape, Dazmyk, Apsheron Peninsula, Azerbaijan (Vinarski and Kantor 
2016).

Distribution. Caspian Sea. Probably extinct.
Taxonomic notes. Dreissena elata has morphological features in common with D. polymorpha, 

including a relatively wide shell and a well-pronounced keel located close to the ventral margin. 
However, the D. elata shell is in general wider, flatter, and has a more rounded abapical margin 
even though shell characters are higly variable. Dreissena elata has been reported from areas in 
the Caspian Sea with salinities well over 5 psu, which is unusual for D. polymorpha elsewhere. We 
are uncertain whether D. elata might be a sibling species. Its apparently distinct morphology and 
autecological preferences suggest it is different from D. polymorpha, but it will require molecular 
comparison to investigate the possibility it concerns a mere morph that has undergone “ecological 
release” (Kohn, 1972). However, no living specimens of D. elata have been recorded since 1957 
(Kostianoy et al., 2005) when its Caspian habitats were invaded by Mytilaster minimus.

Conservation status. Not assessed. It was reported as extinct by Kostianoy et al. (2005, 
and references therein). If D. elata is accepted as a valid species, it might qualify for the same 
conservation status as D. caspia (critically endangered, possibly extinct; von Rintelen and Van 
Damme, 2011b).

Dreissena grimmi (Andrusov, 1890)
Fig. 3.4b

1877 Dreyssena Brardii var. caspia Grimm: 74-75 [non Dreissena caspia Eichwald, 1855].
*1890 Dr.[eissena] Grimmi Andrusov: 233 [nom. nov. pro Dreissena caspia Grimm, 1877, non   
 Eichwald, 1855].
1897 Dreissensia Grimmi Andrus. – Andrusov: 279-282, pl. 16, figs 16-18.
1897 Dreissensia rostriformis var. distincta Andrusov: 273-278, pl. 14, figs 18-24.
1897 Dreissensia Tschaudae var. pontocaspica Andrusov: 294-297, pl. 9, figs 27-32, pl. 15, figs 29-30.
1966a Dreissena rostriformis compressa Logvinenko & Starobogatov: 15-16, fig. 3.
1969 Dreissena rostriformis grimmi Andr. – Logvinenko & Starobogatov: 318, fig. 341(3).
1969 Dreissena rostriformis pontocaspica (Andr.). – Logvinenko & Starobogatov: 319, fig. 341(6).
1994 Dreissena rostriformis (Deshayes, 1838). – Rosenberg & Ludyanskiy: 1477-1479, figs 1f, 2a-j  
 [non Mytilus rostriformis Deshayes, 1838].
2013 Dreissena rostriformis (Deshayes, 1838). – Kijashko in Bogutskaya et al.: 330 [non Deshayes,  
 1838].
2013 D.[reissena] rostriformis compressa Logvinenko et Starobogatov, 1966. – Kijashko in   
 Bogutskaya et al.: 331, fig. 117a, photo 38.
2013 D.[reissena] rostriformis distincta (Andrusov, 1897). – Kijashko in Bogutskaya et al.: 331, 
 fig. 117c.
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2013 D.[reissena] rostriformis grimmi (Andrusov, 1890). – Kijashko in Bogutskaya et al.: 331, 
 fig. 117b.
2013 D.[reissena] rostriformis pontocaspica (Andrusov, 1897). – Kijashko in Bogutskaya et al.: 331,  
 fig. 117d.

Status. Caspian Sea endemic.
Type locality. Caspian Sea.
Distribution. Middle to southern Caspian Sea basins. This species was mentioned (as D. 

rostriformis compressa) from depths between 200 and 400 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017) and found living offshore Aktau (Kazakhstan) in 2017 
below 20 m water depth.

Taxonomic notes. This Caspian species is very often cited as Dreissena rostriformis. 
Rosenberg and Ludyanskiy (1994: 1497) discuss the uncertainties of this attribution but state that 
“D. pontocaspica, D. distincta, D. compressa, and D. grimmi are synonyms of D. rostriformis” even 
though they find “some justification for maintaining a distinction between an extinct subspecies, 
D. rostriformis rostriformis and a living one, for which D. rostriformis grimmi is the oldest name”. 
Their figure of the lectotype of D. rostriformis (Rosenberg and Ludyanskiy 1994: fig. 2a), which 
derives from Pliocene deposits of the Black Sea basin, concerns a relatively small, thick-shelled, and 
low Dreissena with a pointed beak and lacking a keel. On interior view, the shell area outside the 
pallial line is thick. Deshayes’s lectotype has several characters in common with modern Caspian 
D. rostriformis and the closely related Black Sea basin D. bugensis. Yet, the Pliocene form has a 
broader umbonal area that results in a more subquadrangular shape, which is different from the 
modern Caspian Dreissena that have tear-drop to pear-shaped shells. The subquadrangular shape of 

Fig. 3.4: Lectotype Dreissena rostriformis versus D. grimmi. a D. rostriformis Deshayes, 1838. Lectotype. Pliocene, 

Crimea. Reproduced from Archambault-Guezou (1976, pl. 6, fig 2a-2c) b RGM.961901, D. grimmi (Andrusov, 

1890). Caspian Sea offshore Aktau, Kazakhstan, sample KAZ17-21, depth 44.3 m. Scale bar: 1 cm.
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Deshayes’s material is even more pronounced in the pallial line on the shell’s interior, a feature not 
seen in any modern Caspian material. The Pliocene Black Sea D. rostriformis has its general shape in 
common with Apsheronian (Early Pleistocene) Caspian dreissenids referred to as D. carinatocurvata 
as illustrated in Kolesnikov (1950, pl. 14, figs 14-16). Hence, we conclude that the recent Caspian 
species should be treated different from Pliocene D. rostriformis and the name D. grimmi should be 
applied instead.

Various subspecies have been attributed to Caspian Dreissena rostriformis (see, e.g., Kijashko 
in Bogutskaya et al. 2013 for a synonymy list). Even though morphological differences appear to 
be large, intermediates are known between the morphs. Stepien et al. (2013) reviewed molecular 
evidence for species boundaries within Dreissena. They concluded that (1) all Caspian Sea forms 
that have been mentioned in literature as (sub-) species of D. rostriformis (= D. grimmi) are one and 
the same species and (2) there is not enough molecular evidence and great difficulty in morphology 
to separate the Caspian species from the Black Sea basin D. bugensis. We agree with the first point 
made by Stepien et al. (2013); all forms reported from the middle and southern Caspian Sea basins 
appear to be mere morphs of a single species, a feature also noted by Rosenberg and Ludyanskiy 
(1994). However, we disagree with their second proposal. Dreissena bugensis and D. grimmi have 
non-overlapping ecological tolerances and are separated geographically (Rosenberg and Ludyanskiy, 
1994). This fact together with the very limited but consistent genetic differentiation suggests that it 
may concern very recently evolved sister species. In the early 1980s, D. bugensis was introduced in 
the Volga (Zhulidov et al., 2005) and since then spread from there to central and western Europe 
and North America. So far, Dreissena bugensis has only been reported from the Volga itself and 
its delta but not from the northern Caspian Sea basin. If it would be conspecific with the middle-
southern Caspian species, which lives at higher salinities and deeper habitats, we would expect that 
the invasive populations in the north would have been blended with the Caspian population in the 
south. With no such intermediate populations found so far we consider both taxa as viable species.

Conservation status. Least Concern (for Dreissena rostriformis; von Rintelen and Van Damme, 
2011c).

Dreissena polymorpha (Pallas, 1771) s.l.

*1771 Mytilus polymorphus Pallas: 368, 435, 478.
1897 Dreissensia Andrusovi Andrusov: 374-376 pl. 18, figs 21-23.
1897 Dreissensia Pallasi Andrusov: 671-672, pl. 20, figs 33-35.
1897 Dreissensia polymorpha var. aralensis Andrusov: 354-355.
1897 Dreissensia polymorpha var. obtusecarinata Andrusov: 354.
1994 Dreissena polymorpha (Pallas, 1771). – Rosenberg & Ludyanskiy: 1480-1482, figs 3a-b.
1994 Dreissena polymorpha aralensis Andrusov, 1897. – Rosenberg & Ludyanskiy: 1480, fig. 3c.
1994 Dreissena polymorpha obtusecarinata Andrusov, 1897. – Rosenberg & Ludyanskiy: 1481, fig. 3d.
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1994 Dreissena caspia pallasi Andrusov, 1897. – Rosenberg & Ludyanskiy: 1482, fig. 3f.
2003 Dreissena caspia pallasi (Andrusov, 1897). – Andreeva & Andreev: 80, fig. 4.1(7-9).
2003 Dreissena polymorpha aralensis (Andrusov, 1897). – Andreeva & Andreev: 79, fig. 4.1(1-3).
2003 Dreissena obtusecarinata (Andrusov, 1897). – Andreeva & Andreev: 80, fig. 4.1(4-6).
2013 Dreissena (Dreissena) polymorpha (Andrusov, 1897). – Kijashko in Bogutskaya et al.: 328, 
 fig 118a [pars, status fig. 118b uncertain].
2016 Dreissena (Dreissena) polymorpha polymorpha (Andrusov, 1897). – Vinarski & Kantor: 75.
?2016 Dreissena (Dreissena) polymorpha andrusovi (Brusina in Andrusov, 1897). – Vinarski &   
 Kantor: 75.
?2016 Dreissena (Dreissena) polymorpha aralensis (Andrusov, 1897). – Vinarski & Kantor: 75.
?2016 Dreissena (Dreissena) polymorpha obtusecarinata (Andrusov, 1897). – Vinarski & Kantor: 76.
?2016 Dreissena (Dreissena) caspia pallasi (Andrusov, 1897). – Vinarski & Kantor: 7.

Status. Native Pontocaspian species.
Type locality. Volga and Yaik (nowadays Ural) rivers, Caspian Sea.
Distribution. Eurasian (native and invasive), North America (invasive) rivers, lakes, estuaries, 

deltas (Coughlan et al., 2017; Cummings and Graf, 2015; Rosenberg and Ludyanskiy, 1994). Several 
unique forms/species within this group reported from the Pontocaspian region.

Taxonomic notes. Dreissena polymorpha has been subject of intense DNA and ecological 
studies, but rarely Caspian communities were involved. Combined insights into the shell 
morphology, ecology, and molecular biology has to date not fully resolved several aspects of 
Pontocaspian records of this species. Occurrences in rivers and deltas of the Pontocaspian region are 
consistently attributed to Dreissena polymorpha. Yet, slightly deviating morphs exist(ed) in salinities 
typically not favoured by D. polymorpha elsewhere in the Caspian and Aral seas. A particular form 
of Dreissena polymorpha, documented by Kijashko in Bogutskaya et al. (2013), viz. D. polymorpha 
andrusovi (his figure 118b) will need further study as it has many morphological similarities with D. 
caspia (including general shape, location of semidiameter and broad flat shape of hinge platform).

Conservation status. Least Concern (Van Damme, 2014).

Mytilopsis leucophaeata (Conrad, 1831)

*1831 Mytilus leucophaeatus Conrad: 263-264, pl. 11, fig. 13.
2013 Mytilopsis leucophaeata (Conrad, 1831). – Kijashko in Bogutskaya et al.: 320, fig. 107.

Status. Invasive Pontocaspian species.
Type locality. Southern coast of eastern United States.
Distribution. Black Sea basin, Caspian Sea, coasts of western Europe, Caribbean and northern 

South America.
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Remarks. The species, native to the southern coast of North America, was first introduced in 
Europe in 1835 (Heiler et al., 2010). In the Pontocaspian region, it first appeared in the northern 
Black Sea basin in 2002 and was first collected in the Caspian Sea in 2009 (Heiler et al., 2010). It is 
easily distinguished from Pontocaspian dreissenids by the presence of an aphophysis near the hinge.

Conservation status. Least Concern (Cummings, 2011).

3.3.2 Gastropoda

Family Neritidae Rafinesque, 1815

Theodoxus danubialis (Pfeiffer, 1828)

*1828 Nerita danubialis Pfeiffer: 48, pl. 8, figs 17-18.
2009 Theodoxus danubialis (C. Pfeiffer, 1828). – Fehér et al.: figs 2a-k, 4a-c, 5a-c.
2012 Theodoxus danubialis (Pfeiffer, 1828). – Welter-Schultes: 27, unnumbered textfigures.
2016 Theodoxus (Theodoxus) danubialis (Pfeiffer, 1828). – Vinarski & Kantor: 156 [and synonyms  
 therein].

Status. Accepted native species.
Type locality. Danube River, Vienna, Austria.
Distribution. Danube River catchment, central to south-eastern Europe, as well as northern 

Italy (Fehér et al. 2009).
Taxonomic notes. The latest phylogenetic data supports a sister relationship between Theodoxus 

danubialis and the clade containing T. fluviatilis and T. velox (AFS, unpublished data). Some authors 
believe T. danubialis and T. prevostianus may represent different species given some level of genetic, 
ecological, and morphological differentiation (Fehér et al., 2009; Welter-Schultes, 2012; but see also 
Bandel 2001). More recent unpublished results may suggest that the genetic level of differentiation 
between these species is more indicative of intraspecific diversity within a single species (AFS, 
unpublished data).

Conservation status. Least Concern (Tomovic et al., 2010).

Theodoxus fluviatilis (Linnaeus, 1758)

*1758 Nerita fluviatilis Linnaeus: 777.
1865 Theodoxus fluviatilis var. subthermalis Issel: 22-23.
1886 Neritina euxina Clessin: 55.
1908 Neritina danubialis var. danasteri Lindholm: 214-215.
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?1972 Theodoxus dniestroviensis Put’: 80-82, textfig. 5.
?1999 Th. dniestroviensis Put’, 1972. – Anistratenko et al.: 19, figs 4, 8.
1999 Th. fluviatilis (Linnaeus, 1758). – Anistratenko et al.: 13-15, figs 3-4.
2005 Theodoxus fluviatilis (Linnaeus, 1758). – Anistratenko: 7-8, textfigs 3-4.
2012 Theodoxus euxinus (Clessin, 1886). – Welter-Schultes: 27, unnumbered textfigures.
2012 Theodoxus fluviatilis (Linnaeus, 1758). – Welter-Schultes: 28, unnumbered textfigures.
2015 Theodoxus fluviatilis (Linnaeus, 1758). – Glöer and Pešić: 88-91, figs 1, 3-5, 9, 13-34.
2016 Theodoxus (Theodoxus) fluviatilis (Linnaeus, 1758). – Vinarski & Kantor: 154-155 [pars, 
excluding synonyms sarmatica and velox].
2016 Theodoxus (Theodoxus) euxinus (Clessin, 1886). – Vinarski & Kantor: 155.
2016 Theodoxus (Theodoxus) subthermalis (Bourguignat in Issel, 1865). – Vinarski & Kantor: 
 157-158.

Status. Accepted native species.
Type locality. Near Uppsala, Sweden. The lectotype was designated by Anistratenko (2005).
Distribution. Widely distributed all over Europe, Anatolia, and north-western Africa. Within 

the Pontocaspian region, it is a common component of the lower reaches of Black and Azov Sea 
drainages (specifically in Bulgaria, Romania and Ukraine). Towards the east, the species extends at 
least as far as the Don River system in Russia and the coastal rivers of Georgia, but it is absent from 
the Caspian system. Records of this species from Iran and western Asia are likely misidentifications 
(AFS, unpublished data).

Taxonomic notes. Theodoxus fluviatilis exhibits considerable variation in shell colouration and 
shape (Glöer and Pešić, 2015). Unpublished molecular data confirm the synonymy of a number of 
taxa such as Theodoxus euxinus, T. danasteri, and T. subthermalis, and further suggest the inclusion 
of T. saulcyi and T. heldreichi (AFS, unpublished data). A final decision concerning the status of 
T. dniestroviensis Put’, 1972 described from the Dniester River (Rukhotyn village, Khotyn district, 
Chernivtsi region, Ukraine) is not possible at the moment. Despite appropriate efforts, we were 
unable to trace the type specimens of this species. Based on the original description and illustration 
(Put’, 1972) it was considered as a junior synonym of T. fluviatilis by Anistratenko (1999) having 
an unusual colour pattern. Theodoxus milachevichi was described as a subfossil from the Crimean 
coast. It closely resembles morphotypes of both T. fluviatilis and T. velox V. Anistratenko in O. 
Anistratenko et al., 1999 and might be synonym of either species (compare type material illustrated 
in Kantor and Sysoev 2006). However, the morphological variability of the taxa involved, as well as 
the lacking possibility of acquiring genetic data for T. milachevichi, complicates a decision on the 
independence or synonymy of this species.

Conservation status. Least Concern (Kebapçı and Van Damme, 2012).

Theodoxus pallasi Lindholm, 1924
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o1838 Neritina liturata Eichwald: 156-157 [non Neritina liturata Schultze, 1826].
*1924 Theodoxus pallasi Lindholm: 33, 34 [nom. nov. pro Neritina liturata Eichwald, 1838, non   
 Schultze, 1826].
1947 Theodoxus (Theodoxus) pallasi var. nalivkini Kolesnikov: 106, 110.
1976 Theodoxus pallasi Lindholm, 1924. – Akramovskiy: 88, textfig. 23, pl. 1, figs 1-2.
1994 Theodoxus astrachanicus Starobogatov in Starobogatov, Filchakov, Antonova et Pirogov: 8-9,  
 fig. 1(1-2).
1994 Theodoxus astrachanicus Starobogatov et al.: 8-9, fig. 1(1-2).
2009 Theodoxus pallasi Lindholm, 1924. – Filippov & Riedel: 70, 72, 74, 76, figs 4g-i.
2011 Theodoxus astrachanicus Starobogatov in Starobogatov, Filchakov, Antonova et Pirogov, 1994. –  
 Anistratenko et al.: 54-55, fig. 1 (6).
2012 Theodoxus pallasi Lindholm, 1924. – Welter-Schultes: 29, unnumbered textfigures.
2016 Theodoxus (Theodoxus) astrachanicus Starobogatov in Starobogatov, Filchakov, Antonova et  
 Pirogov, 1994. – Vinarski & Kantor: 155-156.
2016 Theodoxus (Theodoxus) pallasi (Lindholm, 1924). – Vinarski & Kantor: 156-157 [and 
 synonyms therein].
2017 Theodoxus pallasi Lindholm, 1924. – Anistratenko et al.: 221, figs 4, 7, 10, 11.
2018 Theodoxus pallasi Lindholm, 1924. – Neubauer et al.: 48-51, figs 4A-F.

Status. Accepted Pontocaspian species, name uncertain.
Type locality. “Inter Fucos littoris Derbendensis viva” (living among algae on the shores of 

Derbent), Dagestan, Russia.
Distribution. Present along the Caspian Sea shores, in the Volga River, and the Sea of Azov. 

Lived until the late 1980s in the Aral Sea but is possibly extinct there now (Aladin et al., 1998; 
Andreev et al., 1992; Micklin et al., 2014).

Taxonomic notes. Eichwald (1838) introduced the species Neritina liturata based on material 
from the shores of Derbent (Dagestan, Russia, northwestern Caspian Sea). That name is invalid as it 
is a junior primary homonym of N. liturata Schultze, 1826; it got replaced by Lindholm (1924) with 
Theodoxus pallasi (see also Anistratenko et al. 2017). Theodoxus pallasi is a widely used name, but a 
major nomenclatural change might be due. Unpublished molecular data suggest that all Theodoxus 
from the Caspian Sea, Azov Sea and Armenian lakes Sevan and Yerevan, as well as several mineral 
springs and streams in the Khorasan provinces of Iran, belong to a single species (AFS, unpublished 
results). The oldest name available for that group is Theodoxus major Issel, 1865, described from 
Lake Sevan in Armenia (originally as variety of the unavailable name T. schirazensis). Akramovskiy 
(1976) noted the similarity of T. pallasi and T. major and considered the latter as a morphotype 
of the former. Although he did not explicitly state it, he thereby suggested the two taxa to be 
synonymous. This view was adopted by Vinarski and Kantor (2016), who listed major in synonymy 
of pallasi, although Issel’s (1865) name has priority. The potential synonymy also involves T. schultzii. 
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Despite the characteristic appearance of the syntypes, the presence of intermediate morphologies 
in samples taken on shores of Azerbaijan and Kazakhstan in 2016 and 2017 (pers. obs. OA, VA, 
FW) indicate a close relationship with T. pallasi. Only, the radulae of these two species differ in the 
relative width of the central and marginal teeth (see Zettler 2007 and compare Anistratenko et al. 
2017).

Unfortunately, the types of T. major, supposed to be in the Museo Regionale di Scienze 
Naturali, Torino, are inaccessible at the moment due to museum renovation (E. Gavetti, pers. 
comm., 10/2018). We refrain from a final conclusion on the synonymy of the species involved until 
information on the types of all taxa as well as published molecular data are available.

For details on the taxonomic relationship between T. pallasi and T. astrachanicus, see discussion 
in Anistratenko et al. (2017).

Conservation status. Data Deficient (Van Damme and Kebapçı, 2014).

Theodoxus schultzii (Grimm, 1877)

*1877 Neritina Schultzii Grimm: 77-78, pl. 7, fig. 5, pl. 8, fig. 16.
1909 Neritina (Ninnia) Schultzei [sic] Grimm. – Andrusov: 106-107, pl. 6, fig. 38.
?1947 Theodoxus (Ninnia) schultzi [sic] var. jukovi Kolesnikov: 106, 110.
1950 Theodoxus (Ninnia) schultzei [sic] (Grimm). – Kolesnikov: 215-216, pl. 26, figs 12-13.
1969 Theodoxus schultzi [sic] (Grimm, 1877). – Logvinenko & Starobogatov: 344, fig. 357.
?1974 Theodoxus zhukovi [sic] Kolesnikov, 1947. – Starobogatov: 255, textfig. 223.
2007 Theodoxus (Theodoxus) schultzii (Grimm, 1877). – Zettler: 249, figs 2-5.
2016 Theodoxus (Theodoxus) schultzii (Grimm, 1877). – Vinarski & Kantor: 157.

Status. Pontocaspian species, status uncertain.
Type locality. Caspian Sea, in two localities, given by Grimm (1877) as 43º17’N, 01º03’E, 

40 fathoms, and 42º48’N, 01º22’E, 48 fathoms. Since the longitude was calculated relative to the 
geographic position of Baku, situated approximately at 50ºE, the correct longitude should be about 
51º00’ E (Vinarski and Kantor 2016).

Distribution. Middle and southern Caspian Sea basins, between 15 and 100 m (Logvinenko 
and Starobogatov, 1969).

Taxonomic notes. See discussion of T. pallasi for notes on the potential synonymy with T. major 
Issel, 1865. The status of T. jukovi still requires confirmation (Vinarski and Kantor, 2016).

Conservation status. Not assessed.

Theodoxus velox V. Anistratenko in O. Anistratenko et al., 1999

*1999 Th.[eodoxus] velox V. Anistratenko in O. Anistratenko et al.: 17-18, figs 4(7).
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Status. Pontocaspian species, name uncertain.
Type locality. Dnieper Delta, Zbur’ivka liman, Ukraine.
Distribution. This species was believed to be restricted to drainage systems of the northern 

Black Sea coast (even though the Oskol River lies far from the Black Sea coast), but unpublished 
molecular data suggest it may be distributed as far north as the eastern part of the Baltic Sea and as 
far south as Anatolia (AFS, unpublished data).

Taxonomic notes. The species was listed as junior synonym of T. fluviatilis by Vinarski 
and Kantor (2016). Theodoxus velox is indeed challenging to differentiate from some regional 
morphotypes of that species given the overlap in shell patterns. Unpublished molecular data 
indicate however that T. velox belongs to a different molecular clade (AFS, unpublished data). The 
distribution range of that clade overlaps with the range of T. sarmaticus (Lindholm, 1901), which is 
widely accepted as a junior synonym of T. fluviatilis in the literature (e.g., Vinarski and Kantor 2016). 
A revision of the taxa involved and study of the type material is required to solve the synonymy 
issues.

Conservation status. Not assessed.

Family Cochliopidae Tryon, 1866

Eupaludestrina stagnorum (Gmelin, 1791)

*1791 Helix stagnorum Gmelin: 3653.
1975 Falsihydrobia streletzkiensis Chukhchin: 121.
2012 Heleobia stagnorum (Gmelin, 1791). – Welter-Schultes: 39, unnumbered textfigures.
2012 Semisalsa stagnorum (Gemlin, 1791). – Kroll et al.: 1520.

Status. Accepted, native Pontocaspian or immigrant species.
Type locality. Kaasjeswater, Zierikzee, the Netherlands.
Distribution. Coastal areas of Europe and the Mediterranean region, extending to North Africa 

and east to Iran (Glöer, 2002). Occurrence in Black Sea according to, e.g., Chukhchin (1975) and in 
the Caspian Sea (TW, unpublished data).

Taxonomic notes. We find the attribution of this species to the genus Eupaludestrina 
unsatisfactory, yet a further revision is required to establish and stabilise the generic attribution. 
There is considerable confusion regarding the generic attribution of this species. It is commonly 
classified in the South American genus Heleobia (e.g., Prié), whereas Kroll et al. (2012) suggested 
that this species belongs to the genus Semisalsa, a group of European Cochliopidae distinct from 
Heleobia. However, Semisalsa is currently listed as junior synonym of Eupaludestrina Mabille, 
1877 (type species: Hydrobia macei Paladilhe, 1867, by subsequent designation by Kadolsky 
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2008). Following Kadolsky (2008), Eupaludestrina is currently ranked as subgenus of Heleobia in 
MolluscaBase (2018a), but both the phylogenetic and geographic distinction of the European and 
American species suggest separation on the genus level.

Remarks. It is unclear whether the species is native to the Pontocaspian area or a recent 
immigrant.

Conservation status. Least Concern (Prié, 2011).

Family Hydrobiidae Stimpson, 1865

Remarks. The Hydrobiidae form the most species-rich mollusc group in the Pontocaspian region. 
However, in general useful shell characters are few and highly variable (Wilke and Delicado, 
2019). Descriptions in the past have often been very general, and illustrations of types are notably 
poor for several of the endemic taxa. A strong tendency of naming large numbers of species has 
developed throughout the 20th century (e.g., Logvinenko and Starobogatov, 1969), but for some 
groups where morphological and genetic analyses could be performed (e.g., Caspiohydrobia spp.) 
it has been demonstrated that actual species numbers were much lower than the number of species 
described (Haase et al., 2010). For many of the endemic species, especially in the genus Turricaspia, 
the apparent loss of types, combined with the lack of living material makes it impossible to assess 
their taxonomic status. Currently, a number of taxonomic works is in progress on the endemic 
Pontocaspian hydrobiid groups. Some different insights on the genus-level classifications exist. Here, 
we adopt a conservative approach, mostly based on Neubauer et al. (2018).

Subfamily Caspiinae Dybowski, 191)

Remarks. The distinction of the genera Caspia, Ulskia, and Clathrocaspia follows Neubauer et al. 
(2018). The three taxa are differentiated based on details of the protoconch and the expression of 
teleoconch sculpture. Caspia s.s. is characterized by a single distinct but fine spiral keel below the 
suture. It is usually smooth, yet within the type species some reticulate ornament can be found. 
Species of Clathrocaspia expose a distinctive, reticulate pattern on the teleoconch and a malleate 
protoconch with faint spiral threads. The aperture of Clathrocaspia often develops a distinct flat 
base. The discinction of the two genera is subject of current research. Ulskia too has a malleate 
protoconch but with more distinct spiral threads; teleoconch sculpture is occasionally present as 
minute elongate nodules.

Caspia baerii Clessin & Dybowski in Dybowski, 1887
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*1887 Caspia Baerii Clessin & Dybowski in Dybowski: 36-37.
1888 [Caspia] Baerii n. sp. – Dybowski: 79, pl. 3, figs 4a-b.
1969 Pyrgula (Caspia) baerii (Cless. et Dyb.). – Logvinenko & Starobogatov: 377, fig. 367(3).
2016 Caspia baerii Clessin et W. Dybowski in W. Dybowski, 1888. – Vinarski & Kantor: 224.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Caspian Sea and possibly Danube Delta (Romania). This species was mentioned 

(as Turricaspia baerii) from depths between 200 and 400 m in the South Caspian basin of Azerbaijan 
(Mirzoev and Alekperov, 2017).

Taxonomic notes. The type material is stored in the von Baer collection of Caspian Sea 
molluscs in the Zoological Museum of Lviv University (Ukraine) and comprises over a hundred 
syntypes (Anistratenko et al., 2018). The slender shell, the presence of a fine spiral keel below the 
suture, and the occasionally weakly reticulated surface distinguish this species from congeners.

Conservation status. Not assessed.

Caspia valkanovi (Golikov & Starobogatov, 1966)

*1966 P.[yrgula] (Caspia) baeri [sic] valkanovi Golikov & Starobogatov: 354-355, fig. 1(9).
2006 Caspia valkanovi (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 88, pl. 41, fig. N.

Status. Pontocaspian species, identity uncertain.
Type locality. Off Crimea, station 18, sample 173.
Distribution. Endemic to the Black Sea basin.
Taxonomic notes. The identity and status of this subfossil taxon, described from phaseoline silt, 

are somewhat uncertain. The holotype illustrated in Kantor and Sysoev (2006) is poorly preserved 
and does not allow a proper assessment of its validity. The general shape and size are indicative of 
the genus Caspia and it looks like a variety and might be a synonym of C. baerii. Furthermore, we 
are not entirely certain as to the stratigraphic age of the stratigraphic origin of this species. The 
phaseoline silt is a marine Holocene unit, yet it contains reworked Late Pleistocene Neoeuxinian 
(Pontocaspian) species (FW, pers. obs.).

Conservation status. Not assessed.

Clathrocaspia brotzkajae (Starobogatov in Anistratenko & Prisjazhnjuk, 1992)

*1992 Caspia (Clathrocaspia) brotzkajae Starobogatov in Anistratenko & Prisjazhnjuk: 18-19, fig. 2a.
2016 Caspia brotzkajae Starobogatov in Anistratenko et Prisjazhnjuk, 1992. – Vinarski & 
 Kantor: 224.
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Status. Accepted Pontocaspian species.
Type locality. Caspian Sea shores of Dagestan, Russia, at about 60 m.
Distribution. Presently endemic to the Caspian Sea. The species was also recorded from the 

Holocene of Danube Delta, Ukraine (Anistratenko and Prisjazhnjuk 1992).
Taxonomic notes. The species differs from its congeners in the bulbous shape, with a ratio of 

body whorl height/shell height of about 3/4, as well as regarding the expanded aperture.
Conservation status. Not assessed.

Clathrocaspia gmelinii (Clessin & Dybowski in Dybowski, 1887)

*1887 Caspia Gmelinii Clessin & Dybowski in Dybowski: 37-38.
1888 [Caspia] Gmelini [sic] n. sp. – Dybowski: 79, pl. 3, figs 7a-b.
1969 Pyrgula (Caspia) gmelinii (Cless. et W. Dyb.). – Logvinenko & Starobogatov: 378, fig. 367(7).
?1969 Pyrgula (Caspia) sowinskyi Logvinenko & Starobogatov: 378, fig. 367(4).
?1977 Pyrgula (Caspia) gaillardi Tadjalli-Pour: 107, pl. 2, fig. 8.
2015 Caspia gmelinii Clessin et W. Dybowski, 1887. – Boeters et al.: 178, figs 1-6.
2016 Caspia gmelinii Clessin et W. Dybowski in W. Dybowski, 1888. – Vinarski & Kantor: 224.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea, recorded from the middle and southern parts. This 

species was mentioned (as Turricaspia gmelinii) from depths between 200 and 300 m in the South 
Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. The broad shell and the heavily reticulated surface distinguish this species 
from congeners. Pyrgula sowinskyi, from the middle and southern Caspian Sea, and P. gaillardi, from 
the Caspian Sea shore between Astara and Hashtpar (= Talesh), Iran, closely resemble C. gmelinii 
in terms of shell shape, the shape of the aperture, and the distinct reticulate teleoconch sculpture. 
Very likely, the two species are synonyms of C. gmelini. Since the type material of Logvinenko and 
Starobogatov (1969) has not be found, and the whereabouts of the material of Tadjalli-Pour (1977) 
is unknown, a re-examination of these species has to be postponed. Here, we suggest to treat them 
as nomina dubia until more information becomes available.

Conservation status. Data Deficient (same for P. sowinskyi; Son, 2011a; Vinarski, 2011a).

Clathrocaspia isseli (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Caspia) isseli Logvinenko & Starobogatov: 378, fig. 367(6).
2016 Pyrgula isseli Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 239.
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Status. Pontocaspian species, identity uncertain.
Type locality. Southern Caspian Sea (no details), between 40-75 m water depth.
Distribution. Endemic to the Caspian Sea.
Taxonomic notes. This species hardly differs from C. pallasii and might be a junior synonym. 

Observations on Holocene material from the southern and northern Caspian Sea shores (VA, TN, 
FW) suggest that the minor differences range within intraspecific variability but further studies 
(preferentially involving DNA) are required to solve the identity of this taxon. The classification in 
Clathrocaspia is based on the reticulate sculpture typical of that genus.

Conservation status. Data Deficient (Vinarski, 2011b).

Clathrocaspia knipowitschii (Makarov, 1938)

*1938 Caspia gmelini [sic] var. Knipowitschii Makarov: 1058.
?1966 P.[yrgula] (Caspia) gmelini [sic] aluschtensis Golikov & Starobogatov: 354, fig. 1(8).
1966 P.[yrgula] (Caspia) makarovi Golikov & Starobogatov: 353-354, fig. 1(5).
?1987 Caspia gmelinii stanislavi Alexenko & Starobogatov: 33, fig. 1.
1992 Caspia (Clathrocaspia) knipowitchi Makarov, 1938. – Anistratenko & Prisjazhnjuk: 19, fig. 2b.
2006 Caspia knipowitchi [sic] Makarov, 1938. – Kantor & Sysoev: 87-88, pl. 41, fig. J.
2006 Caspia makarovi (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 88, pl. 41, fig. L.
2013 Caspia knipowitchii [sic] Makarov, 1938. – Anistratenko: 53-55, figs 1A-I, 3A-D, 5A-D.
2013 Caspia makarovi (Golikov and Starobogatov, 1966). – Anistratenko: 56-59, figs 2A-E, 3E.
2016 Caspia knipowitchi [sic] Makarov, 1938. – Vinarski & Kantor: 224.
2016 Caspia makarovi (Golikov et Starobogatov, 1966). – Vinarski & Kantor: 225.
?2016 Caspia stanislavi Alexenko et Starobogatov, 1987. – Vinarski & Kantor: 225.

Status. Accepted Pontocaspian species.
Type locality. Ukraine, in the Dniester River (exact locality not specified).
Distribution. Azov Sea and northern Black Sea basin. Known from the Holocene of Danube 

Delta, Ukraine (Anistratenko and Prisjazhnjuk 1992).
Taxonomic notes. Clathrocaspia knipowitschii, C. makarovi, C. gmelini aluschtensis, and 

C. stanislavi were all described from the northern margin of the Black Sea. After detailed 
morphological comparison of C. knipowitschii and C. makarovi and preliminary genetic analyses 
(TW, unpublished data), we conclude that both taxa should be considered synonyms. Very likely, 
also C. gmelini aluschtensis and C. stanislavi are synonyms of C. knipowitschii, but a final decision on 
that matter requires investigation of the type material.

Conservation status. Least Concern (same for C. makarovi; (Son, 2011b, 2011c).

Clathrocaspia logvinenkoi (Golikov & Starobogatov, 1966)
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*1966 P.[yrgula] (Caspia) logvinenkoi Golikov & Starobogatov: 354, fig. 1(7).
2006 Caspia logvinenkoi (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 88, pl. 41, fig. I.
2007b Caspia (Clathrocaspia) logvinenkoi (Golikov et Starobogatov, 1966). – Anistratenko: 25-26, 
 fig. 2.
2016 Caspia logvinenkoi (Golikov et Starobogatov, 1966). – Vinarski & Kantor: 224-225.

Status. Accepted Pontocaspian species.
Type locality. Don Delta, Russia.
Distribution. Known only from the type locality.
Taxonomic notes. The species has distinctive shell characters: broad conical shape with a weak 

subsutural bulge and apically thickened peristome.
Remarks. The type material was collected by Mordukhai-Boltovskoi in 1937 and comprises 

two specimens – the holotype and the paratype. Three additional specimens were collected from 
the same region in 2006 (Anistratenko 2007b). The salinity at the type locality fluctuates between 
freshwater and ca. 1 psu.

Conservation status. Not assessed. In the fifty years since the description of this species five 
specimens have been collected; this is likely evidence of its rarity. Being known only from two close 
localities C. logvinenkoi appears to have an extremely narrow distributional range in the Azov-Black 
Sea basin, being endemic to the Taganrog province (e.g., Anistratenko 2007b).

Clathrocaspia milae Boeters, Glöer & Georgiev, 2015

*2015 Caspia milae Boeters, Glöer & Georgiev in Boeters et al.: 180-183, figs 9-21.

Status. Pontocaspian species, identity uncertain.
Type locality. Bulgaria, Danube Island Vardim (43°37’N, 25°28’E)
Distribution. Only known from type locality.
Taxonomic notes. This species closely resembles C. knipowitschii concerning shape, size, 

and sculpture. According to Boeters et al. (2015), the two species differ in the degree of cover of 
the umbilicus, the shape of the peristome and the size and number of whorls of the protoconch. 
Molecular and/or more in-depth morphological and anatomical studies are required to confirm that 
these apparently minor differences are sufficient to separate the species.

Remarks. If the species would be confirmed, it concerns a Pontocaspian species whose 
distribution currently is outside prime Pontocaspian habitat, yet Boeters et al. (2015) implied they 
would expect that several of the Caspia records from the lower Danube and Razim Lake complex 
might be attributed to C. milae as well. The Razim Lake complex is Pontocaspian habitat.

Conservation status. Not assessed.
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Clathrocaspia pallasii (Clessin & Dybowski in Dybowski, 1887)

*1887 Caspia Pallasii Clessin & Dybowski in Dybowski: 37.
1888 Caspia Pallasii n. sp. – Dybowski: 79, pl. 3, figs 3a-b.
1969 Pyrgula (Caspia) pallasii (Cless. et W. Dyb.). – Logvinenko & Starobogatov: 378, fig. 367(5).
2016 Pyrgula pallasii (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor: 241.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea.
Taxonomic notes. This species differs from the other Caspian species C. gmelinii in its very 

slender shape.
Conservation status. Not assessed.

Ulskia behningi (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Ulskia) behningi Logvinenko & Starobogatov: 380, fig. 367(13).
2016 Pyrgula behningi Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 236.

Status. Pontocaspian species, identity uncertain.
Type locality. Western part of the southern Caspian Sea, in the vicinity of the Kura River 

mouth, 39°05’N, 49°48’E, 120 m.
Distribution. Type locality only.
Taxonomic notes. The drawings provided by Logvinenko and Starobogatov (1969) sketch a 

broad and conical shell. As such, it differs from the more elongate and ovoid Ulskia ulskii (Neubauer 
et al., 2018). A revision is required to clarify its taxonomic status.

Conservation status. Data Deficient (Vinarski, 2011c).

?Ulskia derzhavini (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Ulskia) derzhavini Logvinenko & Starobogatov: 379, fig. 367(9).
2016 Pyrgula derzhavini Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 237.

Status. Pontocaspian species, identity uncertain.
Type locality. Middle and southern Caspian Sea, 45-81 m.
Distribution. Type locality only.
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Taxonomic notes. The species differs from U. ulskii and U. behningi in the very slender elongate 
shape and the presence of a subsutural band; this suggests P. derzhavini might be likely a member of 
Caspia s.s. A revision is required to clarify its taxonomic status and generic placement.

Conservation status. Not assessed.

Ulskia ulskii (Clessin & Dybowski in Dybowski, 1887)

*1887 Caspia Ulskii Clessin & Dybowski in Dybowski: 38-39.
1888 [Caspia] Ulskii n. sp. – Dybowski: 79, pl. 3, figs 8a-b.
1969 Pyrgula (Ulskia) nana Logvinenko & Starobogatov: 379-380, fig. 367(12).
1969 Pyrgula (Ulskia) schorygini Logvinenko & Starobogatov: 379, fig. 367(11).
2016 Pyrgula ulskii (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor: 244.
2018 Ulskia ulskii (Clessin & W. Dybowski in W. Dybowski, 1887). – Neubauer et al.: 52-54, 
 figs 5A-K [and synonyms therein].

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Western part of the Caspian Sea. This species was mentioned (as Turricaspia 

ulskii, T. schorgyni and T. nana) from depths between 200 and 400 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. This species was recently studied by Neubauer et al. (2018), who considered 
P. nana and P. schorygini as its junior synonyms.

Conservation status. Not assessed.

Subfamily Hydrobiinae Stimpson, 1865

Remarks. In addition to the taxa discussed below, the following species of Hydrobiinae have 
been mentioned from the Black Sea basin (updated statuses after MolluscaBase 2018a): Hydrobia 
aciculina (Bourguignat, 1876), H. acuta (Draparnaud, 1805), H. euryomphala (Bourguignat, 1876), 
H. mabilli (Bourguignat, 1876) [currently accepted as Peringia mabilli], H. macei Paladilhe, 1867 
[currently accepted as Heleobia macei], H. procerula (Paladilhe, 1869) [currently considered a 
synonym of H. acuta] (Anistratenko et al., 2011). These species were described from the Western 
Mediterranean and their occurrence in the Black Sea region requires re-investigation; partly 
the records might be misidentifications of the species of Ecrobia listed below or Eupaludestrina 
(Cochliopidae) listed above.

Ecrobia grimmi (Clessin in Dybowski, 1887)
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*1887 Hydrobia grimmi Clessin in Dybowski: 55-56.
1888 [Hydrobia] grimmi Clessin. – Dybowski: 79, pl. 3, fig. 2.
2009 Caspiohydrobia grimmi (Clessin et Dybowski, 1888). – Filippov & Riedel: 70-72, 74-76, 
 figs 4a-d.

Status. Accepted native Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Caspian Sea; Aral Sea; salt lakes near Chelyabinsk, Russia (Shishkoedova, 2010); 

Lake Sawa, Iraq (Haase et al., 2010); Arabian (Persian) Gulf (Glöer and Pešić, 2012); possibly also 
northern and central Kazakhstan and Tajikistan (Vinarski and Kantor, 2016), however, no molecular 
data are known to confirm the identity of the Central Asian snails. This species was mentioned (as 
Caspiohydrobia curta and C. gemma) from depths between 200 and 500 m in the South Caspian 
basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. Most of the species that have been assigned to the genus Caspiohydrobia 
Starobogatov, 1970, including its type species, Pyrgohydrobia eichwaldiana Golikov & Starobogatov, 
1966, range within the morphological variability of E. grimmi. Previous examination of some 
Caspiohydrobia juvenile shells (Anistratenko, 2013; Filippov and Riedel, 2009; fig. 4A-C) as well as 
reproductive systems and radula did not find any criteria to support differentiation. Probably, all 
of the thirty Caspiohydrobia species listed by Kantor and Sysoev (2006) and Vinarski and Kantor 
(2016) for the Caspian Sea are morphotypes of a single species. Prelimary genetic analyses of 
Caspiohydrobia spp. from salt lakes near Chelyabinsk, Russia (TW, unpublished data) support this 
assumption.

Conservation status. Data Deficient (Vinarski, 2011d).

Ecrobia maritima (Milaschewitch, 1916)

*1916 Hydrobia maritima Milaschewitch: 60-61, pl. 2, fig. 34.
1973 Hydrobia pontieuxini Radoman: 15-16.
1977 Ventrosia pontieuxini (Radoman, 1973). – Radoman: 210, pl. 21, figs 19-20.
1992 Pseudopaludinella cygnea Anistratenko in Anistratenko & Prisjazhnjuk: 17, fig. 1a.
1992 Pseudopaludinella inflata Anistratenko in Anistratenko & Prisjazhnjuk: 17-18, fig. 1b.
1992 Pseudopaludinella ismailensis Anistratenko in Anistratenko & Prisjazhnjuk: 18, fig. 1c.
2011 Pseudopaludinella pontieuxini (Radoman, 1973). – Anistratenko et al.: 78, pl. 3, fig. 4.
2015 Graecoanatolica yildirimi Glöer & Pešić: 49-50, figs 10-14.

Status. Accepted, Pontocaspian species.
Type locality. Black Sea, at Feodosiya and Adler (Crimea, Ukraine).
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Distribution. Black Sea basin; northern Aegean Sea; Lake Sarikum, Turkey; northern Adriatic 
Sea.

Taxonomic notes. Hydrobia pontieuxini, described from the Black Sea coast in Mangalia, 
Romania, has been considered a synonym of E. maritima based on molecular data (Kevrekidis et 
al., 2005). Herein, we also consider the Pseudopaludinella species introduced by Anistratenko and 
Prisjazhnjuk (1992) as junior synonyms of E. maritima based on morphological similarities. A 
proper revision is still pending.

Conservation status. Not assessed.

Ecrobia ventrosa (Montagu, 1803)

*1803 Turbo ventrosus Montagu: 317, pl. 12, fig. 13.
2012 Ecrobia ventrosa (Montagu 1803). – Kadolsky: 69-70.
2012 Hydrobia ventrosa (Montagu, 1803). – Welter-Schultes: 40, unnumbered textfigures.

Status. Accepted, immigrant species.
Type locality. On the Kent coast (United Kingdom), at Folkstone and Sandwich.
Distribution. Widespread along the coastal zones of northern and western Europe, the 

Mediterranean Sea, the Russia White Sea; introduced into the western Black Sea.
Taxonomic notes. Unpublished genetic data (TW) suggest that most previous records of 

E. ventrosa in the Black Sea are likely misidentifications of E. grimmi. A notable exception is a 
recent, genetically confirmed record from Constanța, Romania (Osikowski et al., 2016). Probably, 
the French species Paludestrina arenarum Bourguignat, 1876, P. leneumicra Bourguignat, 1876, 
P. paludinelliformis Bourguignat, 1876, and Ventrosia cissana Radoman, 1977, which have been 
listed for the Black Sea basin (Anistratenko, 1991; Anistratenko et al., 2011; Anistratenko and 
Prisyazhniuk, 1992), are junior synonyms or misidentifications of this species.

Conservation status. Least Concern (Van Damme, 2011a).

Subfamily Pyrgulinae Brusina, 1882

Remarks. The genus concepts of Pontocaspian Pyrgulinae follow the revision of Neubauer et al. 
(2018). Further change is expected in several of the keeled species here listed under?Turricaspia 
(?T. aenigma,?T. basalis,?T. dimidiata,?T. pseudobacuana, and?T. pseudodimiata) that may be 
grouped in an own genus for which the name Trachycaspia Dybowski & Grochmalicki, 1917 (type 
species: Rissoa dimidiata Eichwald, 1838) is available. However, such a decision will require further 
documentation.
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Clessiniola variabilis (Eichwald, 1838)

*1838 Paludina variabilis Eichwald: 151-152.
1838 Paludina Triton Eichwald: 152.
1874 Bithynia? Eichwaldi Martens: 81.
?1887 Caspia Grimmi Clessin & Dybowski in Dybowski: 39.
?1888 [Caspia] Grimmi n. sp. – Dybowski: 79, pl. 3, figs 5a-b.
1887 Clessinia Martensii Clessin & Dybowski in Dybowski: 43.
1888 Clessinia Martensii n. sp. – Dybowski: 79, pl. 2, fig. 5.
1902a Clessinia ahngeri Westerlund: 45-46.
1966 P.[yrgula] (Clessiniola) pseudotriton Golikov & Starobogatov: 356-357, fig. 2(3).
?1969 Pyrgula (Caspiella) derbentina Logvinenko & Starobogatov: 374, fig. 366(8).
1969 Pyrgula (Caspiella) ovum Logvinenko & Starobogatov: 374, fig. 366(9).
1969 Pyrgula (Caspiella) trivialis Logvinenko & Starobogatov: 374-375, fig. 366(10).
1987 Turricaspia (Clessiniola) variabilis (Eichwald, 1838). – Alexenko & Starobogatov: 34, textfig. 5.
1987 Turricaspia (Clessiniola) triton (Eichwald, 1838). – Alexenko & Starobogatov: 34, textfig. 3.
1987 Turricaspia (Clessiniola) martensii (Clessin & Dybowski in Dybowski, 1888). – Alexenko &  
 Starobogatov: 34, textfig. 4.
1987 Turricaspia (Clessiniola) bogensis (Küster, 1852). – Alexenko & Starobogatov: 34, not figured.
2006 Turricaspia variabilis (Eichwald, 1838). – Kantor & Sysoev: 111, pl. 49, fig. J.
2011 Turricaspia martensii (Clessin et W. Dybowski in W. Dybowski, 1888). – Anistratenko et al.: 86,  
 fig. 3(17).
2011 Turricaspia triton (Eichwald, 1838). – Anistratenko et al.: 85-86, fig. 3(16).
2011 Turricaspia variabilis (Eichwald, 1838). – Anistratenko et al.: 85, fig. 3(15).
2014 Turricaspia variabilis. – Taviani et al.: 4, fig. 3b.
?2016 Turricaspia derbentina (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 247.
2016 Turricaspia martensii (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & 
 Kantor: 248.
2016 Turricaspia ovum (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 248-249.
2016 Turricaspia pseudotriton (Golikov et Starobogatov, 1966). – Vinarski & Kantor: 249.
2016 Turricaspia triton (Eichwald, 1838). – Vinarski & Kantor: 250.
2016 Turricaspia trivialis (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 250-251.
2016 Turricaspia variabilis (Eichwald, 1838). – Vinarski & Kantor: 251.
2018 Clessiniola variabilis (Eichwald, 1838). – Neubauer et al.: 60-63, figs 7A-I.

Status. Accepted Pontocaspian species.
Type locality. At the Volga River mouth near Astrakhan, and towards the Caspian Sea; also in 

recently lithified fossil limestone at the shores of Dagestan, Russia.
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Distribution. Caspian Sea, Azov Sea, and northern Black Sea region. This species was 
mentioned (as Turricaspia variabilis, T. derbentica and T. trivialis) in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. Neubauer et al. (2018) recently demonstrated the high variability of this 
species. Comparison of available illustrations and descriptions of the species listed in the synonymy 
list indicates that all of them range within this species’ variability. Consequently, we consider all of 
them as junior synonyms of C. variabilis. A more in-depth review of the type material of the species 
involved is required to confirm this approach.

The status of Paludina bogensis Dubois in Küster (1852), which was listed as valid species of 
Turricaspia by Anistratenko and Stadnichenko (1995), is still unclear. That species was described 
from the Zapadnyi Bug River in Poland and closely resembles C. variabilis. It is, however, unlikely 
that a Pontocaspian species typical for oligohaline conditions occurs so far away in a pure 
freshwater environment. “Paludina eichwaldi Krynicki, 1837” found in the literature is a nomen 
nudum. Martens (1874) provided measurements and made the name thereby available, but he listed 
Paludina variabilis Eichwald, 1838 in synonymy, which has priority. Dybowski (1887) obviously 
overlooked this and considered Nematurella eichwaldi Krynicki a valid species. We follow Vinarski 
and Kantor (2016) and consider the species as a junior synonym of Clessiniola variabilis.

Conservation status. Least Concern (Cioboiu et al., 2011).

Laevicaspia abichi (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Caspiella) abichi Logvinenko & Starobogatov: 372, fig. 366(3).
2016 Pyrgula abichi Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 235.

Status. Accepted Pontocaspian species.
Type locality. Southern and western parts of the Middle Caspian Sea, 36-120 m.
Distribution. Middle and South Caspian basin. This species was mentioned (as Turricaspia 

abichi) from depths between 200 and 400 m in the South Caspian basin of Azerbaijan (Mirzoev and 
Alekperov, 2017).

Taxonomic notes. The species differs from the L. cincta in its much larger size, the conical 
shape, the narrower subsutural band and the larger aperture (compare Neubauer et al. 2018).

Conservation status. Data Deficient (Vinarski, 2011e).

Laevicaspia caspia (Eichwald, 1838)

*1838 Rissoa caspia Eichwald: 154-155.
non 1888 Micr.[omelania] caspia Eichw. sp. – Dybowski: 78, pl. 1, fig. 1.
?1896 B.[uliminus] (Napaeus?) goebeli Westerlund: 188.
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1915 Micromelania (?) curta Nalivkin: 21-22, 31, pl. 6, figs 1-2 [pars, non figs 3-4, 7, 9-14].
1915 [Micromelania (?) curta] var. plano-convexa Nalivkin: 22, 31, pl. 6, figs 15-18.
non 1915 Micromelania caspia Eichw. – Nalivkin: 22, 31, pl. 6, figs 5-6 [pars, non fig. 8].
non 1917 Micromelania (Turricaspia, Laevicaspia) caspia Eichw. – Dybowski & Grochmalicki: 5-8, 
 36-38, pl. 1, figs 1-3.
non 1969 Pyrgula caspia (Eichw.). – Logvinenko & Starobogatov: 369-370, fig. 364(1).
2006 Turricaspia caspia (Eichwald, 1838). – Kantor & Sysoev: 106, pl. 49, fig. M.
2016 Turricaspia caspia (Eichwald, 1838). – Vinarski & Kantor: 246.
2018 Laevicaspia caspia (Eichwald, 1838). – Neubauer et al.: 63-66, figs 8A-K [and 
 synonyms therein].

Status. Accepted Pontocaspian species.
Type locality. In fossil limestone of Dagestan, Russia.
Distribution. Endemic to the Caspian Sea. This species was mentioned (as Turricaspia caspia 

and T. curta) from depths between 200 and 500 m in the South Caspian basin of Azerbaijan 
(Mirzoev and Alekperov, 2017).

Taxonomic notes. For a detailed discussion about the identity of this species, its synonyms and 
former misidentifications, see Neubauer et al. (2018).

Conservation status. IUCN indicates “Least Concern” (Vinarski, 2012), but the true status of 
this species is highly uncertain.

Laevicaspia cincta (Abich, 1859)

*1859 Rissoa cincta Abich: 57, pl. 2, fig. 6.
?1887 Caspia Orthii Clessin & Dybowski in Dybowski: 40.
?1888 [Caspia] Orthii n. sp. – Dybowski: 79, pl. 3, fig. 6.
1969 Pyrgula (Caspiella) cincta (Abich). – Logvinenko & Starobogatov: 372, fig. 366(4).
2006 Pyrgula cincta (Abich, 1859). – Kantor & Sysoev: 98, pl. 47, fig. L.
2016 Pyrgula cincta (Abich, 1859). – Vinarski & Kantor: 236-237.
2018 Laevicaspia cincta (Abich, 1859). – Neubauer et al.: 66-68, figs 9A-H.

Status. Accepted Pontocaspian species.
Type locality. Gulf of Baku, Azerbaijan.
Distribution. Southern Caspian Sea (Logvinenko and Starobogatov 1969).
Taxonomic notes. For a detailed discussion about the identity of this species and its synonym, 

see Neubauer et al. (2018).
Conservation status. Data Deficient (Vinarski, 2011f).
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Laevicaspia conus (Eichwald, 1838)

*1838 Rissoa Conus Eichwald: 155.
non 1876 Eulima conus, Eichw?. – Grimm: 154-156, pl. 6, fig. 14.
non 2006 Turricaspia conus conus (Eichwald, 1838). – Kantor & Sysoev: 106, pl. 48, fig. J.
2016 Turricaspia conus conus (Eichwald, 1838). – Vinarski & Kantor: 246-247.
2018 Laevicaspia conus (Eichwald, 1838). – Neubauer et al.: 69-71, figs 9I-P [and synonyms therein].

Status. Accepted Pontocaspian species.
Type locality. In fossil limestone of Dagestan, Russia.
Distribution. Endemic to the Caspian Sea (Logvinenko and Starobogatov 1969). This species 

was mentioned (as Turricaspia conus) from depths between 200 and 300 m in the South Caspian 
basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. For a detailed discussion about the identity of this polymorphic species and 
previous misidentifications, see Neubauer et al. (2018).

Conservation status. Data Deficient (Vinarski, 2011g).

?Laevicaspia ebersini (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Oxypyrgula) ebersini Logvinenko & Starobogatov: 368, fig. 363(7).
2016 Pyrgula ebersini Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 238.

Status. Pontocaspian species, identity uncertain.
Type locality. Western part of the middle Caspian Sea, 0-50 m water depth.
Distribution. Type locality only.
Taxonomic notes. We cannot verify the status of this species given the inadequate descriptions 

and illustrations and its general resemblance to other species that were described earlier.
Conservation status. Data Deficient (Vinarski, 2011h).

?Laevicaspia ismailensis (Golikov & Starobogatov, 1966)

*1966 P.[yrgula] ismailensis Golikov & Starobogatov: 358, fig. 2(11).
2006 Turricaspia ismailensis (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 108, pl. 50, fig. A.
2016 Turricaspia ismailensis (Golikov et Starobogatov, 1966). – Vinarski & Kantor: 248.

Status. Accepted Pontocaspian species.
Type locality. Ukraine, Danube Delta, lakes Yalpug and Kugurlui.
Distribution. North-western Black Sea basin (Anistratenko and Stadnichenko 1995).
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Taxonomic notes. Based on the illustration of the holotype in Kantor and Sysoev (2006), we 
tentatively place the species in the genus Laevicaspia. A more detailed study is necessary to clarify its 
systematic position.

Conservation status. Vulnerable (Son and Cioboiu, 2011).

Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & Starobogatov, 1966)

*1966 P.[yrgula] (Caspiella) kolesnikoviana Golikov & Starobogatov: 357-358, fig. 2(8-9).
1969 Pyrgula [(Caspiella)] kolesnikoviana Logv. et Star. – Logvinenko & Starobogatov: 372, 
 fig. 366 (1).
2006 Pyrgula kolesnikoviana Logvinenko et Starobogatov in Golikov et Starobogatov, 1966. – Kantor  
 & Sysoev: 100, pl. 47, fig. N.
2016 Pyrgula kolesnikoviana Logvinenko et Starobogatov in Golikov et Starobogatov, 1966. –   
 Vinarski & Kantor: 239.
2018 Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & Starobogatov, 1966). –  
 Neubauer et al.: 71-73, figs 10A-E, K, N.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea, northward of Apsheron Peninsula, north-westward from Kamni 

Dva Brata Island, 40°47’N, 49°42’E, 30 m water depth.
Distribution. Endemic to the Caspian Sea. This species was mentioned (as Turricaspia 

kolesnikoviana) from depths between 200 and 400 m in the South Caspian basin of Azerbaijan 
(Mirzoev and Alekperov, 2017).

Taxonomic notes. For a detailed discussion about the identity of this species, see Neubauer et 
al. (2018).

Conservation status. Data Deficient (Vinarski, 2011i).

Laevicaspia kowalewskii (Clessin & Dybowski in Dybowski, 1887)

*1887 Caspia Kowalewskii Clessin & Dybowski in Dybowski: 40-41.
1888 [Caspia] Kowalewskii n. sp. – Dybowski: 79, pl. 3, figs 9a-c.
2006 Pyrgula kowalewskii (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev: 100,  
 pl. 47, fig. M.
2016 Pyrgula kowalewskii (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor:  
 239-240.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
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Distribution. Caspian Sea, recorded from southern basin (Logvinenko and Starobogatov, 1969) 
and middle basin (personal observation based on material from Dagestan region, TAN, FW). This 
species was mentioned (as Turricaspia kowalewskii) from depths between 200 and 300 m in the 
South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. This species differs from L. kolesnikoviana in its bigger size, broader shape, 
and thinner peristome. Laevicaspia cincta can be distinguished based on the stouter shape and the 
presence of a narrow subsutural band.

Conservation status. Not assessed.

Laevicaspia lencoranica (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Eurycaspia) lencoranica Logvinenko & Starobogatov: 357, fig. 358(14).
2016 Pyrgula lencoranica Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 240.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea (no details).
Distribution. Caspian Sea (Logvinenko and Starobogatov 1969).
Taxonomic notes. Based on the illustrations provided in Kantor and Sysoev (2006), this species 

differs from L. cincta and L. kowalewskii in the conical shape and large body whorl. A revision is 
required to assure its status as distinct species.

Conservation status. Not assessed.

Laevicaspia lincta (Milaschewitch, 1908)

*1908 Micromelania lincta Milaschewitch: 991.
?1966 P.[yrgula] (Caspiella) azovica Golikov & Starobogatov: 357, fig. 2(7).
?1966 P.[yrgula] (Caspiella) boltovskoji Golikov & Starobogatov: 357, fig. 2(4).
?1966 P.[yrgula] (Caspiella) crimeana Golikov & Starobogatov: 358, fig. 2(10).
?1966 P.[yrgula] (Caspiella) limanica Golikov & Starobogatov: 357, fig. 2(6).
?1966 P.[yrgula] (Caspiella) lindholmiana Golikov & Starobogatov: 357, fig. 2(5).
?1966 P.[yrgula] (Laevicaspia) iljinae Golikov & Starobogatov: 358-359, fig. 2(14).
?1966 P.[yrgula] (Laevicaspia) milachevitchi Golikov & Starobogatov: 359, fig. 2(15).
?1966 P.[yrgula] (Laevicaspia) ostroumovi Golikov & Starobogatov: 358, fig. 2(13).
?1966 P.[yrgula] (Turricaspia) borceana Golikov & Starobogatov: 359, fig. 2(16).
?1966 P.[yrgula] (Turricaspia) nevesskae Golikov & Starobogatov: 359, fig. 2(17).
?1987 Turricaspia abichi phaseolinica Alexenko & Starobogatov: 33.
?1987 Turricaspia (Caspiella) derbentina borysthenica Alexenko & Starobogatov: 34-35, fig. 6.
?1987 Turricaspia (Laevicaspia) grigorievi Alexenko & Starobogatov: 35, fig. 7.
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?1987 Turricaspia (Laevicaspia) meneghiniana ukrainica Alexenko & Starobogatov: 35, fig. 9.
?2006 Euxinipyrgula azovica (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 95, pl. 44, fig. K.
?2006 Euxinipyrgula borysthenica (Alexenko et Starobogatov, 1987). – Kantor & Sysoev: 95, 
 pl. 44, fig. J.
?2006 Euxinipyrgula grigorievi (Alexenko et Starobogatov, 1987). – Kantor & Sysoev: 95, pl. 44, fig. I.
?2006 Euxinipyrgula limanica (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 95, pl. 44, fig. H.
2006 Euxinipyrgula lincta (Milaschewitsch, 1908). – Kantor & Sysoev: 95-96, pl. 45, fig. D.
?2006 Euxinipyrgula milachevitchi (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 96, pl. 45, 
 fig. C.
?2006 Euxinipyrgula ostroumovi (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 96, pl. 45, fig. B.
?2006 Euxinipyrgula ukrainica (Alexenko et Starobogatov, 1987). – Kantor & Sysoev: 95, pl. 45, fig. A.
?2006 Turricaspia boltovskoji (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 105-106, pl. 48, 
 fig. K.
?2006 Turricaspia borceana (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 106, pl. 49, fig. B.
?2006 Turricaspia conus lindholmiana (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 107, 
 pl. 48, fig. L.
?2006 Turricaspia crimeana (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 107, pl. 48, fig. C.
?2006 Turricaspia iljinae (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 108, pl. 49, fig. D.
?2006 Turricaspia nevesskae (Golikov et Starobogatov, 1966). – Kantor & Sysoev: 109, pl. 49, fig. L.

Status. Accepted Pontocaspian species.
Type locality. Kotlabukh Lake, Odessa Region, Ukraine (approximately 45°25’35”N, 

28°59’41”E).
Distribution. Limans and lower reaches of rivers Don, Dnieper, Dniester, and Southern Bug 

entering the northern Black Sea basin and the Azov Sea (Taganrog Bay), as well as in coastal lakes 
Kotlabukh and Yalpug (Vinarski and Kantor 2016). The record of an undescribed subspecies of T. 
boltovskoji from the Caspian Sea mentioned by Anistratenko and Stadnichenko (1995) is probably 
based on a misidentification.

Taxonomic notes. Golikov and Starobogatov (1966) and Alexenko and Starobogatov (1987) 
introduced a plethora of names for morphologically similar species from the northern Black Sea 
basin, partly deriving from subfossil horizons. They differ from Laevicaspia lincta slightly in the 
number of whorls and outline shape, but overall range within its morphological variability. Here, 
we consider them tentatively all junior synonyms of L. lincta. Since Starobogatov’s type material 
is unknown, support for this approach requires collection of new material from the type localities 
of these taxa. Molecular data (Wilke et al., 2007) confirmed the conspecifity of L. lincta and L. 
milachevitchi.

Conservation status. Least Concern (Son, 2011d).
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?Laevicaspia marginata (Westerlund, 1902)

*1902a Nematurella marginata Westerlund: 45.
2013 Pyrgula marginata (Westerlund, 1902). – Vinarski et al.: 85, fig. 2F.
2016 Pyrgula marginata (Westerlund, 1902). – Vinarski & Kantor: 240.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea, “near Krasnojarsk” (Westerlund 1902a). This statement is clearly 

erroneous since Krasnojarsk is situated in Siberia. Most probably, Westerlund meant Krasnovodsk 
(nowadays Turkmenbashi) in Turkmenistan (Vinarski et al., 2013).

Distribution. Endemic to the Caspian Sea. This species was mentioned (as Turricaspia 
marginata) from depths between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev 
and Alekperov, 2017).

Taxonomic notes. The status of this species is uncertain. The illustrations of the type material 
by Vinarski et al. (2013) suggest a tentative placement in the genus Laevicaspia. It shows close 
similarities with L. sieversii (Clessin in Dybowski, 1887). A careful revision of the species is required 
to clarify its taxonomic status and systematic placement.

Conservation status. Not assessed.

Laevicaspia sieversii (Clessin in Dybowski, 1887)

*1887 Nematurella Sieversii Clessin in Dybowski: 45-46.
1888 Nematurella Sieversi [sic] n. sp. – Dybowski: 78, pl. 2, fig. 1.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea.
Taxonomic notes. This species has not been found since its first description, its identity is 

unclear (Vinarski and Kantor, 2016). Judging from the description and drawing in Dybowski (1887), 
we suggest a systematic placement in Laevicaspia. It might be related to L. conus (Eichwald, 1838).

Conservation status. Not assessed.

?Turricaspia aenigma (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Celekenia) aenigma Logvinenko & Starobogatov: 375, fig. 366(12).
2016 Pyrgula aenigma Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 235.

Status. Pontocaspian species, identity uncertain.
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Type locality. Caspian Sea, northward of Apsheron Peninsula, 75 m.
Distribution. Type locality only.
Taxonomic notes. The identity of this species is unclear. The illustrations of the holotype in 

Kantor and Sysoev (2006) show a small shell with four whorls, of which the latter two bear a distinct 
keel. The small size and the relatively large protoconch suggest that the type specimen is a juvenile 
shell. More material (including adult specimens) are required to shed light on this species’ identity.

Conservation status. Not assessed.

Turricaspia andrussowi (Dybowski & Grochmalicki, 1915)

*1915 Micromelania (Turricaspia) andrussowi Dybowski & Grochmalicki: 125-126, pl. 3, figs 31a-b.
?1969 Pyrgula (Oxypyrgula) dubia Logvinenko & Starobogatov: 368, fig. 363(5).
?1969 Pyrgula (Oxypyrgula) turkmenica Logvinenko & Starobogatov: 368, fig. 363(6).
2006 Turricaspia andrussowi (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 104-105, 
 pl. 48, fig. A [pars, excluding synonymy].
2016 Turricaspia andrussowi (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 245
 [pars, excluding synonymy].
2018 Turricaspia andrussowi (B. Dybowski & Grochmalicki, 1915). – Neubauer et al.: 74-76, 
 figs 11A-B.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea. The two tentative synonyms were recorded from 

the western part of the middle Caspian Sea and the eastern part of the southern Caspian Sea, 
respectively. This species was mentioned (as T. turkmenica, T. dubia and T. andrussowi) from depths 
between 200 and 500 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. The species was recently investigated by Neubauer et al. (2018). Pyrgula 
dubia and P. turkmenica are tentatively considered juveniles and thus junior synonyms of this 
species.

Conservation status. Not assessed.

?Turricaspia basalis (Dybowski & Grochmalicki, 1915)

*1915 Micromelania dimidiata var. basalis Dybowski & Grochmalicki: 131, pl. 3, figs 36a-b.
1969 Pyrgula (Trachycaspia) laticarinata Logvinenko & Starobogatov: 359, fig. 359(3).
2006 Pyrgula basalis basalis (B. Dybowski & J. Grochmalicki, 1915). – Kantor & Sysoev: 97, pl. 46,  
 fig. A.
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2006 Pyrgula basalis laticarinata Logvinenko et Starobogatov, 1968. – Kantor & Sysoev: 97, pl. 46, 
 fig. B.
2016 Pyrgula basalis basalis (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 236.
2016 Pyrgula basalis laticarinata Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 236.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea (no details).
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov 1969). This 

species was mentioned (as T. laticarinata) from depths between 200 and 400 m in the South Caspian 
basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. The species is characterized by a massive keel near the lower 
suture.?Turricaspia dimidiata is distinguished based on its more centrally placed keel. This 
distinction is tentative and only based on comparison of available illustrations; we are aware of 
the possibility that these differences might not be diagnostic. Moreover, the keel seems to become 
stronger with increasing water depth (Starobogatov, 1968). Pyrgula laticarinata Logvinenko & 
Starobogatov, 1969, which differs from T. basalis only in the strength of the keels, was considered a 
junior synonym by Neubauer et al. (2018).

Conservation status. Not assessed.

?Turricaspia bogatscheviana (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Oxypyrgula) bogatscheviana Logvinenko & Starobogatov: 367, fig. 363(2).
2016 Turricaspia bogatscheviana (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 245.

Status. Pontocaspian species, identity uncertain.
Type locality. Western part of the Caspian Sea.
Distribution. Type locality only.
Taxonomic notes. The description and drawing of this species provided by Logvinenko and 

Starobogatov (1969) do not allow an evaluation whether it is a distinct species or synonym of a 
previously species.

Conservation status. Not assessed.

Turricaspia chersonica Alexenko & Starobogatov, 1987

*1987 Turricaspia (Oxypyrgula) chersonica Alexenko & Starobogatov: 35-36, fig. 10.
2016 Turricaspia chersonica Alexenko et Starobogatov, 1987. – Vinarski & Kantor: 246.

Status. Pontocaspian species, identity uncertain.
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Type locality. Ukraine, in the Dnieper Delta.
Distribution. Type locality only.
Taxonomic notes. The status of this species is highly uncertain. The slender conical shell 

illustrated by Alexenko and Starobogatov (1987) suggest classification in the genus Turricaspia, 
which is otherwise only known from the Caspian Sea.

Conservation status. Data Deficient (Son, 2011e).

Turricaspia columna (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Oxypyrgula) columna Logvinenko & Starobogatov: 368, fig. 363(8).
2016 Pyrgula columna Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 237.

Status. Pontocaspian species, identity uncertain.
Type locality. Western part of the southern Caspian Sea.
Distribution. Type locality only.
Taxonomic notes. The species has not been found since its first description, and the 

whereabouts of the type material is unknown. Logvinenko and Starobogatov (1969) illustrate a 
small slender shell with convex whorls. It might well be a juvenile of another species.

Conservation status. Not assessed.

Turricaspia concinna (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) concinna Logvinenko & Starobogatov: 365, fig. 362(3).
2016 Pyrgula concinna Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 237.

Status. Pontocaspian species, identity uncertain.
Type locality. Middle Caspian Sea, 25-80 m.
Distribution. Type locality only.
Taxonomic notes. The illustrations provided by Logvinenko and Starobogatov (1969) indicate a 

large conical shell with nine convex whorls and a large, slightly inflated last whorl. These features are 
reminiscent of T. meneghiniana (Issel, 1865). However, T. concinna has not been found since its first 
description. The type material has been very recently detected in the collections of ZIN and awaits 
further study.

Conservation status. Not assessed.

Turricaspia dagestanica (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) dagestanica Logvinenko & Starobogatov: 361, fig. 360(3).
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2016 Turricaspia dagestanica (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 247.

Status. Pontocaspian species, identity uncertain.
Type locality. Western shore of the middle Caspian Sea.
Distribution. Middle and south basin of Caspian Sea. This species was mentioned from depths 

between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The status of this species is highly uncertain. The illustrations of Logvinenko 

and Starobogatov (1969) show a slightly distorted shell with weakly convex whorls and a thin 
line below the suture. We are uncertain whether it might concern a growth aberration of a more 
common species.

Conservation status. Data Deficient (Vinarski, 2011j).

Turricaspia dimidiata (Eichwald, 1838)

*1838 Rissoa dimidiata Eichwald: 156.
?1947 Turricaspia bakuana Kolesnikov: 108, 112.
2006 Pyrgula dimidiata (Eichwald, 1838). – Kantor & Sysoev: 99, pl. 46, fig. K.
?2006 Pyrgula bakuana (Kolesnikov, 1947). – Kantor & Sysoev: 97, pl. 47, fig. C.
2016 Pyrgula dimidiata (Eichwald, 1838). – Vinarski & Kantor: 238.
2016 Pyrgula bakuana (Kolesnikov, 1947). – Vinarski & Kantor: 236-237.

Status. Accepted Pontocaspian species.
Type locality. In fossil limestone of Dagestan, Russia.
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov 1969). 

This species was mentioned from depths between 200 and 500 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. Although there is little doubt about the validity of this species, its true 
identity and possible synonyms are unclear. Eichwald’s (1838) description clearly indicates a 
slender shell with median keel. His type material is unfortunately unknown. The high number of 
keeled species complicates an evaluation what is the “true” T. dimidiata and what are synonyms. We 
tentatively consider Turricaspia bakuana Kolesnikov, 1947 a junior synonym of this species, based 
on its slender shell with median keel matching Eichwald’s description as well as the prevailing 
concept of T. dimidiata (compare Kantor and Sysoev 2006). More data are required to support this 
view.

Conservation status. Not assessed.

Turricaspia eburnea (Logvinenko & Starobogatov, 1969)
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*1969 Pyrgula (Laevicaspia) eburnea Logvinenko & Starobogatov: 370, fig. 365(1).
2016 Turricaspia eburnea (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 247.

Status. Pontocaspian species, identity uncertain.
Type locality. Eastern part of the southern Caspian Sea.
Distribution. South Caspian basin. This species was mentioned from depths between 200 and 

500 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The identity of this species is unclear. Its shell resembles T. lyrata (Dybowski 

& Grochmalicki, 1915) in terms of general shape and the large, flat protoconch; it differs from that 
species in the large size. The type material has been very recently found in the collection of ZIN and 
awaits further study. Until then, we refrain from a final decision on the species’ status, but we have 
severe doubt that Pyrgula eburnea is a distinct species.

Conservation status. Not assessed.

Turricaspia elegantula (Clessin & Dybowski in Dybowski, 1887)

*1887 Micromelania elegantula Clessin & Dybowski in Dybowski: 33.
1888 [Micromelania] elegantula n. sp. – Dybowski: 78, pl. 1, figs 7a-c.
2016 Turricaspia elegantula (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor:  
 247-248.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea. This species was mentioned from depths between 

200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. There is considerable confusion about the identity of this species. Dybowski 

(1887) described and illustrated a very slender shell with a distinct whorl profile showing a 
straight-sided upper half and a convex lower half. In contrast, the illustrations in Logvinenko and 
Starobogatov (1969) suggest a similarly slender yet distorted shell with near almost sided whorls 
and expanded aperture. A restudy of the type material of T. elegantula show close similarities to T. 
spica. It differs from that species in the slenderer outline and flattened whorls.

Conservation status. Not assessed.

Turricaspia eulimellula (Dybowski & Grochmalicki, 1915)

*1915 Micromelania (Turricaspia) eulimellula Dybowski & Grochmalicki: 123-125, pl. 3, figs 27a-b.
2006 Pyrgula eulimellula (B. Dybowski et J. Grochmalicki, 1915). – Kantor & Sysoev: 99-100, pl. 46,  
 fig. L.
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2016 Pyrgula eulimellula (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 238-239.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Middle Caspian Sea basin (Logvinenko and Starobogatov 1969). This species was 

mentioned from depths between 200 and 400 m in the South Caspian basin of Azerbaijan (Mirzoev 
and Alekperov, 2017).

Taxonomic notes. The near straight-sided, strongly attached whorls easily distinguish this 
species from most other Turricaspia species. Only Turricaspia grimmi (Clessin & Dybowski in 
Dybowski, 1887) has a similar whorl arrangement, but its shell is slightly wider and the whorls are 
weakly stepped and bear a thin subsutural band.

Conservation status. Not assessed.

Turricaspia fedorovi (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) fedorovi Logvinenko & Starobogatov: 362, fig. 360(2).
2016 Pyrgula fedorovi Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 239.

Status. Pontocaspian species, identity uncertain.
Type locality. Western part of the middle Caspian Sea, 80 m.
Distribution. Middle and South Caspian basin. This species was mentioned from depths 

between 200 and 400 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The slender elongate shell with whorls slowly increasing in height distinguish 

this species from its congeners. However, a proper assessment of the species’ status requires 
investigation. The whereabouts of the type material is unknown and no other records of this species 
are known. Currently, we are not able to verify the status of this species.

Conservation status. Not assessed.

Turricaspia grimmi (Clessin & Dybowski in Dybowski, 1887)

*1887 Micromelania Grimmi Clessin & Dybowski in Dybowski: 27-29.
1888 [Micromelania] Grimmi n. sp. – Dybowski: 78, pl. 1, figs 2a-c.
2006 Pyrgula grimmi (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev: 100, pl. 46,  
 fig. L.
2016 Pyrgula grimmi (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor: 239.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
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Distribution. Southern Caspian Sea basin (Logvinenko and Starobogatov, 1969). This species 
was mentioned from depths between 200 and 300 m in the South Caspian basin of Azerbaijan 
(Mirzoev and Alekperov, 2017).

Taxonomic notes. The peculiar morphology with straight-sided, weakly stepped whorls with 
a thin subsutural band is unique among Caspian Pyrgulinae. See above for a comparison with T. 
eulimellula.

Conservation status. Data Deficient (Vinarski, 2011k).

Turricaspia lyrata (Dybowski & Grochmalicki, 1915)

*1915 Micromelania (Turricaspia) spica var. lyrata Dybowski & Grochmalicki: 117, pl. 2, fig. 18.
2006 Pyrgula lirata [sic] (B. Dybowski et J. Grochmalicki, 1915). – Kantor & Sysoev: 101, pl. 46, 
 fig. E.
2016 Pyrgula lirata [sic] (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 240.
2018 Turricaspia lyrata (B. Dybowski & Grochmalicki, 1915). – Neubauer et al.: 77-79, figs 12A-K  
 [and synonyms therein].

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea (after Logvinenko and Starobogatov 1969); it occurs 

in the western part of the middle and southern Caspian Sea basins, but these authors used a slightly 
different concept of the species. This species was mentioned (as Turricaspia lirata) from depths 
between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. See Neubauer et al. (2018) for a detailed discussion of the species and its 
synonyms.

Conservation status. Not assessed.

Turricaspia marisnigri Starobogatov in Alexenko & Starobogatov, 1987

*1987 Turricaspia lirata marisnigri Starobogatov in Alexenko & Starobogatov: 33.

Status. Pontocaspian species, identity uncertain.
Type locality. “Meotida” station 24, sample 229, near the coast of Crimea, in phaseoline silt 

(Holocene).
Distribution. Type locality only.
Taxonomic notes. The species can be distinguished based on its extremely slender shell with 

whorls slowly increasing. Still, clarification of its identity as well as its genus classification requires 
investigation of material.
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Conservation status. So far only known from Holocene deposits of the type locality; species 
might be extinct. Within Holocene deposits in the Black Sea small amounts of reworked Late 
Pleistocene “Neoeuxinian” faunas are found (FW, pers. obs.), and therefore the stratigraphic origin 
of such Pontocaspian species is uncertain.

Turricaspia meneghiniana (Issel, 1865)

*1865 Bythinia Meneghiniana Issel: 21, pl. 1, figs 12-13.
1902a Micromelania subulata Westerlund: 47.
?1969 Pyrgula caspia (Eichw). – Logvinenko & Starobogatov: 369-370, fig. 364(1) [non Rissoa caspia  
 Eichwald, 1838].
non 1987 T.[urricaspia] meneghiniana meneghiniana (Iss.). – Alexenko & Starobogatov: 35, fig. 8.
2006 Turricaspia meneghiniana (Issel, 1865). – Kantor & Sysoev: 109, pl. 49, fig. E.
2016 Turricaspia meneghiniana (Issel, 1865). – Vinarski & Kantor: 248.
2018 Turricaspia meneghiniana (Issel, 1865). – Neubauer et al.: 79-81, figs 13A-K [and synonyms  
 therein].

Status. Accepted Pontocaspian species.
Type locality. Baku, Azerbaijan; (sub?)fossil.
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov, 1969).
Taxonomic notes. The species was recently discussed in detail by Neubauer et al. (2018), who 

discussed also previous misidentifications.
Conservation status. Not assessed.

Turricaspia nossovi Kolesnikov, 1947

*1947 Turricaspia nossovi Kolesnikov: 108, 111.
2006 Pyrgula nossovi (Kolesnikov, 1947). – Kantor & Sysoev: 101, pl. 45, fig. G.
2016 Pyrgula nossovi (Kolesnikov, 1947). – Vinarski & Kantor: 241.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Southern Caspian Sea (Logvinenko and Starobogatov 1969). This species was 

mentioned from depths between 200 and 500 m in the South Caspian basin of Azerbaijan (Mirzoev 
and Alekperov, 2017).

Taxonomic notes. The very slender shape and the characteristic, highly convex whorls that 
slowly and regularly increase in height distinguish the species from most congeners. Pyrgula 
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vinogradovi Logvinenko & Starobogatov, 1969 and P. astrachanica Pirogov, 1971, which show very 
similar traits, might be junior synonyms. A more in-depth study is required to solve their statuses.

Conservation status. Data Deficient (Vinarski, 2011l).

?Turricaspia obventicia (Anistratenko in Anistratenko & Prisjazhnjuk, 1992)

*1992 Caspia (Clathrocaspia) obventicia Anistratenko in Anistratenko & Prisjazhnjuk: 19-20, fig. 2b.

Status. Uncertain Pontocaspian species.
Type locality. Well 37 near Kiliya, Izmail district, Odessa region, Ukraine (from Holocene 

sediments).
Distribution. Type locality only.
Taxonomic notes. This species was originally attributed to the genus Caspia due to its small 

shell. A restudy of the holotype of this species, specifically its protoconch characteristics, suggest 
placement in the genus Turricaspia. Further studies are required to assure its validity.

Remarks. The species is known only from the holotype. The occurrence of Turricaspia in the 
Black Sea basin is unusual, as almost all other pyrguline Black Sea basin species (but see remark at T. 
spica for another unusual occurrence) are assigned to the genus Laevicaspia.

Conservation status. So far only known from Holocene deposits of the type locality; species 
might be extinct.

?Turricaspia pseudobacuana (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Eurycaspia) pseudobacuana Logvinenko & Starobogatov: 358, fig. 358(16).
2016 Pyrgula pseudobacuana Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 241.

Status. Pontocaspian species, probably junior synonym.
Type locality. Southern Caspian Sea, 50-80 m.
Distribution. South Caspian basin. This species was mentioned from depths between 200 and 

300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The slender shell with a keel near the lower suture is reminiscent of T. basalis 

(Dybowski & Grochmalicki, 1915). The short description and unspecified drawing precluded the 
verification of its status. The type material has been very recently detected in the collection of ZIN 
and awaits further study.

Conservation status. Not assessed.

?Turricaspia pseudodimidiata (Dybowski & Grochmalicki, 1915)
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*1915 Micromelania (Turricaspia) pseudodimidiata Dybowski & Grochmalicki: 126-128, pl. 3, 
 figs 32a-b.
?1969 Pyrgula (Eurycaspia) pseudodimidiata (Dyb. et Gr.). – Logvinenko & Starobogatov: 357, 
 fig. 358(15).
?2006 Pyrgula pseudodimidiata (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 102, pl. 47,  
 fig. G.
2016 Pyrgula pseudodimidiata (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 241.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea (no details).
Distribution. Southern Caspian Sea (Logvinenko and Starobogatov, 1969). This species was 

mentioned from depths between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev 
and Alekperov, 2017).

Taxonomic notes. The identity of this species is uncertain. Dybowski and Grochmalicki (1915) 
describe and illustrate a shell with eight convex whorls bearing a weak, hardly protruding, irregular 
shaped keel near the lower suture. According to these authors, the keel varies considerably between 
a thin thread, a blunt bulge or a weak thickening at the suture. In contrast, the drawings provided by 
Logvinenko and Starobogatov (1969) and reproduced by Kantor and Sysoev (2006) suggest a shell 
with straight-sided whorls and a distinct keel. Inspection of the type material is required to clarify 
the status of this species.

Conservation status. Not assessed.

Turricaspia pseudospica (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Oxypyrgula) pseudospica Logvinenko & Starobogatov: 366, fig. 363(1).
2016 Pyrgula pseudospica Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 241-242.

Status. Pontocaspian species, identity uncertain.
Type locality. Middle and southern Caspian Sea, 15-75 m.
Distribution. Type locality only.
Taxonomic notes. The identity of this species is unclear. Judging from the drawing by 

Logvinenko and Starobogatov (1969), showing a small slender shell with about 6.5 convex whorls, 
the species might be based on a juvenile specimen. Moreover, it could be a junior synonym of the 
similarly shaped T. spica (Eichwald, 1855).

Conservation status. Not assessed.

Turricaspia pulla (Dybowski & Grochmalicki, 1915)
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*1915 Micromelania (Turricaspia) caspia var. pulla Dybowski & Grochmalicki: 111, pl. 1, fig. 6a.
1969 Pyrgula [(Turricaspia)] pulla (Dyb. et Gr.). – Logvinenko & Starobogatov: 361-362, fig. 360 (8).
2006 Pyrgula pulla (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 102, pl. 46, fig. C.
2016 Pyrgula pulla (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 242.
2018 Turricaspia pulla (B. Dybowski & Grochmalicki, 1915). – Neubauer et al.: 81-82, figs 14A-J.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea, reported from the middle and southern Caspian Sea 

basins (Logvinenko and Starobogatov, 1969). This species was mentioned from depths between 200 
and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. The species can be easily distinguished from other Turricaspia species based 
on its relatively broad shell, the low-convex whorls, and its small size (Neubauer et al., 2018).

Conservation status. Data Deficient (Vinarski, 2011m).

Turricaspia pullula (Dybowski & Grochmalicki, 1915)

*1915 Micromelania (Turricaspia) caspia var. pullula Dybowski & Grochmalicki: 111-112, pl. 1, fig. 7.
1969 Pyrgula [(Turricaspia)] pullula (Dyb. et Gr.). – Logvinenko & Starobogatov: 366-367, 
 fig. 363 (3).
2006 Turricaspia pullula (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 109, pl. 50, fig. B.
2016 Turricaspia pullula (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 249.
2018 Turricaspia pullula (B. Dybowski & Grochmalicki, 1915). – Neubauer et al.: 82-84, figs 14K-L.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Endemic to the Caspian Sea, reported from the western part of the middle 

Caspian Sea (Logvinenko & Starobogatov 1969).
Taxonomic notes. The very characteristic tripartite whorl profile allows an easy identification 

and discrimination from other Pontocaspian Pyrgulinae (Neubauer et al., 2018).
Conservation status. Data Deficient (Vinarski, 2011n).

Turricaspia rudis (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) rudis Logvinenko & Starobogatov: 362, fig. 360(5).
2016 Pyrgula rudis Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 242.

Status. Pontocaspian species, identity uncertain.
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Type locality. Middle and southern Caspian Sea, 50-100 m.
Distribution. Type locality only.
Taxonomic notes. The status of this species is unclear. The drawing provided by Logvinenko 

and Starobogatov (1969) shows strong similarities to T. grimmi in terms of the near straight-sided 
whorls and the large aperture. Since the whereabouts of the type material is unknown, we refrain 
from a final conclusion on the potential synonymy.

Conservation status. Data Deficient (Vinarski, 2011o).
 
Turricaspia sajenkovae (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) sajenkovae Logvinenko & Starobogatov: 361, fig. 360(4).
2016 Turricaspia sajenkovae (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 249-250.

Status. Pontocaspian species, identity uncertain.
Type locality. Middle Caspian Sea.
Distribution. Type locality only.
Taxonomic notes. The available drawing of this species suggests a very slender shell with highly 

convex whorls bearing a subsutural band. The type material has not been found, and the identity of 
this species remains unclear.

Conservation status. Data Deficient (Vinarski, 2011p).

Turricaspia similis (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Caspiella) similis Logvinenko & Starobogatov: 375, fig. 366(11).
2016 Pyrgula similis Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 243.

Status. Pontocaspian species, identity uncertain.
Type locality. Eastern part of the middle Caspian Sea, 20-50 m.
Distribution. Middle and southern Caspian basin. This species was mentioned from depths 

between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. Judging from the drawing in Logvinenko and Starobogatov (1969), 

presenting a small slender shell with about 5.5 highly convex whorls, the species might be based on 
a juvenile specimen. It might be a junior synonym of the similarly shaped T. meneghiniana (Issel, 
1865). Without investigating the type material, which has not been found in the ZIN collection, the 
identity of this species remains unclear.

Conservation status. Not assessed.

Turricaspia simplex (Logvinenko & Starobogatov, 1969)
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*1969 Pyrgula (Oxypyrgula) simplex Logvinenko & Starobogatov: 367-368, fig. 363(4).
2016 Pyrgula simplex Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 243.

Status. Pontocaspian species, identity uncertain.
Type locality. Middle Caspian Sea, 40-120 m.
Distribution. Middle and southern Caspian Sea. This species was mentioned from depths 

between 200 and 900 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. As for the previous species, it is highly uncertain whether this taxon is a 

distinct species. It might also be based on a juvenile and could be a synonym of an earlier described 
species, perhaps T. pulla or T. lyrata.

Conservation status. Not assessed.

Turricaspia spasskii (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) spasskii Logvinenko & Starobogatov: 361, fig. 360(7).
2016 Turricaspia spasskii (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 250.

Status. Accepted Pontocaspian species.
Type locality. Western part of the middle Caspian Sea.
Distribution. Middle and southern Caspian Sea. This species was mentioned from depths 

between 200 and 300 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The fast growing whorls terminating in a large body whorl with expanded 

aperture are characteristic for this species and facilitate discrimination from other Turricaspia 
species.

Conservation status. Data Deficient (Vinarski, 2011q).

Turricaspia spica (Eichwald, 1855)

*1855 Paludina spica Eichwald: 303-304, pl. 10, figs 8-9.
?1992 Turricaspia spica (Eichw.). – Anistratenko & Prisjazhnjuk: 18, fig. 2d.
2006 Turricaspia spica (Eichwald, 1855). – Kantor & Sysoev: 110, pl. 49, fig. F.
2009 Turricaspia cf. spica (Eichwald, 1855). – Filippov & Riedel: 70, 72, 74, 76, figs 4e-f.
2016 Turricaspia spica (Eichwald, 1855). – Vinarski & Kantor: 250.

Status. Accepted Pontocaspian species.
Type locality. Ostrov Chechen’ (island in NW Caspian Sea), Dagestan, Russia.
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Distribution. Endemic to the Caspian Sea. Occurred also in the Aral Sea during the Holocene 
(Filippov and Riedel 2009) but now extinct there. It has been reported from the Holocene of 
Danube Delta (Anistratenko and Prisjazhnjuk 1992) (see below).

Taxonomic notes. As the oldest described species presently attributed to Turricaspia, the 
validity of this species is without doubt. Its identity, however, is poorly known, given the limited 
information and poor drawing provided by Eichwald (1855), as well as the largely diverging 
concepts applied by later authors (see Neubauer et al. (2018) for a detailed discussion of the matter). 
We have furthermore a geographic record (Anistratenko and Prisjazhnjuk 1992) that is outside the 
Caspian-Aral distribution range of this genus. Comparison of the Danube material with Caspian 
specimens suggests the identification might be correct, yet further detail study is required to assess 
whether the Danube record might actucally not be an unusual form of Laevicaspia lincta.

Conservation status. Not assessed.

Turricaspia turricula (Clessin & Dybowski in Dybowski, 1887)

*1887 Micromelania turricula Clessin & Dybowski in Dybowski: 34.
1888 [Micromelania] turricula n. sp. – Dybowski: 78, pl. 1, figs 3a-c.
2006 Turricaspia turricula (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev: 111,  
 pl. 49, fig. I.
2016 Turricaspia turricula (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & 
 Kantor: 244.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Middle and southern Caspian Sea. This species was mentioned from depths 

between 200 and 500 m in the South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).
Taxonomic notes. The species is characterised by a slender conical shell with weakly convex 

whorls with weak subsutural swelling and a slightly inflated body whorl with large aperture.
Conservation status. Not assessed.

Turricaspia uralensis (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Turricaspia) uralensis Logvinenko & Starobogatov: 359, fig. 360(1).
2016 Pyrgula uralensis Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 244.

Status. Pontocaspian species, identity uncertain.
Type locality. Eastern part of the northern Caspian Sea.
Distribution. Type locality only.
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Taxonomic notes. Logvinenko and Starobogatov (1969) illustrated a comparably small shell 
with eight highly convex whorls, large body whorl, and large aperture. Reliable assessment of the 
species’ status requires investigation of the type material, which has only been discovered in ZIN in 
June 2018 and awaits further study.

Conservation status. Not assessed.

Turricaspia vinogradovi (Logvinenko & Starobogatov, 1969)

*1969 Pyrgula (Oxypyrgula) vinogradovi Logvinenko & Starobogatov: 368, fig. 363(9).
?1971 Pyrgula astrachanica Pirogov: 249-251, fig. 1.
?2006 Turricaspia astrachanica (Pirogov, 1971). – Kantor & Sysoev: 105, pl. 48, fig. B.
2006 Turricaspia vinogradovi (Logvinenko et Starobogatov, 1968). – Kantor & Sysoev: 111, pl. 50, 
 fig. C.
2016 Turricaspia vinogradovi (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 251.

Status. Pontocaspian species, identity uncertain.
Type locality. Northern Caspian Sea.
Distribution. Northern Caspian Sea and Volga Delta (Logvinenko and Starobogatov, 1969).
Taxonomic notes. The species as illustrated by Logvinenko and Starobogatov (1969) is based on 

a slender shell with highly convex whorls. The same traits are also typical for Pyrgula astrachanica. 
In fact, the type of T. vinogradovi could be a juvenile of that species. Moreover, both of them might 
be synonyms of Turricaspia nossovi Kolesnikov, 1947. Since a part of the type material of the species 
involved is lacking and some of the taxa are based on incomplete or presumably juvenile specimens, 
the identities of Pyrgula astrachanica and Turricaspia vinogradovi remain unresolved.

Conservation status. Turricaspia vinogradovi has not been assessed by the IUCN, T. 
astrachanica is marked as “Data Deficient” (Vinarski, 2011r).

Hydrobiidae incertae sedis

Abeskunus brusinianus (Clessin & Dybowski in Dybowski, 1887)

*1887 Zagrabica Brusiniana Clessin & Dybowski in Dybowski: 52-53.
1888 Zagrabica Brusiniana n. sp. – Dybowski: 79, pl. 2, fig. 7.
2006 Pseudamnicola brusiniana (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev:  
 114, pl. 51, fig. J.
2016 Pseudamnicola brusiniana (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski &   
 Kantor: 222.
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2018 Abeskunus brusinianus (Clessin & W. Dybowski in W. Dybowski, 1887). – Neubauer et al.:   
 87-88, figs 16A-I.
Status. Accepted Pontocaspian species.

Type locality. Caspian Sea (no details).
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov 1969, Parr et al. 

2007). Mirzoev and Alekperov (2017) mention Pseudamnicola brusinianus from depths between 200 
and 400 m in the South Caspian basin of Azerbaijan but we are not entirely certain whether these 
records might include other Abeskunus species as well.

Taxonomic notes. For a detailed description and discussion, see Neubauer et al. (2018).
Conservation status. Least Concern (Vinarski, 2011s).

Abeskunus depressispira (Logvinenko & Starobogatov, 1969)

*1969 Pseudamnicola (Abeskunus) depressispira Logvinenko & Starobogatov: 381, fig. 367(14).
2016 Pseudamnicola depressispira Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 222-223.

Status. Accepted Pontocaspian species.
Type locality. Western part of the southern Caspian Sea, northward of Kuraginsky Kamen’ [= 

Kür Daşı] Island (approximately 39°01’05”N, 49°20’02”E), 81 m water depth.
Distribution. In addition to the type locality, specimens have been found in Holocene material 

retrieved near the Kura Delta, a few kilometers north of the type locality.
Taxonomic notes. Current investigations on recently collected Holocene material from the 

south-western Caspian Sea confirm that this species belongs to the genus Abeskunus. The finely 
ribbed, low trochiform shell facilitates distinction from its congeners. The species epithet is based on 
the Latin noun “spira”, spire, and is to be considered a noun in apposition (ICZN 1999, Art. 31.2.1.).

Conservation status. Data Deficient (Vinarski, 2011t).

Abeskunus exiguus (Eichwald, 1838)

o1837 Lithoclypus [sic] Caspius m. – Krynicki: 58 (nomen nudum).
*1838 Paludina exigua Eichwald: 152-153.
1863 Bithinia sphaerion Mousson: 409-410.
1874 Lithoglyphus? Caspius Krynicki. – Martens: 80.
1877 Lithoglyphus caspius Grimm: 82-84, pl. 9, fig. 8.
1977 Pseudamnicola (Abeskunus) brusiniana michelae Tadjalli-Pour: 108, pl. 2, fig. 9.
2016 Pseudamnicola exigua (Eichwald, 1838). – Vinarski & Kantor: 223.
2016 Pseudamnicola sphaerion (Mousson, 1863). – Vinarski & Kantor: 223.
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Status. Accepted Pontocaspian species.
Type locality. In fossil (likely Pleistocene) limestone of Dagestan, Russia.
Distribution. Western Caspian Sea, known from northern and southern parts. Records from 

the eastern Caspian Sea by Logvinenko and Starobogatov (1969) could not be confirmed.
Taxonomic notes. An in-depth study of the literature suggests that the names Paludina exigua, 

Bithinia sphaerion, and Lithoglyphus caspius all refer to the same species. The name Lithoglyphus 
caspius was made available by Martens (1874) by referring to the description and illustration of 
Eichwald’s species, rendering L. caspius a junior objective synonym of Abeskunus exiguus. All 
three taxa share the globular shape, the short spire, and the inflated last whorl. The subspecies 
Pseudamnicola brusiniana michelae from Iranian coasts of the Caspian Sea closely resembles A. 
exiguus and is herein considered a synonym as well. Abeskunus exiguus differs from A. brusinianus 
in the highly globular shell with small spire. A revision of the species is currently being prepared.

Conservation status. Not assessed.

Andrusovia andrusovi Starobogatov, 2000

*2000 Andrusovia andrusovi Starobogatov: 39-41, fig. 1B.
2016 Andrusovia andrusovi Starobogatov, 2000. – Vinarski & Kantor: 214.

Status. Pontocaspian species, identity uncertain.
Type locality. Eastern part of the South Caspian Sea (39°05’ N, 52°35’ E).
Distribution. Middle and southern Caspian Sea (Starobogatov, 2000).
Taxonomic notes. The species is very similar to the type species of Andrusovia, A. dybowskii, 

regarding the low spire. Investigation of the type material is required to clarify whether both taxa 
are distinct.

Remarks. Only recently, paratypes of this species were detected at the Zoological Museum of 
Moscow University. A study of the taxonomy of Andrusovia is currently under way.

Conservation status. Not assessed.

Andrusovia brusinai Starobogatov, 2000

*2000 Andrusovia brusinai Starobogatov: 41, fig. 1C.
2016 Andrusovia brusinai Starobogatov, 2000. – Vinarski & Kantor: 214.
2018 Andrusovia brusinaiStarobogatov, 2000. – Neubauer et al.: 54-56, figs 6F-K, M-N.

Status. Pontocaspian species, identity uncertain.
Type locality. Eastern part of the middle Caspian Sea (42°42.5’ N, 51°32.5’ E), at 80 m water 

depth.
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Distribution. Northern, middle, and southern Caspian Sea (Starobogatov 2000, Neubauer et al. 
2018).

Taxonomic notes. The species was recently described in detail by Neubauer et al. (2018). The 
species was distinguished from A. dybowskii and A. andrusovi by the higher spire, but it is a variable 
character. Currently, the taxonomy of Andrusovia species is subject of further study.

Remarks. Starobogatov (2000) mentioned that the type material is housed in the ZIN collection, 
but we were unable to find the holotype and it is supposedly lost. Only recently, paratypes of this 
species were detected at the Zoological Museum of Moscow University and are currently being 
studied.

Conservation status. Not assessed.

Andrusovia dybowskii Brusina in Westerlund, 1902b

*1902b Andrusovia Dybowskii Westerlund: 133.
? 2000 Andrusovia dybowskii Brusina in Westerlund, 1903. – Starobogatov: 39, fig. 1A.
2016 Andrusovia dybowskii Brusina in Westerlund, 1903. – Vinarski & Kantor: 214.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Middle and southern Caspian Sea (Starobogatov, 2000).
Taxonomic notes. Apparently, Brusina considered both the more conical and flatter shells 

(“conoidea vel discoidea”) to belong to a single species. Starobogatov (2000) in turn referred only the 
flat type to as Andrusovia dybowskii and considered the conical ones to belong to separate species 
(A. brusinai and A. marina). The lately rediscovered type material represents the conico-globular 
type and is currently subject of study by Anistratenko et al.

Conservation status. Not assessed.

Andrusovia marina (Logvinenko & Starobogatov, 1969)

*1969 Horatia (Caspiohoratia) marina Logvinenko & Starobogatov: 382, fig. 367(18).
2000 Andrusovia marina (Logvinenko et Starobogatov, 1969). – Starobogatov: 41-42, fig. 1D.
2016 Andrusovia marina (Logvinenko et Starobogatov, 1968). – Vinarski & Kantor: 214-215.

Status. Pontocaspian species, identity uncertain.
Type locality. Northern slope of the middle Caspian Sea basin, 43°32.5’N, 49°17.5’E, 60 m water 

depth.
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Distribution. Middle and southern Caspian Sea (Starobogatov, 2000). This species was 
mentioned (as Horatia marina) from depths between 200 and 400 m in the South Caspian basin of 
Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. According to Neubauer et al. (2018), this species might be a senior synonym 
of A. brusinai Starobogatov, 2000. Inspection of recently discovered type material appears to support 
that view, but more in-depth studies are required to evaluate the status of this species.

Remarks. The holotype is not traced and supposedly lost. Only recently, paratypes of this 
species were detected at the Zoological Museum of Moscow University and are currently being 
studied.

Conservation status. Not assessed.

Family Lithoglyphidae Tryon, 1866

Lithoglyphus naticoides (Pfeiffer, 1828)

*1828 Paludina naticoides Pfeiffer: 45-46, pl. 8, figs 1, 2, 4.
2012 Lithoglyphus naticoides (Pfeiffer, 1828). – Welter-Schultes: 41, unnumbered textfigures.
2016 Lithoglyphus naticoides (C. Pfeiffer, 1828). – Vinarski & Kantor: 253.

Status. Accepted native species.
Type locality. In the Danube at Vienna, Austria, and at Pesth (today part of Budapest), Hungary.
Distribution. Originally only in rivers entering the Black Sea, in the Danube up to Regensburg 

(Germany). After 1800, also introduced to Elbe and Rhine regions by artificial canals, after 1900 in 
France (Welter-Schultes, 2012). Very common in the Volga Delta (Vinarski et al., 2018).

Conservation status. Least Concern (Van Damme, 2011b).

Family Tateidae Thiele, 1925

Potamopyrgus antipodarum (Gray, 1843)

*1843 Amnicola antipodarum Gray: 241.
1951 Potamopyrgus jenkinsi E. A. Smith 1889. – Grossu: 693-695, figs 1a-d.
1966 P.[yrgula] (Trachycaspia?) grossui Golikov & Starobogatov: 359.
1991 Potamopyrgus polistchuki Anistratenko: 75, fig. 1(2).
1995 Potamopyrgus alexenkoae Anistratenko in Anistratenko & Stadnichenko: 92-93, fig. 69.
2012 Potamopyrgus antipodarum (Gray, 1843). – Welter-Schultes: 40, unnumbered textfigures.
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Status. Accepted species, invasive.
Type locality. New Zealand (no details).
Distribution. Originally from New Zealand, probably introduced in 1859 to England, in 1872 to 

Tasmania, in 1895 to mainland Australia, in about 1900 to European mainland (Ponder, 1988) and 
in 1987 to North America (Zaranko et al., 1997).

Taxonomic notes. The two Black Sea species P. polistchuki and P. alexenkoae are here considered 
as junior synonyms of P. antipodarum, differing only very weakly in outline. Vinarski and Kantor 
(2016) listed Pyrgula (Trachycaspia?) grossui Golikov & Starobogatov in synonymy of T. dimidiata 
(Eichwald, 1838). Golikov and Starobogatov (1966) introduced this species as new name for 
supposedly misidentified Potamopyrgus jenkinsi sensu Grossu (1951) from Razim Lake in Romania. 
The shell they later illustrate (Golikov and Starobogatov, 1972) indeed shows similarities with T. 
dimidiata. The shell illustrated in Grossu (1951), however, is completely different and shows a keeled 
form of P. antipodarum.

Conservation status. Least Concern (Van Damme, 2013).

Family Planorbidae Rafinesque, 1815

Gyraulus eichwaldi (Clessin & Dybowski in Dybowski, 1887)

o1876 Pl.[anorbis] Eichwaldi. – Grimm: 157 (nomen nudum).
*1887 Planorbis Eichwaldi Clessin & Dybowski in Dybowski: 49-52.
1888 Planorbis Eichwaldi Grimm. – Dybowski: 79, pl. 2, figs 11a-c, pl. 3, figs 10a-c.
?1966b Anisus (Andrusowia) [sic] eichwaldi infundibularis Logvinenko & Starobogatov: 1472, fig. 4.
?1977 Anisus djalali Tadjalli-Pour: 109, pl. 2, fig. 10.
2016 Gyraulus (Gyraulus) eichwaldi (Grimm in W. Dybowski, 1888). – Vinarski & Kantor, 2016: 378.

Status. Accepted Pontocaspian species.
Type locality. Caspian Sea (no details).
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov, 1969). This 

species was mentioned (as Anisus eichwaldi) from depths between 200 and 900 m in the South 
Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. The species is characterized by a relatively large, asymmetrical shell. Anisus 
eichwaldi infundibularis is probably a morphotype of G. eichwaldi. We are uncertain about the status 
of Anisus djajali Tadjalli-Pour, 1977 as the description is very brief and the photographs are not very 
clear. It may well range within the morphological variability of G. eichwaldi.

Conservation status. Not assessed.
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Gyraulus dybowskii (Kolesnikov, 1947)

*1947 Planorbis eichwaldi var. dybowskii Kolesnikov: 109, 112, fig. in tab. 1.
1966b Anisus (Andrusowia) [sic] kolesnikovi Logvinenko & Starobogatov: 1473, fig. 5.
1966b Anisus (Andrusowia) [sic] kolesnikovi sublittoralis Logvinenko & Starobogatov: 1472-1473,  
 fig. 6.
2016 Gyraulus (Gyraulus) kolesnikovi (Logvinenko et Starobogatov, 1966). – Vinarski & Kantor,  
 2016: 379.

Status. Pontocaspian species, identity uncertain.
Type locality. Caspian Sea, 40°37’N, 50°52’E, 115 m.
Distribution. Middle and southern Caspian Sea (Logvinenko and Starobogatov, 1969). This 

species was mentioned (as Anisus colesnikovi [sic]) from depths between 200 and 300 m in the 
South Caspian basin of Azerbaijan (Mirzoev and Alekperov, 2017).

Taxonomic notes. Logvinenko & Starobogatov (1966b) considered this species and Andrusovia 
dybowskii Brusina in Westerlund, 1902b to belong in the same genus, Anisus (Andrusovia), rendering 
P. dybowskii Kolesnikov, 1947 a junior homonym. Therefore, they introduced A. kolesnikovi as 
replacement name. Since both taxa do clearly not belong to the same genus or even the same family, 
the replacement name is to be discarded.

The species resembles G. eichwaldi regarding the general habitus; it differs in the more 
pronounced angle at the transition between whorl flank and apical plane. A revision is required to 
investigate if the Caspian Gyraulus species are distinct species or morphotypes of G. eichwaldi. The 
generic placement follows Vinarski and Kantor (2016). Note that those authors listed the earlier 
described P. eichwaldi dybowskii Kolesnikov, 1947 in synonymy of G. kolesnikovi.

Conservation status. Least Concern (for Anisus kolesnikovi; Vinarski, 2011u).

Gyraulus sulcatus (Logvinenko & Starobogatov, 1966, non Hilgendorf, 1867)

*1966b Anisus (Andrusowia) [sic] sulcatus Logvinenko & Starobogatov: 1474, fig. 7.
2016 Gyraulus (Gyraulus) sulcatus (Logvinenko et Starobogatov, 1966). – Vinarski & Kantor, 2016: 
382.

Status. Pontocaspian species, identity uncertain, name invalid.
Type locality. Caspian Sea, 42°45’N, 48°29’E, 79 m.
Distribution. Middle Caspian Sea (Logvinenko and Starobogatov, 1969).
Taxonomic notes. The species in its present combination as Gyraulus sulcatus (following 

Vinarski and Kantor 2016) is invalid as it is a secondary homonym of the Miocene Gyraulus sulcatus 
(Hilgendorf, 1867). We refrain here from introducing a replacement name as the species’ status 

133

mollusc species list



is uncertain. It resembles G. eichwaldi and G. kolesnikovi in outline shape and differs only in the 
more pronounced angle between whorl flank and apical plane and the shallow furrow on the apical 
side. An in-depth revision is required to clarify if Gyraulus sulcatus is a distinct species or a mere 
morphotype of G. eichwaldi (Clessin & Dybowski in Dybowski, 1887).

Conservation status. Not assessed.

3.4 Discussion and conclusions
The annotated check-list presented here is a first attempt to assess the species diversity of 
the Pontocaspian molluscs by experts working in different countries and fields (neontology, 
palaeontology, biogeography, phylogenetics). Hitherto, progress has been limited by a number 
of factors: (1) fresh material for genetic studies is available only for few nominal species, and (2) 
the type series of many species are lost or at least have not been found. It concerns not only the 
species described by Eichwald or Grimm in the 19th century; the type specimens of many species 
established by Starobogatov and his co-workers in the 1960-2000s could not be traced in ZIN 
(Kantor and Sysoev, 2006; Vinarski and Kantor, 2016). Furthermore, progress has been limited by (3) 
a lack of representative shell samples to undertake quantitative statistical analyses of conchological 
variation, and (4) insufficient ecological and distribution data for many of the species.

 Three species that have been reported from the Pontocaspian region are not included in this 
list. The bithyniid gastropod Alocinma caspica (Westerlund, 1902) has been described from the east 
side of the Caspian Sea (probably from the vicinity of Krasnovodsk, Turkmenistan; Beriozkina et 
al. 1995). However, Starobogatov et al. (2004) argued the species lives in waterbodies of Bol’shoy 
Balkhan (Turkmenistan) and probably not in the Caspian Sea itself (Vinarski et al. 2013, Vinarski 
and Kantor 2016). Furthermore, two Pseudamnicola species have been described from Lake Razim 
in Romania (P. leontina Grossu, 1986 and P. razelmiana Grossu, 1986) that is prime Pontocaspian 
habitat. Like bithyniids, Pseudamnicola has not been reported as a Pontocaspian group elsewhere, 
and probably they are freshwater species that live in the surrounding streams or in springs. For now, 
we have excluded these species from the Pontocaspian species list.

 This list contains 55 accepted and a further 44 uncertain endemic Pontocaspian mollusc 
species (Table 3.2), here defined as species that are considered to be endemic for at least one of 
the Pontocaspian basins). There are 14 native and 3 immigrant species (at least in one of the 
Pontocaspian basins), even though some species may be native or endemic in one of the basins 
and have become invasive in another of the Pontocaspian basins. All species that have an uncertain 
status belong to the Pontocaspian category. The Caspian Sea basin has the highest number of 
accepted endemic Pontocaspian species (48) but also poses the greatest taxonomic challenges with a 
further 37 species whose status are unclear.

 The species richness estimate reflects the current shift of molluscan systematics from 
morphology-based to integrated studies, with increasing contributions of molecular and statistical 
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Table 3.2: Pontocaspian mollusc species list. Abbreviations: Status: A – accepted, U – uncertain. basins: 

AS – Aral Sea, BSB – Black Sea basin, CSB – Caspian Sea basin. Species are E – endemic, EX – extinct, IM – 

immigrant, IN – invasive, N – Native (definitions in Table 3.1); *species encountered alive during the PRIDE 

program expeditions by participants; †very fresh material of species encountered, but not living specimens.

Species Status BSB CSB AS

Mytilaster minimus (Poli, 1795)* A N IN IM/EX
Adacna laeviuscula (Eichwald, 1829) A ? E
Adacna fragilis Milaschewitsch, 1908 U E
Adacna minima Ostroumov, 1907 A E E/EX?
Adacna minima ostroumovi (Logvinenko & Starobogatov, 1967) U E
Adacna vitrea (Eichwald, 1829) A E E E/EX?
Adacna vitrea glabra Ostroumov, 1905 U E E
Adacna vitrea bergi (Starobogatov, 1974) U E/EX?
Cerastoderma glaucum (Bruguière, 1789) s.l.* A N IN IN?
Cerastoderma sp. A [non C. rhomboides (Lamarck, 1819)]* A N IN IN?
Didacna baeri (Grimm, 1877) A E
Didacna barbotdemarnii (Grimm, 1877)* A E
Didacna eichwaldi (Krynicki, 1837) A E
Didacna longipes (Grimm, 1877)* A E
Didacna parallela Bogachev, 1932 A E
Didacna praetrigonoides Nalivkin & Anisimov, 1914 A E/EX
Didacna profundicola Logvinenko & Starobogatov, 1966† A E
Didacna protracta (Eichwald, 1841) A E
Didacna pyramidata (Grimm, 1877) A E
Didacna trigonoides (Pallas, 1771)* A E
Hypanis plicata (Eichwald, 1829) A E E
Monodacna acuticosta (Logvinenko & Starobogatov, 1967) A E
Monodacna albida (Logvinenko & Starobogatov, 1967) A E
Monodacna caspia (Eichwald, 1829) A E ?
Monodacna colorata (Eichwald, 1829)* A E IM
Monodacna filatovae (Logvinenko & Starobogatov, 1967) U E
Monodacna knipowitschi (Logvinenko & Starobogatov, 1966) U E
Monodacna polymorpha (Logvinenko & Starobogatov, 1967) U E
Monodacna semipellucida (Logvinenko & Starobogatov, 1967) A E
Abra segmentum (Récluz, 1843)* A N IN IN
Corbicula fluminalis (Müller, 1774) A N/IN
Dreissena bugensis Andrussov, 1897† A E/IN IN
Dreissena caspia Eichwald, 1855 A E/EX E/EX
Dreissena elata Andrusov, 1897 U E/EX
Dreissena grimmi (Andrusov, 1890)* A E
Dreissena polymorpha (Pallas, 1771) s.l.* A N N N
Mytilopsis leucophaeata (Conrad, 1831)* A IN IN
Theodoxus danubialis (Pfeiffer, 1828)* A N
Theodoxus fluviatilis (Linnaeus, 1758) A N
Theodoxus pallasi Lindholm, 1924* A N N N/EX?
Theodoxus schultzii (Grimm, 1877)* U E
Theodoxus velox V. Anistratenko in O. Anistratenko et al., 1999 A N
Eupaludestrina stagnorum (Gmelin, 1791) A N/IM N/IM
Caspia baerii Clessin & Dybowski in Dybowski, 1887 A E? E
?Caspia valkanovi (Golikov & Starobogatov, 1966) U E
Clathrocaspia brotzkajae (Starobogatov in Anistratenko & Prisyazhniuk, 1992) A ?E E
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Clathrocaspia gmelinii (Clessin & Dybowski in Dybowski, 1887) A E
Clathrocaspia isseli (Logvinenko & Starobogatov, 1969) U E
Clathrocaspia knipowitschii (Makarov, 1938) A E
Clathrocaspia logvinenkoi (Golikov & Starobogatov, 1966) A E
Clathrocaspia milae Boeters, Glöer & Georgiev, 2015 U E
Clathrocaspia pallasii (Clessin & Dybowski in Dybowski, 1887) A E
Ulskia behningi (Logvinenko & Starobogatov, 1969) U E
?Ulskia derzhavini (Logvinenko & Starobogatov, 1969) U E
Ulskia ulskii (Clessin & Dybowski in Dybowski, 1887) A E
Ecrobia grimmi (Clessin in Dybowski, 1887)* A N N
Ecrobia maritima (Milaschewitsch, 1916)* A N
Ecrobia ventrosa (Montagu, 1803) A IM
Clessiniola variabilis (Eichwald, 1838) A E E
Laevicaspia abichi (Logvinenko & Starobogatov, 1969) A E
Laevicaspia caspia (Eichwald, 1838) A E
Laevicaspia cincta (Abich, 1859) A E
Laevicaspia conus (Eichwald, 1838) A E
?Laevicaspia ebersini (Logvinenko & Starobogatov, 1969) U E
?Laevicaspia ismailensis (Golikov & Starobogatov, 1966) A E
Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & 
Starobogatov, 1966)

A E

Laevicaspia kowalewskii (Clessin & Dybowski in Dybowski, 1887) A E
Laevicaspia lencoranica (Logvinenko & Starobogatov, 1969) U E
Laevicaspia lincta (Milaschewitsch, 1908) A E
?Laevicaspia marginata (Westerlund, 1902) U E
Laevicaspia sieversi (Clessin in Dybowski, 1887) U E
?Turricaspia aenigma (Logvinenko & Starobogatov, 1969) U E
Turricaspia andrussowi (Dybowski & Grochmalicki, 1915) A E
?Turricaspia basalis (Dybowski & Grochmalicki, 1915) U E
?Turricaspia bogatscheviana (Logvinenko & Starobogatov, 1969) U E
Turricaspia chersonica Alexenko & Starobogatov, 1987 U E
Turricaspia columna (Logvinenko & Starobogatov, 1969) U E
Turricaspia concinna (Logvinenko & Starobogatov, 1969) U E
Turricaspia dagestanica (Logvinenko & Starobogatov, 1969) U E
Turricaspia dimidiata (Eichwald, 1838) A E
Turricaspia eburnea (Logvinenko & Starobogatov, 1969) U E
Turricaspia elegantula (Clessin & Dybowski in Dybowski, 1887) U E
Turricaspia eulimellula (Dybowski & Grochmalicki, 1915) A E
Turricaspia fedorovi (Logvinenko & Starobogatov, 1969) U E
Turricaspia grimmi (Clessin & Dybowski in Dybowski, 1887) A E
Turricaspia lyrata (Dybowski & Grochmalicki, 1915) A E
Turricaspia marisnigri Starobogatov in Alexenko & Starobogatov, 1987 U E/EX?
Turricaspia meneghiniana (Issel, 1865) A E
Turricaspia nossovi Kolesnikov, 1947 A E
?Turricaspia obventicia (Anistratenko in Anistratenko & Prisjazhnjuk, 1992) U E
?Turricaspia pseudobacuana (Logvinenko & Starobogatov, 1969) U E
?Turricaspia pseudodimidiata (Dybowski & Grochmalicki, 1915) U E
Turricaspia pseudospica (Logvinenko & Starobogatov, 1969) U E
Turricaspia pulla (Dybowski & Grochmalicki, 1915) A E
Turricaspia pullula (Dybowski & Grochmalicki, 1915) A E
Turricaspia rudis (Logvinenko & Starobogatov, 1969) U E
Turricaspia sajenkovae (Logvinenko & Starobogatov, 1969) U E
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Turricaspia similis (Logvinenko & Starobogatov, 1969) U E
Turricaspia simplex (Logvinenko & Starobogatov, 1969) U E
Turricaspia spasskii (Logvinenko & Starobogatov, 1969) A E
Turricaspia spica (Eichwald, 1855) A ?E E ?E
Turricaspia turricula (Clessin & Dybowski in Dybowski, 1887) A E
Turricaspia uralensis (Logvinenko & Starobogatov, 1969) U E
Turricaspia vinogradovi (Logvinenko & Starobogatov, 1969) U E
Abeskunus brusinianus (Clessin & Dybowski in Dybowski, 1887) A E
Abeskunus depressispira (Logvinenko & Starobogatov, 1969) A E
Abeskunus exiguus (Eichwald, 1838) A E
Andrusovia andrusovi Starobogatov, 2000 U E
Andrusovia brusinai Starobogatov, 2000 U E
Andrusovia dybowskii Brusina in Westerlund, 1902 A E
Andrusovia marina (Logvinenko & Starobogatov, 1969) U E
Lithoglyphus naticoides (Pfeiffer, 1828)* A N IM?
Potamopyrgus antipodarum (Gray, 1843)* A IM
Gyraulus eichwaldi (Clessin & Dybowski in Dybowski, 1887)† A E
Gyraulus dybowskii (Kolesnikov, 1947) U E
Gyraulus sulcatus (Logvinenko & Starobogatov, 1966) U E

species delineation approaches (Vinarski, 2018). It has recently been shown that many nominal 
taxa of fresh- and brackish-water snails and mussels described on the basis of their shell characters 
(the Pontocaspian molluscs rarely were described on the base of anatomical studies) lack a genetic 
support (with few exceptions such as e.g., Popa et al. 2012, Stepien et al. 2013) and thus do not 
represent evolutionary meaningful units. On the other hand, cryptic speciation is known within 
many taxa of molluscs in long-lived lakes (Albrecht et al., 2006), and the Pontocaspian biota may 
include some previously unrecognized species. Thus, we consider our check-list rather as a starting 
point for further integrated research, not a definitive and fixed inventarization of the Pontocaspian 
molluscs.

Anyone who reads this list or works such as Logvinenko and Starobogatov (1969) or Vinarski 
and Kantor (2016) may think that the Caspian Sea still maintains its unique and species-rich 
mollusc fauna. However, the actual state of affairs is problematic as many species thought to be 
endemic to this large saline lake have not been found since their description, and recent attempts 
to obtain fresh material for genetic studies mostly failed. Clearly, the conservation status of 
Pontocaspian species is insufficiently known. With our working list we aim to assist in the necessary 
follow-up conservation assessments.

Most taxonomic difficulties we encounter for the bivalve genera Monodacna and Dreissena 
and the Pyrgulinae gastropods (especially genera Turricaspia and Laevicaspia). Furthermore, 
there is an urgent need to assess whether representatives of species complexes in the three main 
Pontocaspian basins (Aral Sea, Caspian Sea, Black Sea) concern separate species as several of these 
regional populations are in immediate danger of extinction or already extinct (for example with 
the disappearance of the Aral Sea). Combined methodological efforts will enable us to estimate the 
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extent and characterise the nature of Pontocaspian faunal turnover, and this species list is a first 
attempt in the required uniform taxonomic base.
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Late Pleistocene Caspian gastropod 
diversity (Selitrennoye, Russia)
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fauna from the northern Caspian Sea with implications for Pontocaspian gastropod taxonomy. 
ZooKeys 770, 43-103. http://doi.org/10.3897/zookeys.770.25365

Abstract
The presented chapter details a very diverse non-marine gastropod fauna retrieved from Caspian 
Pleistocene deposits along the Volga River north of Astrakhan (Russia). During time of deposition 
(early Late Pleistocene, late Khazarian regional substage), the area was situated in shallow water 
of the greatly expanded Caspian Sea. The fauna contains 24 species, of which 16 are endemic to 
the Pontocaspian region and 15 to the Caspian Sea. The majority of the species (13) belongs 
to the Pyrgulinae (Hydrobiidae), a group famous for its huge morphological variability in the 
Pontocaspian region. The phenotypic diversity has led to an inflation of genus and species names in 
the literature. New concepts are proposed for many of the genera and species found in the present 
material, with implications for the systematics and taxonomy of the entire Pontocaspian gastropod 
fauna. Laevicaspia vinarskii sp. n. is described as a new species. This contribution is considered a first 
step in revising the Pontocaspian gastropod fauna.

4.1 Introduction
The Caspian Sea is Earth’s largest inland water body. With an area of 378,100 km² it covers about 
40% of the world’s continental surface water (Dumont, 1998; Lehner and Döll, 2004). The endorheic 
Caspian basin is situated at the crossroads between Europe and Asia and borders Azerbaijan, Iran, 
Kazakhstan, Russia, and Turkmenistan. Today, its water balance is strongly controlled by the rivers 
Volga (Russia) and Ural (Kazakhstan) entering from the north and the Kura River (Azerbaijan) 
flowing in from the southwest and by evaporation from the sea and the adjacent Kara Bogaz Gol 
(Dumont, 1998). The Caspian Sea is a mesohaline lake with an average salinity of about 12.8 psu. 
Steep salinity gradients exist in the northern Caspian Sea from near freshwater conditions at the 
Volga River delta in the north to a maximum of 13.8 psu in the southeast (Dumont, 1998).
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During the Pleistocene, several major transgressive-regressive cycles caused recurrent 
connections between Black Sea and Caspian basins, which were accompanied by dramatic changes 
in lake size, salinity and biotic assemblages (e.g., Dumont, 1998; Forte and Cowgill, 2013; Shkatova, 
2010; Svitoch, 2012, 2008b; Taviani et al., 2014; Van Baak et al., 2013; Yanina, 2014, 2013; Yanko-
Hombach et al., 2007). In spite of the major environmental fluctuations over the geological past, the 
Caspian Sea basin hosted a succession of anomalohaline to freshwater lakes since the late Pontian 
(late Messinian, late Miocene; Popov et al., 2006; Van Baak et al., 2013). The extensive duration of the 
fluctuations since the Early Pleistocene facilitated the accumulation of diverse and highly endemic 
(“Pontocaspian”) biota in this long-lived lake (sensu Gorthner, 1994). As to the recent mollusk fauna, 
92 species of gastropods and 35 species of bivalves are listed in latest systematic catalogues (e.g., 
Kantor et al., 2010; Kantor and Sysoev, 2006, 2005; Vinarski and Kantor, 2016). As for the gastropods, 
which are dominated by small-sized Hydrobiidae, 92.4% of them are endemic to the Caspian Sea 
(Neubauer et al., 2016a). Because of its high diversity, the Caspian Sea has been classified as a major 
biodiversity hotspot for anomalohaline gastropods (Neubauer et al., 2015a). However, the endemic 
mollusk fauna is at present severely suffering from the expansion of a number of invasive species 
(Albrecht et al., 2014; Grigorovich et al., 2003; Heiler et al., 2010; Kosarev and Yablonskaya, 1994; 
Orlova et al., 2004; Riedel et al., 2006; Therriault et al., 2004). Since the early 20th century, human 
activity has led to a massive increase in the rate of establishment of non-indigenous aquatic species 
compared to preceding natural colonization (Grigorovich et al., 2003). Additional environmental 
pressure is exerted on the resident fauna by the increasing concentrations of heavy metals and 
pesticides (e.g., Agusa et al., 2004; Anan et al., 2005).

In order to predict future biodiversity loss as a response to natural or anthropogenically induced 
environmental change, it is vital to document and understand the species richness and development 
of the endemic fauna over longer temporal scales. For this purpose, a sound taxonomic framework 
is required. The extreme morphological variability of many of the described species complicates 
taxonomy and, thereby, hampers reliably diversity assessments. Preceding taxonomic studies carried 
out in the 19th and 20th century have produced a plethora of available species names, partly based 
on minor morphological deviations. Taxonomic works are hampered by (1) the inadequate nature of 
descriptions and illustrations, (2) the apparent loss of much of the material, (3) the few and hugely 
variable morphological characters in some of the groups, and (4) the apparent recent loss of many of 
the species, which makes combined morphological and molecular approaches impossible. Presently, 
the statuses of most Caspian endemic gastropods, especially of the numerous representatives of the 
Pyrgulinae (Hydrobiidae), are poorly resolved.

The present contribution details a diverse gastropod fauna from upper Khazarian (Upper 
Pleistocene) deposits from the northwestern part of the Caspian basin, at that time witnessing a 
major transgressive event (Svitoch 2012; Fig. 4.1). We provide descriptions, illustrations and 
comparisons of the so far mostly poorly known species, and suggest nomenclatural and taxonomic 
rectifications. Since we could examine little of the type material of the discussed species (mostly 
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because the whereabouts are unknown), we limit our conclusions on former concepts and potential 
synonymies to taxa that have been thoroughly described and/or adequately illustrated (e.g., Kantor 
and Sysoev 2006). One particular focus of the present work is the revision of genus concepts that 
have been applied to Pontocaspian Hydrobiidae.

4.2 Materials and methods
The studied mollusk fauna derives from deposits exposed near the small village of Selitrennoye (also 
as Selitrennoe; Russ. Селитренное) along the left bank of the Akhtuba River, a distributary of the 
Volga River (Russia) (Fig. 4.1). The locality is situated about 100 km NNW of the city of Astrakhan 

Fig. 4.1: Geographic overview of the Pontocaspian region, with indication of the extent of the late Khazarian 

(early Late Pleistocene) transgression. The star marks Selitrennoye. Paleo-lake level was modeled in ESRI 

ArcGIS 10.4 based on Yanina (2014), who suggested an absolute lake level of 10 m b.s.l. at that time. 

Considering the present Caspian base level of 27 m b.s.l., this estimate corresponds to a lake level rise of 17 m. 

(Note that the model is restricted to the Pontocaspian catchment area and disregards potential topographic 

differences.) The bathymetry ranges are based on the GEBCO_2014 model (version 20150318) for present-day 

(Weatherall et al., 2015); shown isobaths equal to 100, 500 and 1000 m below current lake level.
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in the administrative division of the same name (47°10’21.19”N, 47°26’25.41”E, WGS84). The 
investigated section of 14 m height spans the upper Khazarian to Khvalynian regional substages, 
which correlates to the early Late Pleistocene (Svitoch, 2012; Yanina, 2013a, 2014). The base of 
the Quaternary outcrop, which lies 19 m below sea level, is formed by 2.5 m of upper Khazarian 
sands with common dispersed shells, including shell lenses (Fig. 4.2). This layer contains the here 
described gastropod fauna and several species of Lymnocardiinae bivalves. Upsection follows a 
1-m-thick interval of horizontally alternating sandy and silty layers containing a diverse assemblage 
of bivalves of the genera Monodacna, Didacna, and Dreissena. Above it, 4 m of clays containing 
siltstones and sand layers were deposited. Overlying the interval, 3 m of lower Khvalynian sands 
are present, containing species of Didacna and Dreissena, followed by 1 m of brown silty clays 
(“chocolate clays”). The top of the Pleistocene deposits is marked by 1 m of upper Khvalynian sands 
and sandy loams barren of fossils, topped by a late Holocene soil complex rich in archeological 
remains.

Approximately 5 kg of sediment were collected by F.W. in September 2015 and has been washed 
over a 0.5 mm sieve before sorting. All material is stored at the Faculty of Geography of the Moscow 
State University under collection numbers LV 201501-201530 and 201731-201750 and at the 

Fig. 4.2: Geographic position and log of the sampled section at Selitrennoye village. The star marks the layer of 

which the fauna derives. The stratigraphy was established based on the occurrence of Lymnocardiinae bivalves, 

following the biostratigraphic scheme of Yanina (2013).
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Naturalis Biodiversity Center, Leiden, the Netherlands, under collection numbers RGM 1309784-
1309793, 1309797-1309856, 1310190-1310249, and 1310252-1310258.

Macro-photographs of the specimens were taken with a Leica M165 C stereomicroscope with 
attached DFC420 camera, using the focus stacking function of the Leica Application Suite software 
v. 4.4.0 at the Naturalis Biodiversity Center, Leiden. SEM images were acquired on a JEOL JSM-
6480LV at the same institute. Specimens were coated with a 20 nm thick platinum-palladium alloy 
in a Quorum Q150T S coater.

For every species, a number of specimens was measured as representatives of its morphological 
spectrum. Shell measurements for Theodoxus are given as height x largest width (perpendicular 
to height) x second-largest width (perpendicular to both other axes); for all other species, 
measurements are given as height x width. Counting of protoconch whorls follows the method used 
by Verduin (1977) (Fig. 4.3). Descriptions and information on the whereabouts of type material are 
only indicated for Pontocaspian species; a brief account on the non-indigenous species detected 
herein is provided at the end of the Systematic Paleontology section. Synonymy lists comprise 
original descriptions, records providing illustrations and entries in systematic catalogues referring 
to Caspian records (e.g., Kantor and Sysoev, 2006; Vinarski and Kantor, 2016). The systematic 
classification follows Bouchet et al. (2017) and MolluscaBase (2017).

Abbreviations used are:

Fig. 4.3: Sketch of the measurements made on the protoconch. The method for counting whorls follows 

Verduin (1977).
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P/T protoconch/teleoconch;
MSU Moscow State University, Moscow, Russia, Faculty of Geography;
RGM Naturalis Biodiversity Center, Leiden, the Netherlands, coll. Fossil Mollusca (formerly 

Rijksmuseum van Geologie en Mineralogie);
ZIN Zoological Institute of the Russian Academy of Sciences, St. Petersburg, Russia.

4.3 Systematic paleontology
We tried to locate the depository of type specimens for all identified species, but this was successful 
only for a part of the fauna. In particular, much of the type material of the species described by 
Logvinenko and Starobogatov (1969) could not be located, since these authors did not provide 
information on the depository of the types or the localities they were retrieved at. According to 
Kantor et al. (2010), the types should be stored in ZIN but few have been found, since large parts of 
Starobogatov’s collection have not been entirely inventoried as yet.

Class Gastropoda (Cuvier, 1795)Cuvier, 1795
Subclass Neritimorpha Golikov and Starobogatov, 1975
Order Cycloneritimorpha Frýda, 1998
Superfamily Neritoidea Rafinesque, 1815
Family Neritidae Rafinesque, 1815
Subfamily Neritininae Poey, 1852

Genus Theodoxus Montfort, 1810

Type species. Theodoxus lutetianus Montfort, 1810 [currently considered as a synonym of 
Theodoxus fluviatilis (Linneaus, 1758)]; by original designation. Recent; Europe.

Theodoxus pallasi Lindholm, 1924
 Fig. 4.4A-F

1838 Neritina liturata m. Eichwald: 156-157 [non Neritina liturata Schultze, 1826].
1841 Neritina liturata m. – Eichwald: 258-260, pl. 38, figs 18-19 [non Schultze, 1826].
1855 Neritina liturata m. – Eichwald: 307-308 [non Schultze, 1826].
1887 Neritina liturata Eichw. sp. – W. Dybowski: 56-60 [non Schultze, 1826].
1888 [Neritina] liturata Eichw. – W. Dybowski: 79, pl. 2, fig. 10 [non Schultze, 1826].
* 1924 Theodoxus pallasi nom. nov.; Lindholm: 33, 34.
1952 Theodoxus pallasi Lindh. – Zhadin: 208-209, fig. 124.
1969 Theodoxus pallasi Ldh. – Logvinenko & Starobogatov: 343, pl. 5, figs 5-6, textfig. 356.
1994 Theodoxus atrachanicus Starobogatov in Starobogatov et al..: 8-9, fig. 1 (1-2).
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1994 Th.[eodoxus] pallasi Ldn. – Starobogatov et al.: 8-9, fig. 1 (3-4).
2006 Theodoxus pallasi Lindholm, 1924. – Kantor and Sysoev: 45, pl. 20, fig. C.
2006 Theodoxus atrachanicus Starobogatov in Starobogatov et al., 1994. – Kantor & Sysoev: 44, 
 pl. 21, fig. C
2009 Theodoxus pallasi Lindholm, 1924. – Filippov & Riedel: 70, 72, 74, 76, figs 4g-i.
2011 Theodoxus astrachanicus Starobogatov in Starobogatov, Filchakov, Antonova et Pirogov, 1994. –  
 Anistratenko et al. et al.: 54-55, fig. 1 (6).
2012 Theodoxus pallasi Lindholm, 1924. – Welter-Schultes: 29, unnumbered textfig.
2016 Theodoxus (Theodoxus) astrachanicus Starobogatov in Starobogatov et al., 1994. – Vinarski and  
 Kantor: 155-156.
2016 Theodoxus (Theodoxus) pallasi (Lindholm, 1924). – Vinarski & Kantor: 156-157.
2017 Theodoxus pallasi Lindholm, 1924. – Anistratenko et al.: 221, figs 4, 7, 10, 11 [cum syn.].

Material. 294 specimens (RGM 1309841, RGM 1309843, RGM 1310190-1310193, LV 201510).
Type material. Lectotype: ZIN 54547/63, designated by Starobogatov et al. (1994).
Type locality. “Inter Fucos littoris Derbendensis viva” (living among algae on the shores of 

Derbent), Dagestan, Russia.
Dimensions. 5.95 x 6.62 x 4.81 mm (RGM 1310191, Figs 4.4A-C); 4.52 x 5.59 x 4.05 mm (LV 

201510, Figs 4.4D-F); 6.62 x 7.31 x 5.30 mm (RGM 1310192, Fig. 4.4I); 6.63 x 7.53 x 4.99 mm (RGM 
1310190).

Description. Near globular shell with up to 2.7 whorls. Protoconch consists of about half 
a whorl; diameter of about 570 µm; nucleus measures ca. 250 µm in diameter; surface mostly 
corroded; P/T transition indistinct, marked by onset of growth lines. Apex weakly raised. Last whorl 
passes from upper suture over weakly inclined ramp with shallow concavity into broadly, regularly 
rounded flank that is near semicircular in profile; relative length of ramp increases with ontogeny. 
Aperture inclined, regularly semicircular. Callus moderately thickened, glossy, edentate; right margin 
bulging, symmetrically sinuate, with near straight-sided lower and upper thirds and broad, shallow 
indentation in central third; left margin extends sinuate over base of penultimate whorl, with small 
adapical indentation, formed by slightly protruding peristome margin. Peristome sharply edged 
throughout ontogeny from adapical tip to where it passes into callus margin at base of penultimate 
whorl. Adapically, peristome margin forms steep crest towards callus, sometimes accompanied by 
thin, shallow furrow at the transition. Color pattern already starts on early teleoconch as widely 
spaced, dark yellow to brown curved lines, which pass into slightly irregular zigzag lines with partly 
dichotomizing branches on last whorl; line width, density, amplitude, color and raggedness varies 
among specimens and partly within the same individual.

Discussion. The regular, widely spaced zigzag pattern is characteristic of the species. 
Comparable patterns occur in T. danubialis (Pfeiffer, 1828) and occasionally in T. fluviatilis 
(Linneaus, 1758), but in these species lines are finer and more closely spaced. They furthermore 
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differ in their less elongated shells. Similarly, T. euxinus (Clessin, 1886) from the Black Sea is more 
globular and shows a much denser and finer color pattern (Kantor and Sysoev, 2005; Welter-
Schultes, 2012). Theodoxus schultzii (Grimm, 1877) has traditionally been distinguished from 
T. pallasi by its rounder shell and the massively expanded aperture (Zettler, 2007). Currently, the 
whole group is under study using genetic data. Preliminary results suggest that both T. pallasi and 
T. schultzii may be grouped with the Iranian species T. pallidus (Dunker, 1861), and possibly a major 
name change for T. pallasi is due (A.F. Sands, pers. commun. 01/2018).

Theodoxus astrachanicus Starobogatov in Starobogatov et al., 1994 from the Azov Sea and Volga 
delta is claimed to differ from T. pallasi in size and rate of whorl expansion (Starobogatov et al., 
1994). However, both species correspond well in terms of shell shape and, in particular, the typical 
zigzag pattern (see also Kantor & Sysoev 2006). We therefore agree with Anistratenko et al. (2017) to 
treat T. astrachanicus as a junior synonym of T. pallasi.

Distribution. Presently living in the Caspian Sea, the Sea of Azov and the Aral Sea; records 
from Armenia and the Ural River need confirmation (Anistratenko et al., 2017). In the Pleistocene, 

Fig. 4.4: Neritidae. A-C Theodoxus pallasi Lindholm, 1924, RGM 1310191 D-F T. pallasi, LV 201510 G, H T. 

pallasi, RGM 1309843 I T. pallasi, RGM 1310192.
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the species also dwelled in river deltas entering the Black Sea, where it probably became extinct 
during the Neoeuxinian/Late Pleistocene (Anistratenko et al., 2017).
 
Subclass Caenogastropoda Cox, 1960
Order Littorinimorpha Golikov & Starobogatov, 1975
Superfamily Truncatelloidea Gray, 1840
Family Hydrobiidae Stimpson, 1865

Subfamily Caspiinae B. Dybowski, 1913

Discussion. The genus Caspia has been widely used for species with small ovoid shells, occasionally 
with spiral or reticulate teleoconch sculpture. Based on the expression of sculpture, some authors 
have divided the species among the (sub)genera Caspia s.s., with a single spiral line below the 
suture, and Clathrocaspia Lindholm, 1930, exposing a reticulate pattern (e.g., Anistratenko, 2013; 
Anistratenko and Prisyazhniuk, 1992; Boeters et al., 2015; Büyükmeriç and Wesselingh, 2018). 
Species lacking teleoconch sculpture were grouped under the new taxon Ulskia by Logvinenko & 
Starobogatov (1969). While those authors considered it a subgenus of Pyrgula, W. Dybowski (1887) 
originally treated its type species (Caspia ulskii Clessin & W. Dybowski in W. Dybowski, 1887, see 
below) as a sculpture-less form of Caspia.

Ulskia ulskii is available in the present material, and we have investigated the type species of 
Clathrocaspia (Caspia pallasii Clessin & W. Dybowski in W. Dybowski, 1887) obtained from 
Holocene deposits of the northern and southern Caspian Sea. However, the type species of Caspia, 
Caspia baerii Clessin & W. Dybowski in W. Dybowski, 1887, is unknown to us. The original 
description suggests that it is similar to Ulskia and Clathrocaspia in terms of size and shape, yet 
to differ in the presence of a single line below to suture, demarcating a narrow subsutural ramp. 
All three genera are probably closely related, which is also suggested by the similar protoconchs 
of Ulskia and Clathrocaspia (pers. obs. T.A.N.). Since Ulskia and Clathrocaspia can be easily 
distinguished based on the presence of sculpture, we propose to treat them as distinct genera. The 
status of Caspia remains doubtful until the type species is properly re-investigated.

The Caspia – Clathrocaspia – Ulskia species group can be well delimited from the larger, 
elongate-conical or – ovoid Turricaspia auct. and Pyrgula auct. Moreover, unpublished molecular 
data suggest that the group is unrelated to Pyrgulinae (T. Wilke, pers. comm. 04/2018). We follow 
Anistratenko (2013) and Bouchet et al. (2017), who listed the Caspiinae as separate subfamily.

Genus Ulskia Logvinenko & Starobogatov, 1969

Type species. Caspia ulskii Clessin & W. Dybowski in W. Dybowski, 1887; by original designation. 
Caspian Sea, Recent.
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Ulskia ulskii (Clessin & W. Dybowski in W. Dybowski, 1887)
 Fig. 4.5A-K
 
* 1887 Caspia Ulskii nob.; W. Dybowski: 38-39.
1888 [Caspia] Ulskii n. sp. – W. Dybowski: 79, pl. 3, fig. 8.
1952 Caspia ulskii W. Dyb., 1888. – Zhadin: 205, fig. 205.
1969 Pyrgula [(Ulskia)] nana Logvinenko & Starobogatov: 379, fig. 367 (12).
1969 Pyrgula [(Ulskia)] schorygini Logv. et Star. sp. n.; Logvinenko & Starobogatov: 379, fig. 367 (11).
1969 Pyrgula [(Ulskia)] ulskii (Cless. et W. Dyb.). – Logvinenko & Starobogatov: 379, figs 367 (10).
2006 Pyrgula nana Logvinenko et Starobogatov, 1968. – Kantor & Sysoev: 101, pl. 47, fig. D.
2006 Pyrgula schorygini Logvinenko et Starobogatov, 1968. – Kantor & Sysoev: 103, pl. 45, fig. E.
2006 Pyrgula ulskii (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev: 104, pl. 45,  
 fig. F.
2016 Pyrgula nana Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 240-241.
2016 Pyrgula schorygini Logvinenko et Starobogatov, 1968. – Vinarski & Kantor: 242.
2016 Pyrgula ulskii (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski & Kantor: 244.

Material. 19 specimens (RGM 1309790, RGM 1309810, RGM 1309856, RGM 1310208, LV 201506).
Type material. “Probable syntype”: ZIN 4608/1. Holotype of P. schorygini: ZIN 4357/1. Holotype 

of P. nana not traced.
Type locality. “Kaspi-See” (Caspian Sea, no further details mentioned). Type locality of P. 

schorygini: Caspian Sea; off Apsheron Peninsula, 40°07.5’N, 50°57.5’E, WGS84, 88 m (after Vinarski 
& Kantor 2016). Type locality of P. nana: western part of the Caspian Sea, 70-120 m.

Dimensions. 2.05 x 1.13 mm (RGM 1309810, Figs 4.5A, F, H, I); 2.16 x 1.16 mm (LV 201506, 
Figs 4.5B, C, G); 2.12 x 1.10 mm (RGM 1309856, Figs 4.5D, E); 2.12 x 1.23 mm (RGM 1309790, Figs 
4.5J, K).

Description. Slender ovoid shell with up to 4.7 whorls. Protoconch broad, low dome-shaped, 
comprising 1.25 whorls that measure 365 µm; nucleus is ca. 105 µm wide; protoconch surface 
finely but strongly malleate; pattern irregular on initial part and only partly present on nucleus; 
P/T transition marked by thin axial line and slight step in the upper suture. Teleoconch whorls 
slightly ton-shaped, weakly convex in abapical half and straight-sided or almost so in adapical half, 
followed by pronounced convexity at upper suture, producing slightly stepped spire. Last whorl 
attains ca. 61-66%, descends into steep, straight base. Aperture slender ovoid, slightly inclined, with 
faint adapical notch at contact to penultimate whorl. Peristome slightly thickened and expanded. 
In lateral view, outer lip exposes marked adapical indentation and very weak abapical indentation; 
columellar lip straight. Umbilicus narrow but always open. Growth lines weak but distinctly 
sigmoidal, with opisthocyrt upper half and prosocline lower half. In addition, faint spiral threads are 
visible on some shells.
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Discussion. Pyrgula schorygini Logvinenko & Starobogatov, 1969 and P. nana Logvinenko 
& Starobogatov, 1969, both of which were also originally included in the subgenus Ulskia, closely 
resemble this species. Logvinenko & Starobogatov (1969) did not discuss similarities or differences 
among the species involved, but their descriptions suggest they considered minor differences in 
whorl profile and suture depth sufficient to discriminate species. A similar range of variability is 
present in our sample as well and might rather reflect intraspecific variation. We thus consider the 
three species synonymous.

Two more species were attributed to the subgenus Ulskia by Logvinenko & Starobogatov (1969). 
The shell of Caspia derzhavini (Logvinenko & Starobogatov, 1969) is more slender and has more 
whorls. Caspia behningi (Logvinenko & Starobogatov, 1969) differs in its broader and distinctly 
conical shape.

Distribution. Endemic to the Caspian Sea, reported from water depths between 45 and 120 m 
(Logvinenko & Starobogatov 1969).

Fig. 4.5: Caspiinae. A, F, H, I Ulskia ulskii (Clessin & W. Dybowski in W. Dybowski, 1887), RGM 1309810 B, C, 

G U. ulskii, LV 201506 D, E U. ulskii, RGM 1309856 J, K U. ulskii, RGM 1309790.
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? Subfamily Horatiinae Taylor, 1966

Genus Andrusovia Brusina in Westerlund, 1902a
 
Type species. Andrusovia dybowskii Brusina in Westerlund, 1902a; by original designation. Caspian 
Sea, Recent.

Discussion. The subfamily placement of the genus follows Vinarski & Kantor (2016: 214) 
and is based on the resemblance with species of the genus Horatia Bourguignat, 1887 (see also 
discussion in Starobogatov 2000). A recent molecular phylogeny including the Hydrobiidae suggests 
the Horatiinae to be distinct from the Belgrandiinae (Wilke et al., 2013; see also Bank 2017). We 
follow Starobogatov (2000) and regard Caspiohoratia Logvinenko & Starobogatov, 1969 as a junior 
synonym of Andrusovia.

Andrusovia brusinai Starobogatov, 2000
 Fig. 4.6F-K, M-N

* 2000 Andrusovia brusinai Starobogatov, sp. nov.; Starobogatov: 41, fig. 1C.
2006 Andrusovia brusinai Starobogatov, 2000. – Kantor & Sysoev: 83, pl. 40, fig. C.
2016 Andrusovia brusinai Starobogatov, 2000. – Vinarski & Kantor: 214.

Material. 39 specimens (RGM 1309839, RGM 1309840, RGM 1310206, LV 201509).
Type material. Holotype: ZIN (no number).
Type locality. Eastern part of the middle Caspian Sea (42°42.5’ N, 51°32.5’ E, WGS84), at 80 m.
Dimensions. 1.52 x 1.44 mm (RGM 1309840, Figs 4.6F, G); 1.54 x 1.55 mm (LV 201509, Figs 

4.6H, K, N); 1.81 x 1.80 mm (RGM 1309839, Figs 4.6I, J, M); 1.71 x 1.52 mm; 1.67 x 1.69 mm; 1.83 x 
1.55 mm; 1.64 x 1.51 mm.

Description. Shell broad trochiform, about as high as wide, with up to 4 whorls. Rarely 
specimens with slightly elevated spire occur. Protoconch high domical, about semicircular in 
profile; initial part immersed; consists of 1.1 whorls, measures 300 µm in diameter; nucleus about 
90 µm wide; protoconch surface finely but strongly malleate near lower suture, rest appears to be 
irregularly granulate, but that might be due to poor preservation; P/T boundary sharp, marked by 
massive growth constrictions near lower suture. Teleoconch whorls highly convex, with maximum 
convexity in adapical half, producing slightly stepped spire. Last whorl attains 74-81% of shell 
height. Aperture broadly drop-shaped, slightly inclined, with faint adapical notch at contact to 
penultimate whorl. Peristome slightly thickened and expanded at columella and base; sinuate in 
lateral view, with weakly protruding central part and weak adapical indentation. Umbilicus wide, 
deep. Fine prosocline growth lines cover shell. On one specimen, traces of spiral threads occur on 
base.
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Discussion. The Caspian congeners Andrusovia dybowskii Brusina in Westerlund, 1902a (sensu 
Starobogatov 2000) and A. andrusovi Starobogatov, 2000 differ from the present species in their 
much lower spires. Andrusovia marina (Logvinenko & Starobogatov, 1969) is smaller and has a 

Fig. 4.6: Hydrobiinae and Horatiinae. A, B, L Ecrobia cf. grimmi (Clessin in W. Dybowski, 1887), LV 201508 

C, D E. cf. grimmi, RGM 1309845 E E. cf. grimmi, RGM 1309847 F, G Andrusovia brusinai Starobogatov, 2000, 

RGM 1309840 H, K, N A. brusinai, LV 201509 I, J, M A. brusinai, RGM 1309839.
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shorter spire. Starobogatov (2000) based the distinction from A. brusinai on minor differences in 
shell ratios but these are strongly affected by the varying number of whorls and shell size; it might 
well be that A. marina and A. brusinai are just different growth stages of the same species. Since 
we have not seen the type material of Logvinenko & Starobogatov (1969), we tentatively accept 
the distinction of both taxa by Starobogatov (2000). Further comparison with the Logvinenko & 
Starobogatov material is essential to assess whether the two names refer indeed to distinct species.

Andrusovia brusinai resembles several recent species of Horatia Bourguignat, 1887, Hauffenia 
Pollonera, 1898 and Islamia Radoman, 1973 in terms of shell shape and protoconch surface. These 
differ from the present species in the either straight-sided (Hauffenia, Islamia; Arconada and Ramos, 
2006; Erőss and Petró, 2008) or abapically (instead of adapically) sinuated peristome (Horatia; 
Szarowska, 2006; Szarowska and Falniowski, 2014). Shells of several species of Pontohoratia Vinarski, 
Palatov & Glöer, 2015 and Motsametia Vinarski, Palatov & Glöer, 2015 resemble Andrusovia species 
in terms of size and shape. They all differ in the more regularly shaped protoconchs, which show 
large nuclei and lack the massive growth constrictions.

Distribution. Endemic to the Caspian Sea, reported from middle and south Caspian Sea at 
depths between 47 and 311 m (Starobogatov 2000).

Subfamily Hydrobiinae Stimpson, 1865

Genus Ecrobia Stimpson, 1865

Type species. Turbo minutus Totten, 1834; by original description. United States, Recent.

Ecrobia cf. grimmi (Clessin in W. Dybowski, 1887)
 Fig. 4.6A-E, L

cf. * 1887 Hydrobia Grimmi Cless.; W. Dybowski: 55-56.
cf. 1888 [Hydrobia] Grimmi Clessin. – W. Dybowski: 79, pl. 3, fig. 2.
cf. 1952 Hydrobia grimmi (Clessin) W. Dyb., 1888. – Zhadin: 225, fig. 147.
cf. 1969 Pyrgohydrobia grimmi (Cless. et W. Dyb.) – Logvinenko & Starobogatov: 249, fig. 358 (11).
cf. 2006 Caspiohydrobia grimmi (Clessin in W. Dybowski, 1888). – Kantor & Sysoev, 91-92, pl. 43, 
 fig. E.
cf. 2009 Caspiohydrobia grimmi (Clessin et Dybowski, 1888). – Filippov & Riedel: 70-72, 74-76,
 figs 4a-d.
cf. 2016 Caspiohydrobia grimmi (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski &   
 Kantor: 229.
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Material. 345 specimens (RGM 1309845, RGM 1309847, RGM 1310207, LV 201508).
Type material. Not traced.
Type locality. “Kaspi-See” (Caspian Sea, no further details mentioned).
Dimensions. 2.56 x 1.45 mm (LV 201508, Figs 4.6A, B, L); 2.83 x 1.54 mm (RGM 1309845, Figs 

4.6C, D); 2.19 x 1.30 mm (RGM 1309847, Fig. 4.6E); 3.88 x 2.26 mm; 3.48 x 1.97 mm; 3.77 x 1.99 m; 
3.50 x 1.89 mm; 3.26 x 1.79 mm; 3.33 x 1.66 mm.

Description. Shell shape highly variable, ranging from broad ovoid to slender conical, 
comprising up to 6.5 whorls. Protoconch consisting of about one whorl, with nucleus immersed; 
initial part slightly raised, producing acute apex; surface weakly granular to malleate; P/T transition 
clear. Protoconch and teleoconch whorls highly convex, sometimes slightly flattened centrally in 
later whorls; suture deep. Size of last whorl varies between 55-62%, descends into straight-sided 
base. Aperture regularly ovoid, slightly inclined, touching base of penultimate whorl, leaving wide 
umbilicus. Peristome simple, sometimes weakly expanded. Surface smooth expect for very fine 
prosocline growth lines.

Discussion. The shells of Ecrobia can only be reliably identified on the species-level using 
molecular data (Haase et al., 2010). Therefore, we tentatively assign the detected specimens to 
Ecrobia grimmi, which is the only Ecrobia species occurring in the Caspian Sea today (Haase et al., 
2010).

Most of the species presently assigned to Caspiohydrobia Starobogatov, 1970, including its type 
species, Pyrgohydrobia eichwaldiana Golikov & Starobogatov, 1966, range within the morphological 
variability of this species. Previous examination of both reproductive systems (Sitnikova et al., 
1992) and juvenile shells (Filippov & Riedel, 2009) did not yield criteria supporting interspecific 
differentiation. Very likely all of the thirty Caspiohydrobia species listed by Kantor & Sysoev 
(2006) are morphotypes of a single species, probably E. grimmi. Given the problems of using shell 
morphology to identify Ecrobia, taxonomic conclusions on the synonymy of the Caspiohydrobia 
species require molecular data.

Note on species authority. W. Dybowski (1887: 7) noted that all diagnoses were drafted by 
Clessin and himself and most new species were therefore marked with “nob.” (Lat. nobis, “us”). 
However, W. Dybowski obviously made exceptions. In case of the new genus Clessinia, he marked 
the authority with “m.” (Lat. meus, “mine”). For Hydrobia grimmi, the authority is clearly indicated 
with “Cless.”, making Clessin the sole author of the species (unlike indicated by several authors).

Distribution. Caspian Sea; Lake Sawa, Iraq (Haase et al., 2010); salt lakes near Chelyabinsk, 
Russia (Shishkoedova, 2010). Fossil records derive from Holocene deposits of the Aral Sea (Filippov 
& Riedel, 2009).

 
Subfamily Pyrgulinae Brusina, 1882
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1882 Pyrgulinae Brusina: 230.
1914 Micromelaniidae B. Dybowski & Grochmalicki: 276.
1915 Turricaspiinae B. Dybowski & Grochmalicki: 103.
2017 Pyrgulinae Brusina, 1882. – Bouchet et al.: 212, 346 [cum syn.].

Discussion. The Caspian Pyrgulinae (sensu lato) encompasses 64 species that are considered 
accepted in the current literature (Vinarski & Kantor 2016). However, most of them are poorly 
known, documented by insufficient descriptions and drawings; for many, the type material has not 
been found (Kantor & Sysoev 2006, Vinarski & Kantor 2016). The extreme morphological variability 
of several representatives, such as those detected in the material from Selitrennoye, led previous 
authors to introduce numerous species based on shells with only minor deviations in shape, size 
or whorl outline. The Caspian Pyrgulinae therefore requires careful revision using molecular and 
anatomical data as far as available.

In addition to the problems associated with distinguishing species, genus-level classification 
is poorly resolved as well. Several attempts have been made to categorize this vast variability, 
and genus concepts have changed tremendously (e.g., B. Dybowski & Grochmalicki 1915, 1917, 
Zhadin 1952, Logvinenko & Starobogatov 1969, Kantor & Sysoev 2006, Vinarski & Kantor 2016). 
Twelve genus names have been described for members of the Caspian Pyrgulinae, based on quite 
different concepts of traits considered diagnostic. Currently, all species are classified within Caspia 
Clessin & W. Dybowski, 1887, Pyrgula De Cristofori and Jan, 1932 and Turricaspia B. Dybowski 
& Grochmalicki, 1915 (Kantor & Sysoev 2006, Vinarski & Kantor 2016). This scheme unites quite 
a variety of different morphologies under the same genus names, while at the same time similar 
species were assigned to different genera (e.g., Kantor & Sysoev 2006). Unfortunately, hardly any 
previous study provided explanations for their genus classifications or systematic concepts in 
general.

A thorough revision of all Caspian Pyrgulinae is beyond the scope of this study, but we discuss 
and revise the concepts that have been applied to the species studied herein.

Vinarski & Kantor (2016) listed 38 species of the genus Pyrgula for the Caspian Sea. The type 
species of Pyrgula De Cristofori & Jan, 1832, P. annulata (Linnaeus, 1758), lives in freshwater 
lakes and springs in Italy and Dalmatia (Welter-Schultes 2012). Shell morphology, anatomy 
and protoconch characteristics are very similar to Pontocaspian Pyrgulinae, e.g., some species of 
Turricaspia (compare also discussion in Riedel et al. 2001). However, molecular evidence suggests 
that Pyrgula annulata is only distantly related to the Pontocaspian species flock within the 
Pyrgulinae, with the last common ancestor dating back to the late Miocene (Wilke et al., 2007). 
Therefore, Pontocaspian species should not be attributed to Pyrgula, despite apparent morphological 
congruence, especially of some of the keeled Pontocaspian Pyrgulinae. A separation on subfamily 
level as proposed by B. Dybowski and Grochmalicki (1915) is opposed by the latest phylogeny of 
rissooidean gastropods, which suggests a rather close relationship (Wilke et al., 2013).

156

Chapter 4



Turricaspia B. Dybowski & Grochmalicki, 1915 (type species: Micromelania turricula B. 
Dybowski & Grochmalicki, 1915) was introduced for species with turriform, elongate shells with 
numerous whorls. Presently, the genus includes 22 Caspian species, encompassing elongate and 
broad, conical and ovoid, and sculptured and smooth species (Kantor & Sysoev 2006, Vinarski & 
Kantor 2016). Many species assigned to Pyrgula by Kantor & Sysoev (2006) and Vinarski & Kantor 
(2016) actually resemble Turricaspia turricula with respect to the turriform, conical shell. This 
similarity also regards the type species of the genera Caspiopyrgula Logvinenko & Starobogatov, 
1969 (type species: Turricaspia nossovi Kolesnikov, 1947), Eurycaspia Logvinenko & Starobogatov, 
1969 (Micromelania pseudodimidiata B. Dybowski & Grochmalicki, 1917), Oxypyrgula Logvinenko 
& Starobogatov, 1969 (Pyrgula pseudospica Logvinenko & Starobogatov, 1969), and Trachycaspia 
B. Dybowski & Grochmalicki, 1917 (Rissoa dimidiata Eichwald, 1838). After examination of 
descriptions and illustrations of the type species (e.g., Kantor & Sysoev 2006), we conclude that 
these genera should be considered as junior synonyms of Turricaspia.

Some of the species classified as Turricaspia by Kantor & Sysoev (2006) and Vinarski & Kantor 
(2016) differ considerably from Turricaspia s.s. in shell shape. This contains the type species of the 
genera Caspiella Thiele, 1928 (Rissoa conus Eichwald, 1838), Clessiniola Lindholm, 1924 (Paludina 
variabilis Eichwald, 1838), and Laevicaspia B. Dybowski & Grochmalicki, 1917 (Rissoa caspia 
Eichwald, 1838). In turn, some species presently attributed to the genus Euxinipyrgula Sitnikova 
& Starobogatov, 1999 (type species: Pyrgula milachevitchi Golikov & Starobogatov, 1966) closely 
resemble species of the Laevicaspia – Caspiella group (compare Anistratenko et al. 2011).

Based on a review of the Pontocaspian species formerly attributed to these genera and illustrated 
in the literature (Alexenko and Starobogatov, 1987; Anistratenko, 2008; Golikov and Starobogatov, 
1966; Kantor and Sysoev, 2006; Logvinenko and Starobogatov, 1969), we propose to distinguish the 
genera Clessiniola and Laevicaspia from Turricaspia, and to treat Caspiella and Euxinipyrgula as 
junior synonyms of Laevicaspia.

Clessiniola species can be easily distinguished from species attributed to other genera based 
on their broad shells with a large body whorl and aperture. The situation for the Laevicaspia – 
Caspiella – Euxinipyrgula is more difficult. The three type species (see above) share the ovoid shape 
with cyrtoconoid spire, the high whorl accretion rate, the shape, inclination, lateral sinuation and 
thickening of the aperture, and the extent and sculpture of the protoconch (e.g., Anistratenko 
2008, Kantor and Sysoev 2006, and this study). The only differences are shell size and whorl 
convexity, which we do not consider sufficient to distinguish genera. The adapical thickening 
of the aperture resulting from downward growing of the shell in late ontogeny as stated in the 
diagnosis of the genus Euxinipyrgula by Sitnikova & Starobogatov (1999) is also shown for 
species that have been attributed to Caspiella (see below). The features of the soft-part anatomy 
considered diagnostic by these authors need to be rechecked and compared to live material from 
the Caspian Sea to reevaluate the position of Euxinipyrgula. Sitnikova & Starobogatov (1999) also 
discussed the similarities between Caspiella and Euxinipyrgula, concluding that Caspiella should 
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perhaps be included in the genus Euxinipyrgula, possibly as a separate subgenus (which would be 
nomenclaturally invalid however).

The ovoid shape, lateral sinuation and thickening of the aperture typical for the Laevicaspia – 
Caspiella – Euxinipyrgula group are also found among species of the genus Prososthenia Neumayr, 
1869 from the middle Miocene of the Dinaride Lake System (e.g., Neubauer et al. 2015b). These 
species, however, differ in the granulate protoconch making up less than one whorl.

Species of Turricaspia differ from Laevicaspia in the slower, regular whorl accretion, producing 
a conical spire and a higher number of whorls at the same size. In addition, Turricaspia species have 
usually more fragile shells, thinner peristomes and often more strongly sinuate growth lines.

The genus Caspia is listed among Pyrgulinae in latest catalogues (Kantor & Sysoev 2006, 
Vinarski & Kantor 2016), but it has been shown to be unrelated to that subfamily (Anistratenko 
2013, Bouchet et al. 2017; see discussion of the Caspiinae above).

Finally, several Pontocaspian Pyrgulinae have been previously assigned to the genus 
Micromelania Brusina, 1874 (e.g., W. Dybowski 1887, B. Dybowski & Grochmalicki 1917). Its type 
species, Micromelania cerithiopsis Brusina, 1874 (subsequent designation by Dollfus, 1912), derives 
from late Miocene deposits of Lake Pannon. It differs considerably from Pontocaspian Pyrgulinae 
regarding the presence of 2-4 noded keels and the small size (4.5 x 1.33 mm after Brusina, 1874) 
compared to the rather high number of eight whorls.

Genus Clessiniola Lindholm, 1924

1887 Clessinia W. Dybowski: 41 [non Doering, 1875].
1924 Clessiniola Lindholm: 32-33, 34.
1928 Clessinola Strand: 68 [junior objective synonym of Clessiniola].

Type species. Paludina variabilis Eichwald, 1838; by typification of replaced name (Clessinia W. 
Dybowski, 1887). Volga delta and Caspian Sea, Quaternary to Recent.

Clessiniola variabilis (Eichwald, 1838)
 Fig. 4.7A-I

* 1838 Paludina variabilis m.; Eichwald: 151-152.
1841 Paludina variabilis m. – Eichwald: 253-254, pl. 38, figs 6-7.
1853 Pal.[udina] variabilis m. – Eichwald: 285.
1887 Clessinia variabilis Eichw. sp. – W. Dybowski: 41-42.
1888 [Clessinia] variabilis Eichw. sp. – W. Dybowski: 79, pl. 2, fig. 6.
1952 Clessiniola variabilis (Eichwald, 1841). – Zhadin: 255, fig. 199.
1966 P.[yrgula] (Clessiniola) variabilis. – Golikov & Starobogatov: 356, fig. 2 (2).
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1969 Pyrgula [(Clessiniola)] variabilis (Eichw.) – Logvinenko & Starobogatov: 377, fig. 367 (1).
1987 T.[urricaspia] variabilis (Eichw.). – Alexenko & Starobogatov: 34, fig. 5.
2006 Turricaspia variabilis (Eichwald, 1838). – Kantor & Sysoev: 111, pl. 49, fig. J.
2011 Turricaspia variabilis (Eichwald, 1838). – Anistratenko et al.: 85, fig. 3 (15).
2014 Turricaspia variabilis. – Taviani et al.: 4, fig. 3b.
2016 Turricaspia variabilis (Eichwald, 1838). – Vinarski & Kantor: 251.

Material. 4867 specimens (RGM 1309815, RGM 1309826, RGM 1309827, RGM 1309831, RGM 
1310243-1310247, LV 201507).

Type material. Not traced.
Type locality. “In Volgae ostio prope Astrachanum, et versus mare Caspium; etiam fossili in 

calcatio lapide conglutinato recentissimo Dagesthanici littoris” (at the Volga river mouth near 
Astrakhan, and towards the Caspian Sea; also in recently lithified fossil limestone at the shores of 
Dagestan).

Dimensions. 5.91 x 3.31 mm (LV 201507, Figs 4.7A-C); 6.31 x 3.59 mm (RGM 1310246, Fig. 
4.7D); 4.60 x 2.35 mm (RGM 1310245, Fig. 4.7E); 6.08 x 3.18 mm (RGM 1310243, Figs 4.7F-H); 6.85 
x 3.89 mm (RGM 1310244).

Description. Broadly drop-shaped to rarely conical shell of up to six whorls. Protoconch 
insufficiently preserved to specify extent and surface sculpture; P/T transition indistinct; first whorl 
measures ca. 340 µm in diameter. Teleoconch whorls moderately and regularly convex; sometimes, 
spire is very faintly stepped; suture narrow. In many specimens, shells start to grow stronger in 
abapical direction in course of last (two) whorl(s), producing non-parallel suture and relatively 
higher penultimate whorl. Rarely, forms with comparatively slender shape and regularly increasing 
whorls (and thus relatively smaller last and penultimate whorls) occur. Both types are linked via 
intermediates. Aperture regularly ovoid, inclined; inner lip glossy, weakly to sometimes more 
prominently thickened; strongly adnate, sheet-like expanded over base of penultimate whorl and 
columella, rarely leaving very narrow umbilicus; broad, shallow spout occurs at transition between 
columella and base; outer lip mainly thin, sometimes weakly thickened at anterior notch. Growth 
lines very faint, with prosocline upper third and near orthocline lower two-thirds.

Discussion. This species displays a large morphological variability within our ample material. 
Shell shape ranges between slender conical to broadly ovoid, sometimes with weakly irregular 
growth. Likewise, shell size, whorl convexity, and number of whorls vary considerably. Yet, these 
features intergrade without clear boundary, rendering a distinction of species unreasonable.

The morphological variability is not restricted to our material but a general feature of 
Clessiniola. It was documented by several previous authors, partly for specimens from the same 
localities (e.g., Alexenko and Starobogatov, 1987; Anistratenko et al., 2011; Dybowski, 1887; 
Eichwald, 1838; Golikov and Starobogatov, 1966; Issel, 1865; Logvinenko and Starobogatov, 1969). 
The species concepts applied by the different authors, however, varied greatly. The present material 
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includes shells that have been variably attributed to the species C. variabilis (Eichwald, 1838), C. 
triton (Eichwald, 1838) and C. martensii (Clessin & W. Dybowski in W. Dybowski, 1887). The triton-
morphotype sensu Eichwald characterizes broad specimens with slightly detached aperture (see also 
Kantor & Sysoev 2006); these forms are rarely represented in our material. Eichwald (1838, 1841) 
himself confirmed the rarity of the form, also stating that he did not find a living representative 
(in contrast to C. variabilis). The martensii-morphotype was introduced for similarly broad 
morphologies. (Note that Clessin & W. Dybowski used a different concept of C. triton, there having a 
rather elongate conical shell.)

Because of the fluent morphological transition between forms traditionally referred to as 
C. variabilis, C. triton and C. martensii, as well as their joint occurrence in several localities in 
the Pontocaspian region, one might consider all of them synonymous. Personal observations on 
Holocene material from Dagestan area, however, indicate indeed distinguishable morphotypes 
without intermediates. Moreover, frequent shell repair found in most of the Selitrennoye 
specimens additionally complicates an unbiased view on morphological diversity. A more in-depth 
investigation comparing un-damaged material from different sites is thus required.

Given the large variability, the Caspian species Clessiniola ovum (Logvinenko & Starobogatov, 
1969) and C. trivialis (Logvinenko & Starobogatov, 1969), as well as C. pseudotriton (Golikov & 
Starobogatov, 1966) from the Dniester River mouth (compare Kantor & Sysoev 2006), might too be 
considered as synonyms of C. variabilis. However, the original descriptions and drawings provided 
impede clarification of their statuses.

Clessinia ahngeri Westerlund, 1902 is often listed as junior synonym of C. variabilis, but 
without discussion (e.g., Logvinenko & Starobogatov 1969, Vinarski & Kantor 2016). The original 
description of C. ahngeri suggests close similarities indeed between both species claiming, however, 
that it differs from other congeners in the much larger spire (11 x 5 mm) and the slightly sinuate 
outer lip. Examination of Westerlund’s (1902b) material is required to ascertain the alleged 
synonymy.

The record of “Paludina Eichwaldi Kryn.” Eichwald (1841) lists in synonymy of C. variabilis 
refers to a nomen nudum mentioned in a species list by Krynicki (1837).

Distribution. Endemic to the Pontocaspian region. Found in the Caspian Sea and the lower 
courses of rivers and freshwater parts of the Azov and Black seas (Anistratenko et al., 2011; Vinarski 
and Kantor, 2016). Also reported from Neoeuxinian (Late Pleistocene) deposits of the Marmara Sea 
(Taviani et al. 2014).

Genus Laevicaspia B. Dybowski & Grochmalicki, 1917

? 1902a Thaumasia Westerlund: 104 [non Perty, 1833; non Albers, 1850].
1917 Laevicaspia B. Dybowski & Grochmalicki: 5.
1928 Caspiella Thiele: 353, 381.
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1999 Euxinipyrgula Sitnikova & Starobogatov: 158, 162.

Type species. Rissoa caspia Eichwald, 1838; by subsequent designation by Logvinenko & 
Starobogatov (1969). Caspian Sea, Pleistocene.

Discussion. Lindholm (1922) studied the type material of Buliminus goebeli Westerlund, 1896 
from Mangyschlak (Mangystau Peninsula, Kazakhstan) and concluded that is a junior synonym 
of “Micromelania” caspia (Eichwald, 1838). Westerlund (1902a), considering Buliminus goebeli as a 
member of terrestrial “Bulimoidea” (= Enidae), introduced the new genus Thaumasia, which – given 
synonymy of the type species involved – would take precedence over Laevicaspia B. Dybowski 
& Grochmalicki, 1917. However, Thaumasia Westerlund, 1902 is invalid as a junior homonym of 
Thaumasia Perty, 1833 (Arachnida) and Thaumasia Albers, 1850 (Gastropoda, Subulinidae) (see 
also Lindholm (1925).

Laevicaspia caspia (Eichwald, 1838)
 Fig. 4.8A-K

Fig. 4.7: Pyrgulinae. A-C Clessiniola variabilis (Eichwald, 1838), LV 201507, broad morphotype D C. variabilis, 

RGM 1310246, broad morphotype E C. variabilis, RGM 1310245, slender morphotype F-H C. variabilis, RGM 

1310243, slender morphotype I C. variabilis, RGM 1309827.
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* 1838 Rissoa caspia m.; Eichwald: 154-155.
1841 Rissoa caspia – Eichwald: 256-257, pl. 38, figs 14-15.
1853 Riss.[oa] caspia m. – Eichwald: 273.
non 1876 Hydrobia caspia, Eichw. – Grimm: 150-153, pl. 6, fig. 15.
non 1877 Hydrobia caspia, Eichw. – Grimm: 79-80, pl. 7, figs 3a-d.
non 1887 Micromelania caspia Eichw. sp. – W. Dybowski: 21.
non 1888 Micr.[omelania] caspia Eichw. sp. – W. Dybowski: 78, pl. 1, fig. 1.
? 1896 B.[uliminus] (Napaeus?) goebeli Westerlund: 188.
1914 Micromelania (?) curta Nalivkin: 21-22, 31, pl. 6, figs 1-2 [partim; non figs 3-4, 7, 9-14].
1914 [Micromelania (?) curta] var. plano-convexa Nalivkin: 22, 31, pl. 6, figs 15-18.
non 1914 Micromelania caspia Eichw. – Nalivkin: 22, 31, pl. 6, figs 5-6 [partim; non fig. 8].
non 1917 Micromelania (Turricaspia, Laevicaspia) caspia Eichw. – B. Dybowski & Grochmalicki: 
 5-8, 36-38, pl. 1, figs 1-3.
non 1969 Pyrgula caspia (Eichw.). – Logvinenko & Starobogatov: 369-370, fig. 364 (1).
1987 T.[urricaspia] caspia (Eichw.). – Alexenko & Starobogatov: 33, fig. 2.
2006 Turricaspia caspia (Eichwald, 1838). – Kantor & Sysoev: 106, pl. 49, fig. M.
2014 Euxinipyrgula lincta. – Taviani et al.: 4, fig. 3c [non Micromelania lincta Milashevich, 1908].
2016 Turricaspia caspia (Eichwald, 1838). – Vinarski & Kantor: 246.

Material. 300 specimens (RGM 1309788, RGM 1309789, 1309797, RGM 1309798, RGM 1310196, 
RGM 1310257, RGM 1310258, LV 201511).

Type material. Lectotype: ZIN (No. 1 in systematic catalogue), designated by Alexenko & 
Starobogatov (1987).

Type locality. “In eodem lapide calcario Dagesthanico, fossilis” (in the same limestone of 
Dagestan [referring to the previous species, also found in Dagestan], fossil).

Dimensions. 9.01 x 3.31 mm (RGM 1310257, Figs 4.8A-C); 7.88 x 3.31 mm (RGM 1310258, 
Figs 4.8D-F); 10.33 x 3.92 mm (LV 201511, Figs 4.8I-K); 9.92 x 3.83 mm; 10.21 x 3.88 mm; 9.52 x 
3.54 mm; 9.69 x 3.61 mm.

Description. Large, slender ovoid shell comprising up to 8.3 whorls. Protoconch large, 
measuring 535-600 µm at 1.15-1.2 whorls, with initial part inflated; nucleus almost immersed, 190-
230 µm wide; nucleus and early protoconch bear intentions of malleate sculpture, which passes into 
granular surface after half a whorl accompanied by onset of spiral striae; P/T boundary indistinct. 
Whorl convexity decreasing rapidly: first teleoconch whorl moderately convex, second to last whorl 
low convex, sometimes almost straight-sided; maximum convexity is in lower half; whorls closely 
attached, suture narrow; a very small but marked convexity appears at upper suture, producing a 
faintly stepped spire; occasionally, it is accompanied by shallow abapical concavity. Last whorl 
makes up 46-50% of shell height, passing over regular but weakly convex to near straight-sided to 
slightly concave base. Aperture slender ovoid, inclined, closely attached to preceding whorl; in latest 
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ontogeny, shell growth is more abapically directed, resulting in marked thickening at adapical tip. 
Peristome simple, thin, slightly expanded and indented at base; distinctly and regularly sigmoidal in 
lateral view, with upper half broadly indented and lower half broadly protruding; inner lip protrudes 
in lateral view, extending sheet-like over base of penultimate whorl; umbilicus mostly closed, rarely 
very narrow, slit-like. Growth lines weakly sigmoidal: strongly prosocline in upper half, weakly 
opisthocline in lower half. Several specimens show faint spiral threads on last and penultimate 
whorls.

Discussion. Different concepts of this species previously applied have led to considerable 
confusion about its real identity. This is partly rooted in the description and illustration provided 
by Eichwald (1838, 1841) that were insufficient to allow safe discrimination from similar species. 
For instance, Micromelania caspia sensu Grimm (1876, 1877), W. Dybowski (1887-1888) and 
B. Dybowski & Grochmalicki (1917) differs from the present species in the acute apex, the 
moderately convex whorls, the deep suture and the thin peristome. As already noted by Alexenko & 
Starobogatov (1987), it represents a different species, i.e., Laevicaspia lincta (Milaschewitch, 1908). 
That species was described from Lake Katlabukh near the Danube delta in Ukraine (lectotype, 
which matches Milashevich’s description, is illustrated in Kantor & Sysoev 2006: 95, pl. 45, fig. D; 
as Euxinipyrgula lincta). Specimens from the Neoeuxinian (Late Pleistocene) of the Marmara Sea 
identified as E. cf. lincta by Taviani et al. (2014) differ from that species in the near straight-sided 
whorls and thickened peristome; in fact, the material corresponds well to L. caspia.

Micromelania caspia sensu Nalivkin (1914) comprises at least two species, both being more 
elongate, having more whorls and relatively smaller last whorls than L. caspia. In turn, some of the 
illustrated syntypes of “Micromelania” curta Nalivkin, 1914 and the variety “Micromelania” curta var. 
planoconvexa Nalivkin, 1914 from Bakunian deposits of Shikhovo, Apsheron Peninsula, Azerbaijan, 
closely resemble the present species and are thus (partly) considered synonymous. “Micromelania” 
curta encompasses a great variability of shapes, ranging from slender, elongate (caspia-type) to 
broad, conical shells. Since no holotype or lectotype have been designated, the status of this species 
is unresolved at present. Note that Pyrgula curta sensu Logvinenko & Starobogatov (1969) and 
Kantor & Sysoev (2006) does not correspond to Nalivkin’s species but rather to the specimens 
Nalivkin (1914) misidentified as Micromelania caspia.

Similarly, Pyrgula caspia sensu Logvinenko & Starobogatov (1969) is a quite different species, 
showing highly convex whorls and an inflated last whorl. It rather ranges within the morphological 
variability of Turricaspia meneghiniana (see below).

Alexenko & Starobogatov (1987) finally brought stability to the identity of L. caspia by 
designating a lectotype (see Kantor & Sysoev 2006: 106, pl. 49, fig. A; as Turricaspia caspia), which 
matches well our specimens. The label accompanying their specimen reads “Kaspiyskoye more” 
(“Caspian Sea”), which differs from the information provided by Eichwald (Dagestan) (see also 
discussion in Vinarski & Kantor 2016: 246). Inspection of the catalogue of the Zoological Institute, 
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Russian Academy of Sciences, St. Petersburg (ZIN), however, confirmed that the lectotype is based 
on Eichwald’s original material.

The similar Laevicaspia iljinae (Golikov & Starobogatov, 1966) from Holocene deposits of the 
Crimean Peninsula can be distinguished in its slenderer shape and the spruce-like whorl outline 
(i.e., steep, straight-sided upper two-thirds passing over convexity into flatter, convex lower third; 
see also Kantor & Sysoev 2006: 108, pl. 49, fig. D).

Distribution. Endemic to the Caspian Sea (Logvinenko & Starobogatov 1969 stated that the 
species occurs at a depth of 30-150 m in the middle and southern Caspian Sea, but these data have 
to be revised given their incorrect concept of L. caspia).

Fig. 4.8: Pyrgulinae. A-C Laevicaspia caspia (Eichwald, 1838), RGM 1310257 D-F L. caspia, RGM 1310258 G L. 

caspia, RGM 1310197 H L. caspia, RGM 1310198 I-K L. caspia, LV 201511.
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Laevicaspia cincta (Abich, 1859) comb. n.
 Fig. 4.9A-H

* 1859 Rissoa cincta; Abich: 57, pl. 2, fig. 6.
? 1887 Caspia Orthii Clessin & W. Dybowski in W. Dybowski: 40.
? 1888 [Caspia] Orthii n. sp. – W. Dybowski: 79, pl. 3, fig. 6.
1969 Pyrgula [(Caspiella)] cincta (Abich). – Logvinenko & Starobogatov: 372, fig. 366 (4).
2006 Pyrgula cincta (Abich, 1859). – Kantor & Sysoev: 98, pl. 47, fig. L.
2016 Pyrgula cincta (Abich, 1859). – Vinarski & Kantor: 236.

Material. 174 specimens (RGM 1309806, RGM 1309807, RGM 1310200, LV 201514).
Type material. Not traced.
Type locality. Abich (1859) specified the type locality on p. 12-13 as “Gulf of Baku”.
Dimensions. 3.83 x 1.93 mm (LV 201514, Figs 4.9A, B); 4.05 x 1.89 mm (RGM 1309807, Figs 

4.9C-E); 4.41 x 2.10 mm (RGM 1309806, Figs 4.9F-H); 4.73 x 2.11 mm; 4.59 x 2.10 mm; 4.58 x 2.17 
mm.

Description. Slender ovoid shell with up to 6.5 whorls. Protoconch broad, low dome-shaped, 
consists of 1.2 whorls that measure 415 µm in diameter, with slightly inflated initial part; nucleus 
150 µm wide; protoconch surface weakly granulate, with intentions of striae on second half; P/T 
transition distinct, formed by sharp, thin axial line. Whorl convexity decreases steadily during 
ontogeny, with early teleoconch whorls being moderately convex and penultimate and last whorl 
low convex to almost straight-sided. On third teleoconch whorl, weak subsutural band emerges that 
slightly enhances during ontogeny; band forms weak bulge throughout, with maximum convexity 
in its lower half and steep, almost straight-sided ramp in upper half; abapical demarcation clear, 
sometimes accompanied by thin groove. Last whorl attains 54-65% of shell height, passing from 
flattened whorl flank over marked convexity into steep, straight-sided base. Aperture near drop-
shaped, inclined, with acute adapical angle, straight parietal margin, obtuse angle between parietal 
and columellar margins, sometimes slightly expanded palatal margin. Peristome not thickened, 
weakly expanded at columella and base; regularly sinuate in lateral view, with broad adapical 
indentation and about equally broad and high abapical protrusion. Umbilicus closed or very narrow. 
Growth lines weakly prosocline in upper half, near orthocline in lower half.

Discussion. The Selitrennoye specimens match with the original description in terms of size 
(shell height: 3-4 mm), the ovoid shell shape, the number of whorls, the rounded last whorl and 
the simple peristome margin; they differ in the expression of the subsutural band, which Abich 
indicated to be “weakly keeled”. We consider these differences to range within the intraspecific 
variability of this species.

Laevicaspia cincta can be readily distinguished from other Pontocaspian Pyrgulinae by its 
ovoid, slightly stepped shell with broad, blunt apex, subsutural band and flattened whorls in later 

165

caspian sea: selitrennoye gastropods



Fig. 4.9: Pyrgulinae. A, B Laevicaspia cincta (Abich, 1859), LV 201514 C-E L. cincta, RGM 1309807 F-H L. 

cincta, RGM 1309806 I, J L. cincta, RGM 1309830 K Laevicaspia conus (Eichwald, 1838), LV 201515 L-O L. 

conus, RGM 1309829 P L. conus, RGM 1309828.
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ontogeny. Laevicaspia abichi (Logvinenko & Starobogatov, 1969) from the middle Caspian Sea, 
differs in the much larger size (6.8 x 3 mm), the conical shape, the narrower subsutural band and 
the larger aperture. The Caspian endemic species Laevicaspia kowalewskii (Clessin & W. Dybowski 
in W. Dybowski, 1887) resembles L. cincta very closely in terms of the slender ovoid shape with near 
straight-sided whorls, the closely attached aperture with thin peristome, and the lacking umbilicus; 
it differs in the lack of a subsutural band and the more elongate shape.

Caspia orthii Clessin & W. Dybowski in W. Dybowski, 1887 was synonymized with the present 
species by previous authors (e.g., Logvinenko & Starobogatov 1969, Kantor & Sysoev 2006, Vinarski 
& Kantor 2016). The original description matches well our specimens in terms of size (4.8 x 1.9 
mm), number of whorls, expression of the subsutural band and shape of the aperture; the only 
difference is the “elongated-conical” shape compared to the ovoid shells of L. cincta described by 
Abich (1859) and represent by our material. Although not having seen W. Dybowski’s type material, 
we tentatively follow the previous assessment and consider Caspia orthii a junior synonym of 
Laevicaspia cincta.

Note that Rissoa cincta Deshayes, 1861 (p. 404, pl. 24, figs 4-6), described from the Eocene 
(Bartonian) of the Paris basin, is a junior primary homonym of this species. At present, this species 
is classified in the genus Pseudotaphrus Cossmann, 1888 (Ponder 1984: 96).

Distribution. Endemic to the Caspian Sea, in the southern part at a depth of up to >250 m (Parr 
et al., 2007). 2007).

Laevicaspia conus (Eichwald, 1838) comb. n.
 Fig. 4.9I-P

* 1838 Rissoa Conus m.; Eichwald: 155.
1841 Rissoa Conus m. – Eichwald: 257, pl. 38, figs 16a-b [wrongly given as “figs 16-17” on p. 257; 
 see also corrigendum at the end of Eichwald’s work].
1853 Riss.[oa] conus m. – Eichwald: 273.
non 1876 Eulima conus, Eichw?. – Grimm: 154-156, pl. 6, fig. 14.
1887 Nematurella conus Eichw. sp. (non Grimm). – W. Dybowski: 45.
1888 [Nematurella] conus Eichw. sp. – W. Dybowski: 78, pl. 2, fig. 3.
? 1896 Prosostenia [sic] conus Eichw. – Sinzov: 49-50, pl. 1, figs 30-33.
1926?Nematurella conus (Eichwald). – Wenz: 2007.
1952 Caspiella conus (Eichwald, 1841). – Zhadin: 259, fig. 211.
1969 Pyrgula [(Caspiella)] conus (Eichw). – Logvinenko & Starobogatov: 374, fig. 366 (5-6).
non 2006 Turricaspia conus conus (Eichwald, 1838). – Kantor & Sysoev: 106, pl. 48, fig. J.
2016 Turricaspia conus conus (Eichwald, 1838). – Vinarski & Kantor: 246-247.
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Material. 1135 specimens (RGM 1309828, RGM 1309829, RGM 1309830, RGM 1310199, RGM 
1310226-1310228, LV 201515).

Type material. Not traced.
Type locality. “In eodem lapide calcareo, fossilis” (in the same limestone [referring to previous 

species, found in Dagestan], fossil).
Dimensions. 5.14 x 2.19 mm (RGM 1309830, Figs 4.9I, J); 4.60 x 2.18 mm (LV 201515, Fig. 

4.9K); 4.02 x 1.91 mm (RGM 1309829, Figs 4.9L-O); 3.87 x 1.87 mm (RGM 1309828, Fig. 4.9P); 4.60 
x 2.23 mm (RGM 1310226); 5.12 x 2.37 mm (RGM 1310227); 4.17 x 2.14 mm (RGM 1310228).

Description. Ovoid, glossy shell with up to 6.8 whorls. Shell outline variable, depending 
on growth stage: shells with up to 5 whorls are rather broad, nearly conical; in late ontogeny, 
shell growth is directed adapically, producing more elongate shapes with narrow, high last whorl; 
sometimes, these slender elongate morphotypes have slightly irregular shape. Protoconch consists 
of 1.2 whorls with 355 µm in diameter; nucleus almost immersed, 125 µm wide; surface faintly 
malleate or granulate, with intentions of spiral sculpture detected in some specimens; P/T boundary 
very distinct, marked by sharp, thin axial line. Teleoconch whorls weakly to moderately convex, 
sometimes adapically flattened. Last whorl attains between 55-63% of total height, grades into 
straight-sided or weakly convex base. Aperture drop-shaped, inclined, closely attached to base of 
preceding whorl, usually covering or rarely leaving slit-like umbilicus. Peristome slightly expanded, 
thin or thickened all around, especially at adapical tip; regularly sinuate in lateral view, with broad 
adapical indentation and about equally broad and high abapical protrusion. Growth lines weak, 
prosocline in upper half, orthocline in lower half.

Discussion. Logvinenko & Starobogatov (1969) listed “Rissoa conus Eichwald, 1841, partim” 
in synonymy of Pyrgula kolesnikoviana Logvinenko & Starobogatov in Golikov & Starobogatov, 
1966 (now classified in Laevicaspia; see below), but without any explanation. The synonymy list was 
expanded as “Rissoa conus sensu Eichwald, 1841, partim, non Eichwald, 1838” by Kantor & Sysoev 
(2006) and Vinarski & Kantor (2016), yet again without discussion. The synonymy is not mentioned 
in the original description of Laevicaspia kolesnikoviana in Golikov & Starobogatov (1966). Very 
likely, the synonymy roots in the ambiguous description of Eichwald (1838, 1841), summarizing two 
different morphologies. Eichwald referred to the typical form as having a conical shell with seven, 
gently increasing whorls, whereas the last two are much broader; the size was indicated as 2 x 1 
lin., which corresponds to 4.2 x 2.1 mm (given Eichwald used the Russian liniya). In addition, he 
mentioned rarer, slightly longer (3 lin.) specimens, with deeper suture and straight-sided whorls. In 
1841, Eichwald illustrated one of these rare specimens. The description in the 1841-work, however, 
is almost identical to the original description. In this light, it remains unclear why Kantor & Sysoev 
(2006) and Vinarski & Kantor (2016) referred to as “Rissoa conus sensu Eichwald, 1841, partim, non 
Eichwald, 1838” in their synonymy lists of L. kolesnikoviana. To complete confusion, the specimen 
illustrated in Kantor & Sysoev (2006) is not L. conus, differing in the broad, blunt apex and the near 
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straight-sided whorls; it rather resembles L. kowalewskii (Clessin & W. Dybowski in W. Dybowski, 
1887).

The holotype of L. kolesnikoviana illustrated by Kantor & Sysoev (2006, pl. 47, fig. N) 
corresponds to the description and illustration of the rare, slender morphology of Laevicaspia 
conus sensu Eichwald in terms of the number of whorls and the near straight-sided whorls; it differs 
only in the considerably smaller size (3.7 mm vs. 6.3 mm). Yet, Golikov & Starobogatov (1966) 
and Logvinenko & Starobogatov (1969) indicate larger sizes for L. kolesnikoviana (5.5 mm and 6.5 
mm, respectively), suggesting a great variability in size. On the other hand, the two morphologies 
delineated by Eichwald also match our own observations on L. conus. In late ontogeny, growth is 
directed almost entirely abapically, resulting in more elongate shells with an additional whorl. These 
larger morphologies correspond completely to the smaller, relatively bulkier shells in all other 
aspects, which is why we consider them as morphotypes rather than species-group taxa. Without 
Eichwald’s material at hand it is difficult to arrive at a conclusion on this matter.

The species has affinities with several representatives of the Azov and Black seas. Pyrgula 
(Caspiella) lindholmiana Golikov & Starobogatov, 1966, today considered as a subspecies of L. conus 
(e.g., Vinarski & Kantor 2016), has a larger and broader shell. Similarly, Laevicaspia milachevitchi 
(Golikov & Starobogatov, 1966) and Laevicaspia boltovskoji (Golikov & Starobogatov, 1966) are 
broader than L. conus, while Laevicaspia lincta (Milaschewitch, 1908) and Laevicaspia limanica 
(Golikov & Starobogatov, 1966) are more slender and larger.

“Eulima conus Eichwald” as described and illustrated by Grimm (1876, 1877) has little 
resemblance to actual L. conus. He illustrated a very elongate, conical shell with many more and 
almost perfectly straight-sided whorls. This fact was already noticed by Clessin & W. Dybowski a 
few years later, and they introduced Micromelania grimmi Clessin & W. Dybowski in W. Dybowski, 
1887 for the misidentified species.

The illustrations of specimens from the Kuyalnikian (late Pliocene to early Pleistocene) of the 
Odessa region identified as Prososthenia conus by Sinzov (1896) show shells with similar shape, 
proportions and whorl convexity. A more detailed examination of material from the region is 
required to assess whether it is indeed conspecific with L. conus.

Distribution. Endemic to the Caspian Sea, reported from depths between 0 and 120 m 
(Logvinenko & Starobogatov 1969).

Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & Starobogatov, 1966) 
comb. n.
 Fig. 4.10A-E, K, N

* 1966 P.[yrgula] (Caspiella) kolesnikoviana Logvinenko et Starobogatov; Golikov & Starobogatov:  
 357, fig. 2 (8-9).
1969 Pyrgula [(Caspiella)] kolesnikoviana Logv. et Star. – Logvinenko & Starobogatov: 372, 
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Fig. 4.10: Pyrgulinae. A-C, K Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & 

Starobogatov, 1966), RGM 1309816 D L. kolesnikoviana, LV 201516 E, N L. kolesnikoviana, RGM 1309819 F, G 

Laevicaspia vinarskii sp. n., holotype, LV 201517 H, O L. vinarskii sp. n., RGM paratype, 1309805 I, J, L, M L. 

vinarskii sp. n., paratype, RGM 1309821.
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 fig. 366 (1).
2006 Pyrgula kolesnikoviana Logvinenko et Starobogatov in Golikov et Starobogatov, 1966. – Kantor  
 & Sysoev: 100, pl. 47, fig. N.
2016 Pyrgula kolesnikoviana Logvinenko et Starobogatov in Golikov et Starobogatov, 1966. – 
 Vinarski & Kantor: 239.

Material. 514 specimens (RGM 1309816, RGM 1309818, RGM 1309819, RGM 1310212, RGM 
1310221-1310225, LV 201516).

Type material. Holotype: ZIN 4462/1.
Type locality. Caspian Sea, N of Apsheron peninsula, NW from Kamni Dva Brata Island, 

40°47’N, 49°42’E, 30 m (Vinarski & Kantor 2016).
Dimensions. 3.55 x 1.63 mm (RGM 1309816, Figs 4.10A-C, K); 3.59 x 1.67 mm (LV 201516, Fig. 

4.10D); 3.95 x 1.82 mm (RGM 1309819, Figs 4.10E, N); 3.90 x 1.77 mm (RGM 1309818); 4.04 x 1.96 
mm (RGM 1310222); 4.49 x 1.99 mm (RGM 1310223); 3.54 x 1.72 mm (RGM 1310224).

Description. Small, slender ovoid, shiny shell with up to 6.9 whorls. Protoconch consists of 
1.2 whorls, measuring 355 µm in diameter; nucleus rather long, ca. 130 µm wide; surface finely 
granulate (maybe due to preservation; traces of finely malleate to irregularly striate pattern occurs 
on margins of nucleus and initial part); faint striae on last third; P/T boundary distinct. Whorl 
convexity of teleoconch whorls decreasing: first to second whorl moderately to highly convex, 
last whorl low to moderately convex. Faint subsutural band appears on later teleoconch whorls 
in some specimens, sometimes accompanied by weak concavity below. Last whorl attains 50-57% 
of shell height, passing via broad, regular convexity in to weakly convex base. Aperture ovoid, 
inclined, closely attached to preceding whorl; in latest ontogeny, shell growth is more abapically 
directed, resulting in marked thickening at adapical angle. Peristome thin or thickened all around, 
with parietal margin sometimes slightly expanded; weakly but regularly sinuate in lateral view, 
with broad adapical indentation and about equally broad and high abapical protrusion. Umbilicus 
usually closed or very narrow, slit-like. Growth lines weak, prosocline in upper half, orthocline in 
lower half. In addition, faint spiral furrows appear in some specimens.

Discussion. Co-occurring Laevicaspia vinarskii sp. n. differs in the consistently lower whorl 
expansion rate at the same size and the smaller aperture. Laevicaspia kowalewskii (Clessin & W. 
Dybowski in W. Dybowski, 1887) can be distinguished by its broader and larger shell.

Distribution. Endemic to the Caspian Sea, reported from depths between 25 and 180 m 
(Kolesnikov 1947, Logvinenko & Starobogatov 1969).

Laevicaspia vinarskii sp. n.
http://zoobank.org/8399A902-945D-444A-A8AD-136592F8E527
 Fig. 4.10F-J, L-M, O
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Type material. Holotype: LV 201517; 3.70 x 1.72 mm (Figs 4.10F-G). Paratypes: RGM 1309821; 3.34 
x 1.48 mm (Figs 4.10I, J, L, M). RGM 1309805; 3.61 x 1.54 mm (Figs 4.10H, O). LV 201731; 4.14 x 
1.93 mm.

Additional material. 5 specimens (RGM 1309793, LV 201732).
Type locality. Selitrennoye, Astrakhan, Russia; northern Caspian basin; GPS coordinates: 

47°10’21.19”N, 47°26’25.41”E (WGS84).
Age. Early Late Pleistocene (late Khazarian, MIS 5).
Etymology. In honor of Maxim Vinarski (Saint Petersburg State University) for his 

contributions to Malacology.
Diagnosis. Slender ovoid, imperforate shell with up to 6.5 moderately convex whorls, narrow 

suture, granulate-striate protoconch, high whorl expansion rate and small, adnate, inclined aperture.
Description. Slender ovoid shell with up to 6.5 whorls. Protoconch consists of 1.2 whorls 

measuring 375 µm; nucleus is 140 µm wide; surface strongly granulate on nucleus, less so on 
remaining protoconch, striae appear on last 0.25 whorls; P/T transition marked by distinct growth 
rim. Teleoconch whorls moderately convex, separated by narrow suture; whorls increase slowly 
in height, with the last attaining 53-57% of shell height, passing into weakly convex base. Weak 
subsutural band is observed in one specimen. Aperture small, inclined, closely attached to base of 
preceding whorl, leaving no or slit-like umbilicus. Peristome slightly thickened, especially at adapical 
tip; regularly sinuate in lateral view, with broad adapical indentation and about equally broad and 
high abapical protrusion. Distinct spiral furrows occur in well preserved specimens. Growth lines 
weak, prosocline in upper half, orthocline in lower half.

Discussion. The new species differs from co-occurring Laevicaspia kolesnikoviana in the 
higher whorl expansion rate at about the same size and the larger aperture. Laevicaspia? ismailensis 
(Golikov & Starobogatov, 1966) from lakes Yalpug and Kugurlu in the Danube river delta is more 
slender and larger (5.6 mm) at the same number of whorls and has a less inclined, rounder aperture 
(see holotype illustrated by Kantor & Sysoev 2006: pl. 50, fig. A).

Distribution. Endemic to the Caspian Sea Pleistocene, so far only known from Selitrennoye

Genus Turricaspia B. Dybowski & Grochmalicki, 1915

1915 Turricaspia B. Dybowski & Grochmalicki: 105.
1917 Trachycaspia B. Dybowski & Grochmalicki: 22.
1969 Pyrgula (Caspiopyrgula) Logvinenko & Starobogatov: 366.
1969 Pyrgula (Eurycaspia) Logvinenko & Starobogatov: 357.
1969 Pyrgula (Oxypyrgula) Logvinenko & Starobogatov: 366.

Type species. Micromelania turricula B. Dybowski & Grochmalicki, 1915; by subsequent 
designation by Wenz, (1939). Caspian Sea, Recent.
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Turricaspia andrussowi (B. Dybowski & Grochmalicki, 1915)
 Fig. 4.11A, B

* 1915 Micromelania (Turricaspia) Andrussowi nov. sp.; B. Dybowski & Grochmalicki: 125-126, pl. 3, 
figs 31a-b.
1917 Micromelania (Turricaspia, Trachycaspia) Andrussowi nov. sp. – B. Dybowski & Grochmalicki:  
 26-27, pl. 4, fig. 39.
1969 Pyrgula [(Turricaspia)] andrusovi [sic] (Dyb. et Gr.). – Logvinenko & Starobogatov: 365-366,  
 fig. 362 (4) [partim].
2006 Turricaspia andrussowi (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 104-105, 
 pl. 48, fig. A [partim].
2016 Turricaspia andrussowi (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 
 245 [partim].

Material. 3 spire fragments (RGM 1309814, RGM 1310205).
Type material. Lectotype: ZIN 4355/1 (specimen illustrated by B. Dybowski & Grochmalicki 

1915, 1917), designated by Logvinenko & Starobogatov (1969), illustrated by Kantor & Sysoev (2006: 
pl. 48, fig. A).

Type locality. Caspian Sea (no locality specified).
Description. Available fragments indicate very slender, conical shell. Apex broad, blunt, bulbous. 

Whorl profile flattened, very weakly spruce-like, with straight-sided upper two-thirds passing 
over convexity into weakly convex lower third; in addition, broad, flat subsutural band appears, 
sometimes accompanied by very narrow concavity below. Umbilicus seems fully closed. Aperture 
not preserved in any specimen.

Discussion. The identification of the three spire fragments rests upon the strongly adpressed 
whorls with very narrow suture and the flattened, spruce-like whorl profile, and the large, bulbous 
protoconch. Turricaspia eulimellula (B. Dybowski & Grochmalicki, 1915) has a similarly slender 
spire with adpressed whorls, but it bears a basal keel and the maximum whorl convexity is around 
mid-height instead of in the lower third. Turricaspia grimmi (Clessin & W. Dybowski in W. 
Dybowski, 1887) differs in its perfectly straight-sided, rectangular, very weakly stepped whorl profile 
(see also B. Dybowski and Grochmalicki 1917, pl. 3, figs 34-35; Kantor & Sysoev 2006, pl. 46, fig. L).

A very similar species is Pyrgula dubia Logvinenko & Starobogatov, 1969 from the middle 
Caspian Sea, matching the present one in the weakly spruce-like whorl profile; in fact, it might just 
be a juvenile specimen of T. andrussowi. Similarly, Pyrgula turkmenica Logvinenko & Starobogatov, 
1969, from the eastern part of southern Caspian Sea, corresponds to T. andrussowi in the weak 
subsutural band accompanied by an abapical concavity; it might as well be a juvenile representative 
of T. andrussowi.
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Logvinenko & Starobogatov (1969) synonymized without discussion Hydrobia spica sensu 
Grimm, 1876, Turricaspia elegantula (B. Dybowski & Grochmalicki, 1915), T. brusinae (B. Dybowski 
& Grochmalicki, 1915), as well as several varieties of T. spica and T. turricula described by B. 
Dybowski & Grochmalicki (1915) in synonymy of T. andrussowi (see also Kantor & Sysoev 2006, 
Vinarski & Kantor 2016). However, none of these taxa actually resembles T. andrussowi. This species 
can be well delimited from these alleged synonyms in its bulbous protoconch and the characteristic, 
weakly spruce-like whorl profile. (Note that the drawing provided by Logvinenko & Starobogatov 
1969 shows a rather broad shell with acute apex; it has little in common with the lectotype 
designated by them).

Distribution. Endemic to the Caspian Sea (Logvinenko & Starobogatov 1969 indicated 
occurrences for the middle and southern Caspian Sea at depths of 25-80 m, but based on a much 
wider concept of the species).

Turricaspia? dimidiata (Eichwald, 1838)
 Fig. 4.11C-E

? * 1838 Rissoa dimidiata m.; Eichwald: 156.

Fig. 4.11: Pyrgulinae. A-B Turricaspia andrussowi (B. Dybowski & Grochmalicki, 1915), RGM 1309814, C-E 

Turricaspia? dimidiata (Eichwald, 1838), RGM 1309787
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? 1841 Rissoa dimidiata m. – Eichwald: 258, pl. 38, figs 17a-b [wrongly given as “figs 16-17” on p. 258;   
 see also corrigendum at the end of Eichwald’s work].
? 1853 Pal.[udina] dimidiata m. – Eichwald: 285-286.
? 1887 Micromelania dimidiata Eichw. sp. – W. Dybowski: 31 [partim].
? 1888 Micromelania dimidiata Eichw. sp. – W. Dybowski: 78, pl. 1, figs 4a-f, 5 [partim].
? 1917 Micromelania (Turricaspia) dimidiata Eichw. – B. Dybowski & Grochmalicki: 32-33, pl. 4, figs
  44-47 [partim].
? 1969 Pyrgula dimidiata (Eichw.). – Logvinenko & Starobogatov: 358-359, fig. 359 (1).
? 2006 Pyrgula dimidiata (Eichwald, 1838). – Kantor & Sysoev: 99, pl. 46, fig. K.
? 2016 Pyrgula dimidiata (Eichwald, 1838). – Vinarski & Kantor: 238.

Material. 1 subadult specimen (RGM 1309787).
Type material. Not traced.
Type locality. “In eodem lapide calcareo, fossilis” (in the same limestone [referring to the 

previous species, found in Dagestan], fossil).
Dimensions. 4.29 x 1.93 mm.
Description. Slender elongate shell with ca. 6.5 whorls preserved. Protoconch granulate, 

originally perhaps densely malleate. First teleoconch whorl straight-sided in profile, passing into 
weakly convex outline on 2nd-3rd whorl. Between 3rd and 4th whorl, broad, blunt central swelling 
emerges, grading into thin angulation on 5th whorl; no keel is developed. Whorl portion above 
swelling/angulation straight-sided, below weakly convex; directly above it, weak concavity is formed 
locally. Aperture ovoid, strongly adnate, leaving no umbilicus, with thin peristome. Growth lines 
rather distinct, with prosocline upper half and near orthocline lower half.

Discussion. A single subadult shell containing ca. 6.5 whorls (including the protoconch) is 
available. Size and number of whorls as well as the centrally placed angulation correspond well to 
Eichwald’s (1838, 1841) description and illustration of T. dimidiata. However, the central keel is very 
weakly expressed in our specimen and it starts not before the fourth whorl, which is why we only 
tentatively attribute it to this species.

Kantor & Sysoev (2006) illustrate a much more elongate specimen with cyrtoconoid spire and 
more abapically placed keel; it might represent a different species. Turricaspia bakuana (Kolesnikov, 
1947), likewise described from Caspian Sea, too has a central keel, but differs in the much more 
slender shell and consistently strong keel from the second teleoconch whorl onwards (cf. Kantor 
& Sysoev 2006). Turricaspia basalis (B. Dybowski & Grochmalicki, 1915) has a broader conical 
habitus and the keel is placed near the lower suture. The subspecies T. b. laticarinata (Logvinenko & 
Starobogatov, 1969) only differs from T. basalis in the thickness of the keel and is herein considered 
a junior synonym of the nominal species.

Distribution. Endemic to the Caspian Sea, reported from middle and south Caspian Sea at 
depths between 35 and 200 m (Logvinenko & Starobogatov 1969).
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Turricaspia lyrata (B. Dybowski & Grochmalicki, 1915)
 Fig. 4.12A-K

* 1915 Micromelania (Turricaspia) spica Eichw. var. lyrata nov. var.; B. Dybowski & Grochmalicki:  
 117, pl. 2, fig. 18.
1915 Micromelania (Turricaspia) spica Eichw. var. incisata nov. var.; B. Dybowski & Grochmalicki:  
 117, pl. 2, fig. 19.
1915 Micromelania (Turricaspia) spica Eichw. var. striata nov. var.; B. Dybowski & Grochmalicki:  
 117, pl. 2, fig. 20.
1917 Micromelania (Turricaspia) spica Eichw. var. lyrata nov. var. – B. Dybowski & Grochmalicki: 17,  
 pl. 3, fig. 25.
1917 Micromelania (Turricaspia) spica Eichw. var. incisata nov. var. – B. Dybowski & Grochmalicki:  
 18, pl. 3, fig. 26.
1917 Micromelania (Turricaspia) spica Eichw. var. striata nov. var. – B. Dybowski & Grochmalicki:  
 18, pl. 3, fig. 27.
1969 Pyrgula [(Turricaspia)] lirata [sic] (Dyb. et Gr.). – Logvinenko & Starobogatov: 365, 
 fig. 362 (2).
2006 Pyrgula lirata [sic] (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 101, pl. 46, fig. E.
2016 Pyrgula lirata [sic] (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 240.

Material. 562 specimens (RGM 1309802, RGM 1309825, RGM 1310209, RGM 1310213, RGM 
1310214, RGM 1310216, RGM 1310218-1310220, LV 201512, LV 201513).

Type material. Lectotype: ZIN 4552/1 (specimen illustrated by B. Dybowski & Grochmalicki 
1915, 1917), designated by Logvinenko & Starobogatov (1969), illustrated by Kantor & Sysoev (2006: 
pl. 46, fig. E).

Type locality. Caspian Sea (no locality specified).
Dimensions. 7.68 x 2.59 mm (RGM 1310213, Figs 4.12A-C); 7.99 x 2.42 mm (RGM 1310220, 

Fig. 4.12D); 7.34 x 2.28 mm (RGM 1310214, Fig. 4.12E); 7.54 x 2.50 mm (LV 201512, Fig. 4.12F); 
6.87 x 2.43 mm (LV 201513, Figs 4.12G-I); 7 x 2.52 mm (RGM 1310218, Fig. 4.12J).

Description. Slender elongate shell of up to 9 whorls. Protoconch large, measuring about 485 
µm in diameter; it forms bulbous cap on top of shell and comprises 1.25 whorls; surface weakly 
granulate, with striae on last 0.25 whorls; nucleus low, broad, ca. 170 µm in diameter; P/T transition 
very distinct, marked by sharp growth cessation. Teleoconch whorls low to moderately convex, 
often flattened or with straight-sided upper half, which creates spruce-like morphology. Sometimes, 
very weak and thin bulge appears below suture, producing faintly stepped spire. Most shells bear 
very low and somewhat irregular spirals, but expression varies considerably concerning its onset 
(mainly starts on lower whorls), strength (faint traces to distinct but blunt keels) and number of 
elements (one keel near base to several keels spread across whorl profile). Expression of sculpture 
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varies in most specimens throughout ontogeny, which creates uneven, rugged appearance. Aperture 
comparatively small, in most cases regularly ovoid and weakly inclined, covering up umbilicus 
entirely or leaving very thin opening; peristome simple. Growth lines strongly sigmoidal, with 
prosocline upper third and opisthocline lower two-thirds.

Discussion. This species can be distinguished from its congeners in its large, bulbous 
protoconch and the typical, somewhat irregular sculpture. It is consistently larger, more massive and 
on average bears much stronger sculpture than co-occurring T.? spica. The varieties “Micromelania 
(Turricaspia) spica var. incisata” and “M. (T.) spica var. striata” introduced by B. Dybowski & 
Grochmalicki (1915) only differ in the depth of the suture and the expression of the teleoconch 
sculpture, respectively. Given the variability of these features, we consider both of them synonymous 

Fig. 4.12: Pyrgulinae. A-C Turricaspia lyrata (B. Dybowski & Grochmalicki, 1915), RGM 1310213 D T. lyrata, 

RGM 1310220 E T. lyrata, RGM 1310214 F T. lyrata, LV 201512 G-I T. lyrata, LV 201513 J T. lyrata, RGM 

1310218 K T. lyrata, RGM 1309802.
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with T. lyrata. Already Logvinenko & Starobogatov (1969) considered incisata and lyrata 
synonymous and, as first revisers, chose lyrata as the valid name of the species. The variety “M. 
(T.) spica var. lordosa” B. Dybowski & Grochmalicki, 1915 might also be a synonym of this species. 
However, the apex of the specimen illustrated in B. Dybowski & Grochmalicki (1915, 1917), which 
contains diagnostic characters, is not preserved. Nevertheless, striata and lordosa are certainly not 
synonymous with T. andrussowi as suggested by Logvinenko & Starobogatov (1969). That species 
differs from T. lyrata in the much slender whorls with spruce-like, near straight-sided profile.

Distribution. Endemic to the Caspian Sea (after Logvinenko & Starobogatov 1969, it occurs in 
the western part of the middle and southern Caspian Sea at a depth of 25-50 m; mind however that 
these authors used a slightly different concept of the species).

Turricaspia meneghiniana (Issel, 1865)
 Fig. 4.13A-K

* 1865 Bythinia Meneghiniana, Issel; Issel: 21, pl. 1, figs 12-13.
1866 Bythinia Meneghiniana, Issel. – Issel: 405, pl. 1, figs 12-13.
1917 Micromelania (Turricaspia) caspia Eichw. var. inflata nov. var. – B. Dybowski & Grochmalicki:  
 9, pl. 1, fig. 5.
? 1969 Pyrgula caspia (Eichw). – Logvinenko & Starobogatov: 369-370, fig. 364 (1).
? 1969 Pyrgula meneghiniana (Issel). – Logvinenko & Starobogatov: 370, fig. 365 (2).
non 1987 T.[urricaspia] meneghiniana meneghiniana (Iss.). – Alexenko & Starobogatov: 35, fig. 8.
2006 Turricaspia meneghiniana (Issel, 1865). – Kantor & Sysoev: 109, pl. 49, fig. E.
2016 Turricaspia meneghiniana (Issel, 1865). – Vinarski & Kantor: 248.

Material. 248 specimens (RGM 1309799, RGM 1309800, RGM 1310197, RGM 1310198, RGM 
1310256, LV 201518).

Type material. Not traced.
Type locality. “Nei giacimenti fossiliferi di Baku” (from fossil deposits in Baku).
Dimensions. 10.86 x 4.27 mm (RGM 1310256, Figs 4.13A-C); 10.91 x 4.36 mm (LV 201518, 

Figs 4.13D, E, I); 11.17 x 4.50 mm (RGM 1310197, Figs 4.13F-H); 10.82 x 4.14 mm; 11.23 x 4.40 mm; 
11.65 x 4.49 mm.

Description. Conical shell with up to 9.3 whorls. Protoconch comprises 1.3 whorls, measuring 
440 µm in diameter, with slightly inflated initial part; nucleus measures 150 µm in diameter; entire 
protoconch surface weakly granulate; indistinct spiral striae appear on second half; P/T transition 
distinct, formed by sharp, thin axial line. Teleoconch whorls increase slowly but regularly in 
height and width; whorls moderately convex, whereas convexity slightly decreases with ontogeny. 
Last whorl attains 45-48% of shell height, passes over perfect convexity into slightly convex base. 
Aperture ovoid, inclined, closely attached to base of preceding whorl across almost entire parietal 
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margin. Peristome thin, not thickened, little expanded; weakly sigmoidal in lateral view, with broad, 
shallow indentation in upper half and broad, weak protrusion in lower half; inner lip protrudes in 
lateral view, extending sheet-like over base of penultimate whorl; umbilicus very narrow, slit-like. 
Growth lines weakly sigmoidal: strongly prosocline in upper half, weakly opisthocline in lower half. 
Several specimens show faint spiral threads on last and penultimate whorls.

Discussion. Our material matches well to the description of Issel (1865), corresponding in the 
conical shell shape, the regularly increasing whorls, the rounded last whorl with faint spiral striae, 
and the ovate, adapically angulated aperture; only his specimens (13.5 x 5 mm) are larger than ours 
and consist of more whorls. Compared to his description, Issel’s illustration seem to overemphasize 

Fig. 4.13: Pyrgulinae. A-C Turricaspia meneghiniana (Issel, 1865), RGM 1310256 D, E, I T. meneghiniana, LV 

201518 F-H T. meneghiniana, RGM 1310197 J, K T. meneghiniana, RGM1309799.
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the relative height of the last whorl and underrepresent the pronounced whorl convexity. However, 
variability as to these characteristics is discernible also in our material.

Micromelania subulata Westerlund, 1902 is commonly listed as junior synonym of this species 
but always without discussion (e.g., Kantor and Sysoev, 2006; Logvinenko and Starobogatov, 1969; 
Vinarski and Kantor, 2016). Westerlund’s (1902b) description refers to a large (15 mm), very long, 
elongate shell with 9.5-10 whorls and a thickened callus connecting the peristome margins. These 
features partly oppose Issel’s description, which is why we tend to consider both taxa as separate, in 
contrast to most previous authors. Unfortunately, Westerlund’s (1902b) type material of this species 
could not be traced, neither in the Göteborg Natural History Museum nor the Swedish Museum of 
Natural History in Stockholm, where the largest parts of Westerlund’s material is stored (Vinarski et 
al., 2013).

Another commonly cited synonym is Micromelania caspia var. inflata B. Dybowski & 
Grochmalicki, 1915, which indeed matches both Issel’s description and our material.

Turricaspia meneghiniana differs from the similarly large Laevicaspia caspia (Eichwald, 1838) 
in its regularly conical profile, the higher number of whorls, and the higher whorl convexity. The 
drawings of “Pyrgula meneghiniana (Issel)” provided by Logvinenko & Starobogatov (1969) indicate 
a broader shell with low whorl convexity and might represent a different species. In contrast, Pyrgula 
caspia sensu Logvinenko & Starobogatov (1969) (non Eichwald 1838) resembles the present species 
in terms of the high shell convexity and regular growth rate and might be conspecific. Turricaspia 
meneghiniana sensu Alexenko & Starobogatov (1987), with few, low convex whorls and an angled 
base, is clearly a different species.

Distribution. Endemic to the Caspian Sea, reported from middle and south Caspian Sea at 
depths between 0 and 35 m (Logvinenko & Starobogatov 1969).

Turricaspia pulla (B. Dybowski & Grochmalicki, 1915)
 Fig. 4.14A-J

* 1915 Micromelania (Turricaspia) caspia Eichw. var. pulla nov. var.; B. Dybowski & Grochmalicki:  
 111, pl. 1, fig. 6a.
1917 Micromelania (Turricaspia) caspia Eichw. var. pulla nov. var. – B. Dybowski & Grochmalicki:  
 10, pl. 1, fig. 7.
1969 Pyrgula [(Turricaspia)] pulla (Dyb. et Gr.). – Logvinenko & Starobogatov: 361-362, fig. 360 (8).
2006 Pyrgula pulla (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 102, pl. 46, fig. C.
2016 Pyrgula pulla (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 242.

Material. 186 specimens (RGM 1309803, RGM 1309804, RGM 1309820, RGM 1310211, RGM 
1310253-1310254, LV 201519).
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Type material. Lectotype: ZIN 4422/1 (specimen illustrated by B. Dybowski & Grochmalicki 
1915, 1917), designated by Logvinenko & Starobogatov (1969), illustrated by Kantor & Sysoev (2006: 
pl. 46, fig. C).

Type locality. Caspian Sea (no locality specified).
Dimensions. 4.88 x 2.10 mm (LV 201519, Figs 4.14A-C); 5.17 x 2.11 mm (RGM 1310254, Figs 

4.14D, I, J); 4.77 x 1.90 mm (RGM 1310253, Figs 4.14E-G); 5.84 x 2.16 mm (RGM 1309803); 5.54 x 
1.97 mm (RGM 1309804).

Description. Slender conical shell with up to 8 whorls. Protoconch bulbous, weakly granulate, 
with striae on second half; diameter 410 µm, consists of 1.25 whorls; nucleus low, broad, 140 µm 
wide; transition to teleoconch distinct. Teleoconch whorls weakly convex, with maximum convexity 
at or slightly below midline of whorl profile; portion above maximum convexity almost straight-
sided, portion below weakly convex. Whorls are separated by deep suture. Height of last whorl 
amounts 45% of total shell. Sometimes intentions of spiral lines appear on lower half of last whorl. 
Aperture ovoid, oblique, with weakly thickened and slightly expanded peristome; in lateral view, 
peristome is distinctly sigmoidal, with broad, shallow indentation in upper half and broad, weak 
protrusion in lower half. Umbilicus very narrow or closed. Growth lines sigmoidal, markedly 
prosocline in upper half, weakly opisthocline in lower half.

Discussion. The species can be easily distinguished from most other species of Turricaspia by 
its comparably broad conical shape, the low-convex whorls, and its small size. Juvenile specimens 
of T. meneghiniana remind of T. pulla but the former have broader shells with more convex whorls. 
Turricaspia pullula is likewise broader and exposes a characteristic tripartite whorl profile (see 
below).

Distribution. Endemic to the Caspian Sea, reported from middle and south Caspian Sea at 
depths between 15 and 75 m (Logvinenko & Starobogatov 1969).

Turricaspia pullula (B. Dybowski & Grochmalicki, 1915)
 Fig. 4.14K, L

* 1915 Micromelania (Turricaspia) caspia Eichw. var. pullula nov. var.; B. Dybowski & Grochmalicki:  
 111-112, pl. 1, fig. 7.
1917 Micromelania (Turricaspia) caspia Eichw. var. pullula nov. var. – B. Dybowski & Grochmalicki:  
 10-11, pl. 1, fig. 8.
1969 Pyrgula [(Turricaspia)] pullula (Dyb. et Gr.). – Logvinenko & Starobogatov: 366-367, 
 fig. 363 (3).
2006 Turricaspia pullula (B. Dybowski et Grochmalicki, 1915). – Kantor & Sysoev: 109, pl. 50, fig. B.
2016 Turricaspia pullula (B. Dybowski et Grochmalicki, 1915). – Vinarski & Kantor: 249.

Material. 1 damaged specimen (RGM 1310210).
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Type material. Lectotype: ZIN 4423/1 (specimen illustrated by B. Dybowski & Grochmalicki 
1915, 1917), designated by Logvinenko & Starobogatov (1969), illustrated by Kantor & Sysoev (2006: 
pl. 50, fig. B).

Type locality. Caspian Sea (no locality specified).
Dimensions. 5.36 x 2.62 mm.
Description. A single incomplete specimen of about 6 whorls is preserved. Protoconch is 

corroded beyond recognition. Early teleoconch whorls are poorly convex to centrally flattened. 
Convexity strongly increases on about 3rd whorl. From 4th whorl onwards, whorl surface is 
partitioned into three zones: two lower zones are roughly straight-sided in profile, upper one slightly 
concave; middle zone slightly wider than other two; zones are separated by blunt angulations, whose 
expression varies between very faint to distinct (but no keel is formed). Aperture not preserved, but 
the tight coiling of the last preserved whorl suggests that umbilicus is absent. Growth lines strongly 
prosocline in upper third, near orthocline in lower two-thirds; transition coincides with boundary 
between upper and middle zone.

Discussion. The available specimen corresponds well to the lectotype as illustrated by Kantor & 
Sysoev (2006). The very characteristic tripartite whorl profile is only discernible on the penultimate 
whorl of their specimen. Such a pattern is unknown for any other Pontocaspian Pyrgulinae.

Fig. 4.14: Pyrgulinae. A-C Turricaspia pulla (B. Dybowski & Grochmalicki, 1915), LV 201519 D, I, J T. pulla, 

RGM 1310254 E-G T. pulla, RGM 1310253 H T. pulla, RGM 1309820 K, L Turricaspia pullula (B. Dybowski & 

Grochmalicki, 1915), RGM 1310210.
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Distribution. Endemic to the Caspian Sea, reported from the western part of the middle 
Caspian Sea at a depth of 60 m (Logvinenko & Starobogatov 1969).

Turricaspia? spica (Eichwald, 1855)
 Fig. 4.15A-R

cf. * 1855 Paludina spica m.; Eichwald: 303-304, pl. 10, figs 8-9.
cf. 1887 Micromelania spica Eichw. sp. – W. Dybowski: 29-31.
cf. 1888 Micr.[omelania] spica Eichw. sp. – W. Dybowski: 78, pl. 1, figs 6a-c, pl. 3, figs 11a-d.
cf. 1917 Micromelania (Turricaspia) spica Eichw. – B. Dybowski & Grochmalicki: 16-17, pl. 3, 
 figs 22-27.
cf. 1952 Micromelania spica (Eichwald, 1855). – Zhadin: 252-253, fig. 194.
cf. 1992 Turricaspia spica. – Anistratenko & Prisyazhniuk: 19, fig. 2d.
cf. 2006 Turricaspia spica (Eichwald, 1855). – Kantor & Sysoev: 110, pl. 49, fig. F.
cf. 2009 Turricaspia cf. spica (Eichwald, 1855). – Filippov & Riedel: 70, 72, 74, 76, figs 4e-f.
cf. 2016 Turricaspia spica (Eichwald, 1855). – Vinarski & Kantor: 250.

Material. 1420 specimens (RGM 1309784, RGM 1309785, RGM 1309786, RGM 1309811, RGM 
1309812, RGM 1309813, RGM 1310229-1310231, RGM 1310233-1310237, RGM 1310239, RGM 
1310240, LV 201501, LV 201502).

Type material. Not traced, most probably in ZIN (Vinarski & Kantor 2016).
Type locality. “Im kapischen Meere, am Ufer der Insel Tschetschnja, vorzüglich nordostwärs 

von der Insel im Meeresgrunde” (in the Caspian Sea, at the shores of Ostrov Chechen’, especially on 
the seafloor northeast of the island).

Dimensions. 6.40 x 2.18 mm (RGM 1310237, Figs 4.15A-C); 5.93 x 2.27 mm (LV 201501, Figs 
4.15D-F); 6.13 x 2.19 mm (LV 201502, Figs 4.15G-I); 6.36 x 2.21 mm (RGM 1310230, Figs 4.15J-L); 
6.01 x 1.90 mm (RGM 1310231, Figs 4.15M-O); 5.88 x 2.00 mm (RGM 1310233, Fig. 4.15P); 5.55 x 
1.97 mm (RGM 1310236, Fig. 4.15Q).

Description. Slender elongate shell, with up to nine convex whorls. Protoconch forms small 
bulbous cap, consisting of 1.3 whorls that measure 365 µm in diameter; surface weakly granulate, 
spiral striae set in after 0.5 whorls; nucleus is 140 µm wide; P/T boundary marked by thin, sharp 
axial line. Early teleoconch whorls have low convex profile. Two morphotypes are present: Form 
A is broader, with whorls increasing slightly more in height (thus producing relatively larger last 
whorl) and little convex whorls; Form B is more slender, whorls increase less fast in height in 
relation to width and whorl profile is stronger and more regularly convex. Both types are linked 
via intermediates. Generally, whorl profile varies between regularly convex (of varying strength), 
laterally flattened or bipartite (with near straight-sided upper half and convex lower half; rarely, 
transition between halves coincides with spiral thread). Suture is narrow. In some specimens, last 
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whorl is slightly inflated and aperture is expanded. Traces of spiral sculpture, ranging from faint 
lines to blunt keels of variable number occur on several shells. Aperture expansion and sculpture 

Fig. 4.15: Pyrgulinae. A-C Turricaspia? spica (Eichwald, 1855), form B, RGM 1310237 D-F T.? spica, transitional 

form, LV 201501 G-I T.? spica, form B, LV 201502 J-L T.? spica, form A, RGM 1310230 M-O T.? spica, form 

B, RGM 1310231 P T.? spica, form A, RGM 1310233 Q T.? spica, transitional form, RGM 1310236 R T.? spica, 

RGM 1309813.
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are found on both morphotypes, as well as in intermediates. Umbilicus mostly covered by inner 
lip; if open, it is very narrow. Growth lines markedly sigmoidal, with prosocline upper third and 
opisthocline lower two-thirds.

Discussion. The huge morphological variability with intergrading morphotypes complicates 
reasonable taxonomic distinctions within this taxon. Moreover, much of the shape variation 
(especially in later whorls) seems to be a result of shell repair after predator-induced damage.

The variability also hampers linking our material to an existing name. Several species (and 
varieties) have been introduced for slender elongate, multi-whorled shells from the Caspian Sea. 
While the sculptured representatives can be fairly well delimited, the smooth-shelled taxa have 
caused considerable confusion. Particularly challenging are the many small, slender species with 
pointy apex, moderately to strongly convex whorls and thin peristome. The group includes (aside 
from T. spica): T. elegantula (B. Dybowski & Grochmalicki, 1915), T. turricula (B. Dybowski & 
Grochmalicki, 1915), T. nossovi (Kolesnikov, 1947), T. concinna (Logvinenko & Starobogatov, 1969), 
T. spasskii (Logvinenko & Starobogatov, 1969), T. uralensis (Logvinenko & Starobogatov, 1969) and 
T. astrachanica (Pirogov, 1971). Turricaspia lyrata (B. Dybowski & Grochmalicki, 1915), which was 
originally introduced as subspecies of T. spica, can be well delimited from that group because of its 
much larger, blunt apex. 

A major problem in identifying and discriminating those species is that the concepts applied 
by later authors occasionally diverge largely from the original perceptions. This especially regards 
T. spica and the species described by B. Dybowski & Grochmalicki (1915). Unfortunately, the types 
for these species are not known for sure (Kantor & Sysoev 2006, Vinarski & Kantor 2016) and the 
original descriptions, drawings, and illustrations are mostly insufficient to allow distinction. Beyond 
that, different traits have been considered as diagnostic by different authors when describing new 
species, and morphological variability was hardly considered at all.

The identity of Turricaspia spica (sensu Eichwald) is dubious. The original description and 
illustration do not allow distinction from other similar species. The present specimens differ slightly 
from T. spica sensu Kantor & Sysoev, 2006, which is characterized by a faster whorl accretion rate 
and relatively higher whorls (including the last whorl). In contrast, our material largely fits the 
concept of T. spica as used by B. Dybowski & Grochmalicki (1917). We tentatively classify the 
Selitrennoye specimens in Turricaspia spica, being the oldest available name of the group. Many of 
the later proposed names might turn out to be junior synonyms. A more in-depth study is required 
to solve this problematic case.

Distribution. Turricaspia spica is endemic to the Caspian Sea. After Logvinenko & Starobogatov 
(1969), it occurs at a water depth between 0 and 30 m, but those authors applied a different concept 
of the species.

Hydrobiidae incertae sedis
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Genus Abeskunus Kolesnikov in Logvinenko & Starobogatov, 1969

Type species. Paludina exigua Eichwald, 1838; by original designation. Caspian Sea, Pleistocene.
Discussion. The genus Abeskunus and the species that have been attributed to it have caused 

considerable confusion. A detailed discussion of the taxonomic and nomenclatural problems 
associated with Abeskunus, considerations on its systematic placement, as well as a description of the 
type species will be provided in a forthcoming study. Preliminary work confirms classification of the 
species described below in Abeskunus.

Abeskunus brusinianus (Clessin & W. Dybowski in W. Dybowski, 1887)
 Fig. 4.16A-I

* 1887 Zagrabica Brusiniana nob.; W. Dybowski: 52-53.
1888 Zagrabica Brusiniana n. sp. – W. Dybowski: 79, pl. 2, fig. 7.
1952 Zagrabica brusiniana W. Dyb., 1888. – Zhadin: 235, fig. 166 [partim].
1969 Pseudamnicola [(Abeskunus)] brusiniana (Cless. et W. Dyb.). – Logvinenko & Starobogatov:  
 381, fig. 367 (15).
2006 Pseudamnicola brusiniana (Clessin et W. Dybowski in W. Dybowski, 1888). – Kantor & Sysoev:  
 114, pl. 51, fig. J.
2016 Pseudamnicola brusiniana (Clessin et W. Dybowski in W. Dybowski, 1888). – Vinarski &   
 Kantor: 222.

Material. 489 specimens (RGM 1309834, RGM 1309842, RGM 1310194, LV 201505).
Type material. Not traced.
Type locality. “Kaspi-See” (Caspian Sea, no further details mentioned).
Dimensions. 4.12 x 3.82 mm (RGM 1309834, Figs 4.16A, F); 4.15 x 3.65 mm (LV 201505, Figs 

4.16B, C, I); 3.00 x 2.74 mm (RGM 1309842, Figs 4.16D, E, G, H); 4.14 x 3.42 mm; 4.15 x 3.53 mm; 
4.34 x 3.79 mm; 4.39 x 3.87 mm; 4.59 x 3.68 mm.

Description. Shell broadly conical, comprising up to 4.5 whorls. Protoconch broadly domical, 
with almost immersed initial part; consists of 1.25 whorls, measures 525 µm in diameter; nucleus 
is ca. 160 µm wide; nucleus surface covered with irregular elongated wrinkles; protoconch surface 
wrinkled, bearing thin, irregular spiral grooves on first third, passing over irregular pattern of 
faint spiral grooves and wrinkles into numerous, regularly parallel spiral furrows on last third; 
P/T transition without growth rim, marked by onset of growth lines. Teleoconch whorls highly 
convex, with maximum convexity in adapical half, producing slightly stepped spire. Last whorl 
attains 77-85% of shell height. Aperture drop-shaped, slightly inclined, with marked adapical notch 
at contact to penultimate whorl. Outer peristome margin not or slightly thickened, columellar and 
parietal margins weakly thickened; peristome slightly expanded towards columella (protruding 
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towards umbilicus in lateral view) and strongly towards base; weakly sinuate in lateral view, with 
broad but weak adapical protrusion and straight-sided abapical part. Umbilicus narrow, slit-like. 
Prosocline growth lines cover shell surface.

Discussion. The species differs from the type species A. exiguus (Eichwald, 1838) in the conical 
shell, the taller spire, the less inflated last whorl, and the distinct umbilicus. Abeskunus brusinianus 
michelae Tadjalli-Pour, 1977 is much more globular than A. brusinianus. The latter species strongly 
reminds of and might be conspecific with A. exiguus. Pseudamnicola depressispira Logvinenko & 
Starobogatov, 1969, which these authors also included in the subgenus Abeskunus, differs from the 
presumed congeners in the valvatoid shape with very wide umbilicus and small but distinct riblets.

Pseudamnicola? brusiniana Pavlović, 1903 is a junior secondary homonym of this species, 
for which Neubauer et al. (2015b) introduced Pseudamnicola? babindolensis as replacement 

Fig. 4.16: Hydrobiidae incertae sedis. A, F Abeskunus brusinianus (Clessin & W. Dybowski in W. Dybowski, 

1887), RGM 1309834 B, C, I A. brusinianus, LV 201505 D, E, G, H A. brusinianus, RGM 1309842.
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name. Because of the revised classification, P.? brusiniana Pavlović is reinstated as valid, with P.? 
babindolensis as its junior objective synonym (ICZN 1999, Art. 59.4).

Distribution. Endemic to the Caspian Sea, in the southern and middle part up to a depth of 
>250 m (Logvinenko & Starobogatov 1969, Parr et al. 2007).

Non-indigenous species

In addition to the Pontocaspian elements, six taxa including ubiquitous Palearctic species were 
identified. They all occur in low numbers and differ from Pontocaspian species in their preservation 
state. Shells of larger taxa (Valvata, Esperiana, and Lithoglyphus) are eroded and suggest transport. 
The smaller planorbids are better preserved but differ in their orange color indicating that they were 
not deposited along with the whitish shells of the Pontocaspian residents. Moreover, all six taxa are 
typical freshwater dwellers (e.g., Welter-Schultes 2012). They probably derive from rivers flowing 
into the northern Caspian Sea (Fig. 4.1).

Anisus cf. spirorbis (Linnaeus, 1758) (Figs 4.17A-F). – 13 juvenile to semi-adult specimens have 
been found. They match A. spirorbis as depicted by Glöer (2002) and Welter-Schultes (2012) in size, 
the regularly striated surface, the slightly overlapping whorls, and the weakly asymmetrical lateral 
profile. However, whorls expand in relative width a bit more rapidly in the Selitrennoye specimens, 
which is why we only tentatively assign our material to this species.

Planorbis cf. planorbis (Linnaeus, 1758) (Figs 4.17G-L). – Two juvenile specimens and one 
semi-adult are available, showing either a distinct or intentions of a keel on the periphery of the 
apical side, a feature typical of P. planorbis (Glöer, 2002; Welter-Schultes, 2012). In addition, shell 
size, whorl expansion and lateral profile fit well to this species. Since no adult specimen with fully 
developed keel have been found, we attribute our specimens to this species provisionally.

Bithynia sp. (Fig. 4.17M). – Four juvenile specimens are available, consisting of the protoconch 
and about one teleoconch whorl; the operculum is in-situ preserved in all specimens. The 
classification is based on the presence and shape of the operculum, the characteristics of the 
protoconch, as well as the shape of the aperture, all of which are features typical of the genus 
Bithynia (compare Glöer et al. 2005; Neubauer et al., 2015c).

Esperiana esperi (Férussac, 1823) (Fig. 4.17N). – The single fragmentary specimen matches well 
the specimens illustrated by Welter-Schultes (2012). The similar and often co-occurring Microcolpia 
daudebartii acicularis (Férussac, 1823) is more elongate and lacks the color pattern (Glöer 2002, 
Welter-Schultes 2012). In the Russian literature, E. esperi is commonly listed as member of the 
genus Fagotia Bourguignat, 1884 (e.g., Starobogatov et al. 2004, Vinarski & Kantor 2016), which 
is, however, invalid as a junior objective synonym of Esperiana. Starobogatov et al. (1992, 2004) 
listed numerous species of Fagotia for extant European water bodies and categorized them into 
several subgenera. All of them are presently considered junior synonyms of Esperiana and E. esperi, 
respectively (for a complete synonymy list, see Vinarski & Kantor, 2016). Fagotia roseni Starobogatov
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Fig. 4.17: Non-indigenous species. A-D Anisus cf. spirorbis (Linnaeus, 1758), LV 201503 E-F A. cf. spirorbis, 

RGM 1309801 G-I Planorbis cf. planorbis (Linnaeus, 1758), LV 201504 J-L P. cf. planorbis, RGM 1309835 

M Bithynia sp., juvenile, RGM 1309853 N Esperiana esperi (Férussac, 1823), RGM 1309792 O Lithoglyphus 

naticoides (Pfeiffer, 1828), RGM 1309832 P Valvata piscinalis (Müller, 1774), RGM 1310249. Scale bar equals 1 

mm unless indicated otherwise. Note that all Planorbidae are figured at the same scale to facilitate comparison.
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Table 4.1: List of species recovered from the late Khazarian deposits at Selitrennoye, with indication of their 

status as endemic to the Caspian Sea and the Pontocaspian region as a whole.

Species Family No. of 
specimens

Caspian 
endemic

Pontocaspian 
endemic

Theodoxus pallasi Lindholm, 1924 Neritidae 294
Ulskia ulskii (W. Dybowski & Clessin in W. Dybowski, 1888) Hydrobiidae 19 x x
Andrusovia brusinai Starobogatov, 2000 Hydrobiidae 39 x x
Ecrobia cf. grimmi (Clessin in W. Dybowski, 1888) Hydrobiidae 345
Clessiniola variabilis (Eichwald, 1838) Hydrobiidae 4867 x
Laevicaspia caspia (Eichwald, 1838) Hydrobiidae 300 x x
Laevicaspia cincta (Abich, 1859) Hydrobiidae 174 x x
Laevicaspia conus (Eichwald, 1838) Hydrobiidae 1135 x x
Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in 
Golikov & Starobogatov, 1966)

Hydrobiidae 514 x x

Laevicaspia vinarskii sp. n. Hydrobiidae 9 x x
Turricaspia andrussowi (B. Dybowski & Grochmalicki, 1915) Hydrobiidae 3 x x
Turricaspia? dimidiata (Eichwald, 1838) Hydrobiidae 1 x x
Turricaspia lyrata (B. Dybowski & Grochmalicki, 1915) Hydrobiidae 562 x x
Turricaspia meneghiniana (Issel, 1865) Hydrobiidae 248 x x
Turricaspia pulla (B. Dybowski & Grochmalicki, 1915) Hydrobiidae 186 x x
Turricaspia pullula (B. Dybowski & Grochmalicki, 1915) Hydrobiidae 1 x x
Turricaspia? spica (Eichwald, 1855) Hydrobiidae 1420 x x
Abeskunus brusinianus (W. Dybowski & Clessin in W. Dybowski, 
1888)

Hydrobiidae 489 x x

Valvata piscinalis (Müller, 1774) Valvatidae 8
Esperiana esperi (Férussac, 1823) Melanopsidae 1
Bithynia sp. Bithyniidae 4
Lithoglyphus naticoides (Pfeiffer, 1828) Lithoglyphidae 1
Anisus cf. spirorbis (Linnaeus, 1758) Planorbidae 13
Planorbis cf. planorbis (Linnaeus, 1758) Planorbidae 3

in Starobogatov et al., 1992 from Quaternary deposits of Georgia also ranges within the variability 
of E. esperi and is herewith considered synonymous.

Lithoglyphus naticoides (Pfeiffer, 1828) (Fig. 4.17O). – The shape of the sole specimen ranges well 
within the large morphological variability of Recent L. naticoides (e.g., Glöer 2002). Late Pleistocene 
Lithoglyphus jahni Urbański, 1975 has a relatively taller conical shell and elevated spire (Kondrashov, 
2007). Coeval Lithoglyphus pyramidatus Möllendorf, 1873 is more elongate and lacks the stepped 
spire (Glöer 2002).

Valvata piscinalis (Müller, 1774) (Fig. 4.17P). – The eight, partly fragmented and corroded shells 
correspond well to Recent representatives of the species (Glöer 2002, Welter-Schultes 2012). Several 
of the Valvata species listed for the Volga delta region by Starobogatov et al. (1994, fig. 2) might be 
synonymous with this species. A conclusion on that matter requires examination of the material, 
which is unavailable to us.
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4.4 Discussion
The current work provides a first insight into the magnitude of endemic Caspian gastropod 
biodiversity. The gastropod fauna of Selitrennoye is composed of 24 species, 16 of which are 
Pontocaspian endemic species and 15 exclusively Caspian. Six species are considered to be non-
indigenous based on the combination of a truly freshwater autecology, a general wide spread 
palearctic distribution and a slightly different preservation from the bulk of the well preserved 
Caspian lacustrine species in the material. The non-Caspian gastropods are low in numbers, and we 
suspect they may have either floated into the Caspian Sea during periods of high river discharge or 
more likely were mixed in from underlying sediment layers through bioturbation. The Selitrennoye 
fauna was deposited in open lacustrine settings at a paleosalinity of approximately 10-11 psu as 
suggested by the general composition of the mollusk fauna (Yanina 2012). The presence of paired 
bivalves in the same sample indicates the in-situ character of the fauna. The shelly levels are located 
around 17 m b.s.l., and late Khazarian maximum sea levels are estimated as 10 m b.s.l. The presence 
of very sandy sediments with lenses suggests deposition above storm wave base. Altogether, this 
might translate into a sea floor at about 7 m water depth. The settings can be best compared with the 
present-day southermost part of the northern Caspian basin.

The taxonomy and systematics of Caspian gastropods is very much in need of an update. 
The abundant and well-preserved material presented here has given an indication about the 
generic placements of species and the magnitude of species richness. When compared to the 
latest inventory of Caspian gastropods by Vinarski & Kantor (2016), who presented 92 species 
for the entire Caspian Sea, our numbers (that represent a single locality) are still rather low. The 
synonymization of species we propose does in general point to lower species numbers for Caspian 
gastropod faunas as reported before. However, the possibility exists that some of species considered 
synonyms are sibling species. In order to test for that, we will require extensive new living material 
to perform combined genetic and morphometric analyses. In recent expeditions in the coastal 
areas of Azerbaijan and in the Caspian territory of Kazakhstan, we failed to detect living endemic 
Pyrgulinae gastropod species. All Caspian endemics are suffering badly from invasive species that 
have caused a total turnover of the fauna during the 20th century (Albrecht et al., 2014; Grigorovich 
et al., 2003; Heiler et al., 2010; Kosarev and Yablonskaya, 1994; Orlova et al., 2004; Riedel et al., 2006; 
Therriault et al., 2004). This situation appears to complicate or even make it impossible to follow 
such an integrated approach. Especially for the genera Clessiniola, Laevicaspia, and Turricaspia, we 
think devoted taxonomic revisions will be required to assess the number of species and potential 
presence of siblings. The present revision does elucidate generic concepts. Even though it is open 
for further improvement, it will provide a basis for the establishment of evolutionary relationships 
within genera by comparison with older (Bakunian/Apsheronian) and younger Caspian faunas. By 
understanding species richness and evolutionary relationships of Caspian faunas, we will be able to 
document the nature and severity of the Anthropocene biodiversity crisis in this long-lived lake.
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After Anistratenko (2013), the publication dates of W. Dybowski’s “Die Gasteropoden-Fauna des 
Kaspischen Meeres” is not 1888 as indicated in the respective journal volume. Issue 1 (pp. 1-64, 
containing all descriptions) was published in 1887; issues 2 (pp. 65-79, summary and plate captions) 
and 3 (pls. 1-3) appeared in 1888.

B. Dybowski & Grochmalicki (1917) is a slightly altered version of B. Dybowski & Grochmalicki 
(1915). That work is a preprint initially destined to be published in the “Annuaire du Musée 
Zoologique de l’Académie impériale des Sciences de St Petersbourg”, vol. 20, but it was withdrawn 
from the volume by the editors. It is nonetheless nomenclaturally available. Since the authors 
thought their work had remained unpublished, they slightly emended it and re-published it in 
1917, re-describing most of the taxa they introduced in 1915 as new and adding new ones. Despite 
considerable effort, we were unable to obtain a copy of that rare work.
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The publication date of Birshtein et al.’s comprehensive systematic account of the Caspian fauna, 
including the catalogue of Caspian mollusks by Logvinenko & Starobogatov, is usually given as 
“1968” and so it says in the book itself. According to Sysoev & Kantor (1992); however, the book was 
published in April 1969.
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fauna of Selitrennoye (Astrakhan province, Russia): A natural baseline for endemic Caspian Sea 
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Abstract
The native Caspian Sea fauna underwent severe changes since the early 20th century, mostly due to 
anthropogenic activities. However, the nature, magnitude and rate of biodiversity change can only 
be assessed by comparison with natural baseline settings. A mostly in-situ mollusk fauna retrieved 
from Late Pleistocene (Hyrcanian, 107 ± 7 ka) deposits at Selitrennoye (Astrakhan province, Russia) 
provides a snapshot of a natural Caspian assemblage. In total, 24 gastropod and 13 bivalve species 
were identified. The fauna is predominantly endemic/native (94% in species numbers and 99% in 
abundance) and is dominated by three families (Cardiidae, Dreissenidae and Hydrobiidae). The 
Selitrennoye assemblage is a natural baseline of a pre-invasive Caspian Sea fauna living in a shallow 
(15-25 m), lower mesohaline (5-8 psu) open lake environment. The species-rich Selitrennoye fauna 
contrasts the largely depleted and invasive-dominated fauna that nowadays occupies similar habitats 
in the Caspian Sea and underlines the magnitude of the current biodiversity crisis.

5.1 Introduction
The Caspian Sea is Earth’s largest inland water body. During the Quaternary, it has had a dynamic 
history of transgression and regression events (Forte & Cowgill, 2013; Krijgsman et al., 2019 and 
references therein; Yanina, 2014). While during large parts of the Quaternary it was an isolated 
sea, such as today, it had episodic connections to the Black Sea. During such high stands, it was 
considerably larger than today and extended to the North and occasionally to the Aral Sea. In 
contrast, the Caspian Sea was a restricted and partly much smaller water body during lowstands 
(Krijgsman et al., 2019). In reponse to the dynamic history of the basin, the Caspian Sea fauna has 
a long history of diversification and turnover events. Throughout the Quaternary, the fauna was 
subjected to a constant variation in salinity regimes (Kosarev and Yablonskaya, 1994) and is now 
characterized by a high degree of endemism (Kostianoy et al., 2005). The estimated number of 
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accepted non-invasive mollusk species living in the Caspian Sea today stands at 65, of which 55 are 
endemic (Wesselingh et al., 2019).

Since the early 20th century, native Caspian faunas have undergone dramatic turnover 
(Karpinsky, 2010a, 2010b; Kosarev and Yablonskaya, 1994; Latypov, 2015). Specifically endemic 
species were marginalized mostly by human activities, such as introduction of invasive species, 
chemical and agricultural pollution and poaching (Dumont, 1995; Grigorovich et al., 2003; Kosarev 
and Yablonskaya, 1994; Kostianoy and Kosarev, 2010; Rekacewicz and Dejouhanet, 2002; Rodionov, 
1994; Stolberg et al., 2013). In many areas, the benthic communities have been almost completely 
replaced by communities dominated by invasive species (Grigorovich et al., 2003; Karpinsky, 
2010b; Kosarev and Yablonskaya, 1994; Latypov, 2015; Leroy et al., 2018; Orlova et al., 2005; 
Rekacewicz and Dejouhanet, 2002; Stolberg et al., 2013; Therriault et al., 2004). Some species were 
deliberately introduced, such as Abra segmentum; others, such as Mytilaster minimus and Mytilopsis 
leucophaeata, were accidentally introduced and caused widespread changes in benthic communities 
(Chepalyga and Tarasov, 1997; Grigorovich et al., 2003; Kosarev and Yablonskaya, 1994; Latypov, 
2015). These invasives triggered the demise and, in some cases, the extinction of endemic species 
(Wesselingh et al., 2019 and references therein).

Understanding the nature and severity of the modern Caspian Sea biodiversity crisis is 
hampered by a lack of comparison with natural baseline data (Kostianoy et al., 2005; Rekacewicz 
and Dejouhanet, 2002), as well as a poorly resolved taxonomy (Wesselingh et al., 2019). A baseline 
dataset ideally contains a well preserved in situ fauna together with a characterization of the habitat 
in order to allow comparison with faunas from similar habitats of today. However, no long-term 
(pre-impact) standardized data sets exist for the Caspian Sea that allow us to document the nature 
and severity of biodiversity change of today. Hence, we need alternative approaches to establish a 
biodiversity baseline for the anthropogenic biodiversity crisis.

A very well-preserved Late Pleistocene mollusk fauna encountered along a tributary of the 
lower Volga River in Astrakhan province (Russia) provides the opportunity to establish a natural 
baseline for 20th century biodiversity change. The fauna derives from an outcrop below the village of 
Selitrennoye from an interval attributed to the regional Late Khazarian epoch (Neubauer et al., 2018; 
Sedaikin, 1988; Svitoch and Yanina, 1997). In the present study, we specify the stage as Hyrcanian. 
According to the most recent dates based on optically stimulated luminescence, the age of the 
Hyrcanian transgression is estimated at 107 ± 7 ky (Kurbanov et al., 2018), corresponding to the 
early Late Pleistocene. The presence of paired bivalves and the excellent preservation status imply 
a largely in-situ fauna. The fauna and sediment characteristics permit to constrain paleoecological 
properties. The gastropod taxonomy was addressed by revision of the fauna by Neubauer et al., 
(2018); here, we investigate the bivalve fauna.

Here, we (1) document mollusk species composition and richness of the Selitrennoye 
fauna along with taxonomic remarks, (2) assess the taphonomic fidelity of the fauna, and (3) 
characterize the paleoenvironment of the fauna. The established baseline enables comparison with 

196

Chapter 5



anthropogenically affected Caspian Sea faunas living in similar environments today, a prerequisite 
to investigate past and present biodiversity change.

5.2 Environmental setting
Today, the Caspian Sea is an isolated, endorheic anomalohaline lake (Fig. 5.1). Its lake level 
(currently at around 27 m below oceanic level) reflects a balance between runoff, precipitation and 
evaporation (Arpe et al. 2018; Krijgsman et al., 2018). The Caspian Sea is subdivided into three 
subbasins. The northern Caspian basin is a shallow shelf area where major rivers such as Volga 
and Ural strongly determine water properties. Salinities range from 0 psu (practical salinity unit) 
at river mouths to approximately 10 psu at the transition to the Middle Caspian basin (Kosarev 
and Yablonskaya, 1994; Kostianoy et al., 2005). The Middle and South Caspian basins are deep, 
and salinities range from about 10 to 13 psu (Kostianoy et al., 2005). The Caspian Sea benthic 
community is dominated by bivalve mollusks and crustaceans (Kostianoy et al., 2005). Although 
bivalves have fewer species numbers, they represent > 90% of the total benthic biomass (Kosarev 
and Yablonskaya, 1994; Kostianoy et al., 2005).

During the previous interglacial (MIS5), Caspian Sea lake levels fluctuated between -50 and +30 
m (Krijgsman et al., 2019) and episodically spilled over into the Black Sea (Yanina, 2012a). During 
highstands, the northern Caspian Sea was much larger and the average salinity in the Caspian Sea 
was slightly lower, because of the influence of fresh water from the Volga, Terek and other smaller 
rivers (Yanina, 2012a). The Late Khazarian epoch (MIS5) can be subdivided into the late Khazarian 
stage and the Hyrcanian (or Girkanian) stage. The latter marked the end of two transgressions 
that occurred during the last interglacial. At the onset of the Hyrcanian, Caspian Sea water level 
was above the threshold (around 26 m above sea level) of the Manych-Kerch spillway north of the 

Fig. 5.1: Caspian Sea today (left panel) and during the Late Pleistocene Hyrcanian regional stage (right panel) 

(modified after Neubauer et al. 2018). The study site of Selitrennoye is indicated with a red star. Hyrcanian lake 

level was modeled in ESRI ArcGIS 10.4 based on Krijgsman et al. (2019), who suggested an absolute lake level 

of 30 m above sea level. (i.e., 57 m higher than today) at that time, following Popov, 1983).
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Caucasus (Fig. 5.1), and water flooded from the Caspian Sea into the Black Sea. The Hyrcanian 
ended with the MIS4 Atelian regression when Caspian Sea lake level dropped to about 130 m below 
oceanic levels (Krijgsman et al., 2019). Although the late Khazarian and the Hyrcanian were two 
warm-water transgressive basins, climate was already cooling down at the end of the Hyrcanian 
(Yanina, 2012a). Conditions were cooler than today, with smaller seasonal contrasts (Kurbanov et 
al., 2018).

5.3 Material and methods

5.3.1 Study site and geological context
The study site Selitrennoye (47°10’21.19” N, 47°26’25.41” E) is located at the eastern margin of the 
lower Volga valley (Fig. 5.1). The 14 m thick cliff section (Fig. 5.2) is located next to the Akhtuba 
River, the eastern branch of the Volga River. During summer, low water levels expose the full 
outcrop, which consists of a succession of fine sand, silt and clay intervals with variable fossil 
content. The Hyrcanian level that yielded the mollusk fauna studied herein is located within the 
basal unit of the outcrop. This 2.5 m thick interval is composed of mostly well sorted, fine-grained 
sands with dispersed shells and lenses of shells. The presence of wavy bedding and some fine-scale 
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Fig. 5.2: Location and section of the Selitrennoye outcrop next to Akhtuba river. Updated from Neubauer et al. 

(2018) to show new allocation of stratigraphic units.

198

Chapter 5



cross-stratification indicates deposition above storm wave base, yet the presence of paired bivalves 
implies relatively low-energy conditions.

5.3.2 Taphonomy
We washed approximately 5 kg of sediment over a sieve with a mesh size of 0.5 mm. The residue was 
checked for five different taphonomic criteria: color mixing, fragmentation, dissolution, abrasion, 
and predation/bio-erosion intensity. Color mixing measures the percentage of shells with colors 
other than the dominant color. Fragmentation describes the percentage of fragments and broken 
shells. Dissolution concerns the shells’ majority state of dissolution, including pits or shell layers that 
have become softened. Abrasion relates to the total percentage of fine details preserved. Predation 
and bioerosion involves the percentages affected by encrustation (the formation of a crust/hard-
coating) or (predatory) borings. The taphonomic signatures were used to assess the fidelity of the 
Selitrennoye sample, and percentages always concern the whole assemblage. The presence of paired 
bivalves and the occurrence of juveniles were specifically noted. Necessary

5.3.3 Mollusks community
Mollusks were identified to the species level and the number of individuals per species was counted. 
The gastropod fauna was already treated by Neubauer et al. (2018), here we provide details on the 
bivalves. We discuss morphological variation, taxonomic issues and available ecological data for 
each species identified. All valves and fragments containing more than half the hinge were counted. 
Each valve accounted for a half individual and numbers were rounded up to the next integer. 
Selected specimens were photographed with a Zeiss SteREO Discovery.V20 inverted Axiomat 
microscope using the stacking function for thoroughly focused images. Mollusks that were too 
big to fit the microscope vision were photographed with a Nikon D70. Shell measurements and 
abbreviations included: H-maximum height in mm (measured from dorsal margin to ventral 
margin), L-maximum length in mm (from posterior to anterior margin), LV-left valve, and RV-right 
valve.

The systematic classification of Didacna species follows mostly Nevesskaja (2007); for other 
bivalve species, we used Bogutskaya et al. (2013), Latypov (2015), Wesselingh et al. (2019). Synonymy 
lists provide first descriptions and records with illustrations (Bogutskaya et al., 2013; Kantor and 
Sysoev, 2006; Nevesskaja, 2007; Wesselingh et al., 2019); further synonymy can be found in Vinarski 
and Kantor (2016) and Wesselingh et al. (2019).

For the analysis of the mollusk community structure, we combined the data of gastropods 
(Neubauer et al., 2018) and bivalves. We used R version 3.5.2 (R Core Team 2018) and the package 
‘iNext’ 2.0.19 (Chao et al., 2014; Hsieh et al., 2016) to perform a rarefaction analysis to estimate the 
representativeness of the sample (Raup, 1975).
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5.3.4 Paleoecology
We used published data on salinity, depth ranges, and habitat substrate available to reconstruct 
the paleoenvironment (Andreev and Andreeva, 2003; Bogutskaya et al., 2013; Chukhchin, 1984; 
Glöer, 2002; Grigorovich et al., 2003; Logvinenko and Starobogatov, 1969; Mirzoev and Alekperov, 
2017; Mordukhai-Boltovskoi, 1974; Neubauer et al., 2018; Nevesskaja, 2007; Parr et al., 2007; 
Starobogatov, 1994, 2000; Yanina, 1981). Published information was supplemented with personal 
observations. For the extinct Didacna species, salinity estimates could only be inferred. Today, the 
salinity range for Didacna species is 3-14 psu (Bogutskaya et al., 2013); hence we estimated salinity 
ranges for all extinct species accordingly. The depth range of most currently living Didacna species 
is established from 0 to 50 m. Because only few exceptions are known of species living deeper than 
70 m (Bogutskaya et al., 2013), we estimated depth ranges for extinct Didacna between 0-50 m. 
The estimated maximum salinity for species nowadays living in the Middle and Southern Caspian 
Sea basins is 12-13 psu, which relates to the current average salinity in those basins (Kosarev and 
Yablonskaya, 1994).

5.4 Results

5.4.1 Taphonomy
The Selitrennoye mollusk fauna is exceptionally well preserved. The dominating shell color is white, 
with little admixture of other colors (5%). The fragmentation rate is low (20%). Individual species 
with a fragile shell such Adacna spp. are mostly broken, but breakage appears to be the result of 
sample processing. Within the outcrop, these shells were found often complete but with cracks. 
Overall dissolution density is as low as 5%, with no pits visible, but some of the shells have a rough 
outer surface that either may result from dissolution, abrasion or both. However, visible abrasion 
was encountered in <1% of the specimens only. Few individuals with signs of predation or bio-
erosion were found (<5%). Of the bivalve species 50% contained paired individuals, which indicates 
an in-situ fauna. Gastropods altered by taphonomy were very rarely encountered. The preservation 
of the six non-endemic species (Esperiana esperi, Bithynia sp., Lithoglyphus naticoides, Valvata 
piscinalis, Anisus cf. spirorbis, Planorbis cf. planorbis) differs from the endemic Caspian species 
(Neubauer et al., 2018). They are typical Palearctic fresh water species and were excluded from 
further analyses (Neubauer et al., 2018).

5.4.2 Fauna composition
We encountered 14 bivalve and 24 gastropod species in the 20.569 counted specimens (Table 
5.1). Ten species in the sample are represented by less than ten individuals. The six non-endemic 
gastropod species with a different preservation are taken out of the analysis of the baseline 
composition. Both adult and juvenile shells are preserved. The mollusk assemblage is almost fully 
endemic Pontocaspian (>99% of individuals; Table 5.1). The majority of the species (90%) are
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Table 5.1: Mollusks species list of Selitrennoye. Gastropod data from Neubauer et al., 2018. Asterisks mark 

ex-situ species that have been admixed to the fauna.

Species Family Status Number

Adacna laeviuscula (Eichwald, 1829) Cardiidae endemic 30
Adacna minima Ostroumov, 1907 Cardiidae endemic 4678
Didacna cristata Bogachev, 1932 Cardiidae endemic 14
Didacna ebersini Fedorov, 1953 Cardiidae endemic 27
Didacna emendata (Popov, 1983) Cardiidae endemic 37
Didacna subcatillus Andrussov, 1910 Cardiidae endemic 1888
Didacna subcrassa (Pravoslavlev, 1939) Cardiidae endemic 34
Didacna subpyramidata Pravoslavlev, 1939 Cardiidae endemic 10
Hypanis plicata (Eichwald, 1829) Cardiidae endemic 37
Monodacna caspia (Eichwald, 1829) s.l. Cardiidae endemic 867
Monodacna semipellucida (Logvinenko & Starobogatov, 1967) Cardiidae endemic 1
Dreissena caspia Eichwald, 1855 Dreissenidae endemic 1620
Dreissena elata Andrusov, 1897 Dreissenidae endemic 588
Dreissena grimmi Eichwald, 1855 Dreissenidae endemic 105
Theodoxus pallasi Lindholm, 1924 Neritidae native 294
Abeskunus brusinianus (Dybowski & Clessin in Dybowski, 1888) Hydrobiidae endemic 489
Andrusovia brusinai Starobogatov, 2000 Hydrobiidae endemic 39
Clessiniola variabilis (Eichwald, 1838) Hydrobiidae endemic 4867
Ecrobia cf. grimmi (Clessin in Dybowski, 1888) Hydrobiidae native 345
Ulskia ulskii (Dybowski & Clessin in Dybowski, 1888) Hydrobiidae endemic 19
Laevicaspia caspia (Eichwald, 1838) Hydrobiidae endemic 300
Laevicaspia cincta (Abich, 1859) Hydrobiidae endemic 174
Laevicaspia conus (Eichwald, 1838) Hydrobiidae endemic 1135
Laevicaspia kolesnikoviana (Logvinenko & Starobogatov in Golikov & 
Starobogatov, 1966)

Hydrobiidae endemic 514

Laevicaspia vinarskii Neubauer et al., 2018 Hydrobiidae endemic 9
Turricaspia andrussowi (Dybowski & Grochmalicki, 1915) Hydrobiidae endemic 3
Turricaspia? dimidiata (Eichwald, 1838) Hydrobiidae endemic 1
Turricaspia lyrata (Dybowski & Grochmalicki, 1915) Hydrobiidae endemic 562
Turricaspia meneghiniana (Issel, 1865) Hydrobiidae endemic 248
Turricaspia pulla (Dybowski & Grochmalicki, 1915) Hydrobiidae endemic 186
Turricaspia pullula (Dybowski & Grochmalicki, 1915) Hydrobiidae endemic 1
Turricaspia? spica (Eichwald, 1855) Hydrobiidae endemic 1420
Bithynia sp. Bithyniidae * 4
Lithoglyphus naticoides (Pfeiffer, 1828) Lithoglyphidae * 1
Esperiana esperi (Férussac, 1823) Melanopsidae * 1
Anisus cf. spirorbis (Linnaeus, 1758) Planorbidae * 13
Planorbis cf. planorbis (Linnaeus, 1758) Planorbidae * 3
Valvata piscinalis (Müller, 1774) Valvatidae * 8

represented by three families: Dreissenidae (3 species), Cardiidae (10 species), and the Hydrobiidae 
(17 species: see Neubauer et al. 2018). The most abundant bivalve species is Adacna minima (4678 
individuals) and the most abundant gastropod is Clessiniola variabilis (4867 individuals). Thirty of 
the 32 species are Pontocaspian endemics (sensu Wesselingh et al., 2019), the other two are native to
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Table 5.2: Selitrennoye species list and paleoecological indications from literature. References: 1Andreev 

and Andreeva (2003) 2Bogutskaya et al. (2013) 3Glöer (2002) 4Grigorovich, Therriault, and MacIsaac (2003) 
5Logvinenko and Starobogatov (1969) 6Mirzoev and Alekperov (2017) 7Nevesskaja (2007) 8Neubauer et al. 

(2018) 9Parr et al. (2007) 10Mordukhay-Boltovskoy (1974) 11Starobogatov (1994) 12Starobogatov (2000), 13Yanina 

(1981), 14Wesselingh et al. (2019) 15 Chukhchin (1984).

Species Natural salinity ranges (psu) Environment Depth (m)

Adacna laeviuscula min. 5-82, 4-142, min. 45 Caspian Sea.2 Muddy, sandy-mud and, rarely, 
sandy bottoms.2

30-1002, 5

Adacna minima min. 5-82, 14-261 Middle and South Caspian Sea.2 Muddy and 
sandy bottoms.1

0-352

Didacna cristata min. 3, max. 14 Caspian Sea.7 0-50?
Didacna ebersini min. 3, max. 14 Caspian Sea.7 0-50?
Didacna emendata min. 3, max. 14 Caspian Sea.7 0-50?
Didacna subcatillus min. 3, max. 14 Caspian Sea.7 0-50?
Didacna subcrassa min. 3, max. 14 Caspian Sea.7 0-50?
Didacna subpyramidata min. 3, max. 14 Caspian Sea.7 0-50?
Hypanis plicata 4-82,5, max 12-13 Caspian Sea.2 Silty-sandy, clayey soils, hard 

aleurites with shell rock.2
0-402

Monodacna caspia min. 22, max. 82 Northern Caspian Sea.2 Muddy and sandy-mud 
substrates.2

0-2002, 5

Monodacna semipellucida min. 5-82, max. 12-13 Middle Caspian Sea.14 0-402, 5

Dreissena caspia optimum 2-82, max. 12-13 Caspian Sea.2,5 0-402,5

Dreissena elata optimum 2-82, max. 12-13 Middle and Southern Caspian Sea.2 0-402, 5, 14

Dreissena grimmi optimum 2-82, max. 12-13 Middle Caspian Sea.2, 11 35-1002, 11

Theodoxus pallasi optimum 0-82, max. 12-13 Caspian Sea.2 Low salinity seas and large lakes, 
limans and estuaries.5, 10

0-402, 5, 10

Abeskunus brusinianus min. 5-82, max. 12-13 Middle and South Caspian Sea.2 0-2502, 5

Andrusovia brusinai min. 5-82, max. 12-13 Middle and South Caspian Sea.2, 12 45-311 2, 12

Clessiniola variabilis optimum 0-82, 5-715, max. 12-13 Caspian Sea.2, 6 0-3002, 5, 6

Ecrobia cf. grimmi min 2-82, max. 12-13 Southern Caspian Sea.2, 6 25-402, 5

Laevicaspia caspia min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2 30-5002, 5, 6

Laevicaspia cincta min. 5-82, max. 12-13 Southern Caspian Sea.2 20->2502, 9

Laevicaspia conus min. 5-82, max. 12-13 Caspian Sea.2, 6 0-3002, 5, 6

Laevicaspia kolesnikoviana min. 5-82, max. 12-13 Southern Caspian Sea.2 25-4002, 5, 6 

Laevicaspia vinarskii Unknown Northern Caspian Sea.8 unknown
Turricaspia andrussowi min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2, 6 25-5002, 5, 6

Turricaspia? dimidiata min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2, 6 35-5002, 5, 6

Turricaspia lyrata min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2, 6 25-502, 5

Turricaspia meneghiniana min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2 0-402, 5

Turricaspia pulla min. 5-82, max. 12-13 Middle and Southern Caspian Sea.2 15-3002, 5, 6

Turricaspia pullula min. 5-82, max. 12-13 Middle Caspian Sea.2 35-1002, 5

Turricaspia? spica min. 5-82, max. 12-13 Northern and Middle Caspian Sea.2 0-402, 5

Ulskia ulskii min. 5-82, max. 12-13 Southern Caspian Sea.2 35-3002, 5, 6

the region (Theodoxus pallasi and Ecrobia cf. grimmi). The rarefaction curve is nearly saturated, 
suggesting that our sample represents an appropriate estimate of the true richness (Fig. 5.3).
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5.4.3 Paleoenvironment
The fauna from Selitrennoye lived in the open northern Caspian Sea (Fig. 5.1). Autecological 
data for the mollusk species are listed in Table 5.2. The gastropod fauna reflects mesohaline (5-13 
psu) conditions. Although the majority of bivalves give a similar signal (5-13 psu), a few species 
show restrictions for their optimal living conditions. Monodacna caspia has a maximum salinity 
preference of 8 psu. Based on current living Didacna species a paleosalinity around 8-13 psu is 
estimated for all Didacna species. Though, it is known that in general trigonoid Didacna species 
prefer somewhat less saline waters (Yanina, 2012a). Also D. subcatillus is reported to have lived in 
lower saline conditions than most Didacna species (Yanina, 2012a). Although the preferred salinity 
ranges of the 31 analyzed in-situ species overlap between 5-13 psu, we estimate paleosalinity 
around 5-8 psu, limited by the salinity preferences of Monodacna and Didacna. All other species 
are able to survive under those conditions as well. In general, the fauna lived on a sandy lake floor. 
The depth ranges of the most common species overlap between 0 and 45 m. The abundance of the 
grazing snail Theodoxus indicates photic conditions, and sedimentological features indicate current 
flows and possible winnowing, which suggests a location just above the storm wave base. By taking 
approximately half the wave length, the wave base can be calculated (Stoker, 1947). Currently the 
wave lengths in the Caspian Sea fluctuate between 14 m and 50 m, with an average value of 32 m 
(Hartgerink, 2005). We therefore estimate fair weather wave base at 16 m. The limiting minimum 
depths for the gastropod species are between 15 m (Turricaspia pulla) and 25 m (Laevicaspia 
kolesnikoviana, Turricaspia andrussowi and T. lyrata). We therefore estimate paleo-water depths at 
Selitrennoye to be around 15-25 m.

5.4.4 Systematic paleontology
This section provides information on bivalves only; see Neubauer et al. (2018) for notes on the 
gastropods.

Family Cardiidae

Adacna laeviuscula (Eichwald, 1829) 
Fig. 5.4: 1

*1829 G.[lycymeris] laeviuscula Eichwald: 279, pl. 5, fig. 1.
1986 Adacna (Adacna) laeviuscula (Eichwald, 1831). – Yakhimovich et al.: 85, pl. 11, fig. 8.
2013 Adacna laeviuscula (Eichwald, 1829). – Bogutskaya: 377, fig. 154, photo 48.

Dimensions – max. L 32 mm, H 21 mm.
Characterization – Large, subquadrate to subtrigonal thin-shelled flat cardiid with strong 

posterior and slight anterior gape; dorsal margins relatively straight; relatively few ribs that are thin 

203

late pleistocene caspian sea: selitrennoye mollusc diversity



in juvenile stages and become very flat and separated by barely perceptible grooves in adult stages; 
hinge is a mostly edentulous, straight and flat ridge; in juvenile specimens a small cardinal tooth 
may be present that disappears in adult stages.

Ecology – This species has been listed from the entire Caspian Sea from water depths between 
35 and 100 m in salinities of at least 4 psu (Bogutskaya et al., 2013; Logvinenko and Starobogatov, 
1969). The common occurrence of fresh, paired specimens on exposed beaches of the middle 
Caspian (Turali, Russia; Sirvan, Azerbaijan: pers. observ. FW) demonstrates that A. laeviuscula has 
viable populations in foreshore settings above storm wave base indicating shallower habitats than 
previously reported.

Adacna minima Ostroumov, 1907 
Fig. 5.4: 2

*1907 Adacna minima Ostroumov: 23, pl. 4, fig. 1-5.
1969 Adacna minima ostroumovi Logvinenko and Starobogatov: 338, fig. 354, 3.
2013 Adacna minima ostroumovi Logvinenko & Starobogatov, 1969 – Bogutskaya et al.: 378, fig.  
 146.

Dimensions – max. L 16.5 mm, H 12.7 mm.

Fig. 5.3: Rarefaction curve of Selitrennoye diversity with 95% confidence interval and extrapolated richness. 

The triangle indicates the observed richness.
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Characterization – Relatively small subtriangular to subrounded Adacna; shell thin, slightly 
more convex than other Adacna species and in outline resembling some Monodacna species, but 
hinge plate very thin, edentulous with the exception of juvenile stages where a small cardinal tooth 
in LV can be present that disappears in adult stages; dorsal margins usually more or less straight; 

Fig. 5.4: Cardiidae. (1) Adacna laeviuscula; (a) RGM.1309812 LV; (b) RGM.1309813 RV. (2) Adacna minima; 

(A) RGM.1309811 LV; (b) RGM.1309810 RV. (3) Monodacna semipellucida, RGM.1309802 RV; (4) Monodacna 

caspia s.l. (a) RGM.1309803 LV; (b) RGM.1309804 RV. (5) Hypanis plicata; (a) RGM.1309808 LV (b) 

RGM.1309809 RV. Scale bars = 1 cm.
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ribs low, flat regularly spaced and fading toward anterior and posterior margins; in our material 
specimens with relatively well developed low ribs to almost smooth specimens and intermediates 
occur; well-developed growth bands in our material.

Ecology – Species occurs mainly in the middle and south-east of the Caspian Sea, less often in 
the north Caspian Sea (Logvinenko and Starobogatov, 1969). Endemic species living in water with a 
salinity of at least 5-8 psu, preferably muddy, sandy-muddy and, rarely, sandy bottoms, mainly in the 
middle and south Caspian Sea at depths of <40 m (Bogutskaya et al., 2013).

Didacna cristata Bogachev, 1932 
 Fig. 5.4: 6

*1932 Didacna praetrigonoides var. cristata Bogachev: 44, pl. 4, fig. 9-14.
1948 Didacna cristata Bogachev – Fedorov: 19, pl. 1, fig. 4-6, pl. 2, fig. 4-8.
1953 Didacna cristata Bogachev – Fedorov: 127, pl. 16, fig. 1-11.
1983 Didacna cristata Bogachev, 1932 – Popov: 201, pl. 12, fig. 9-22.

Dimensions – max. L 19.8 mm, H 16.3 mm.
Characterization – Medium-sized, relatively high, subtrigonate to subovate convex and robust 

Didacna. Beak clearly defined. Posterodorsal margin steep, thin, well delimited. Semidiameter 
located on posterior ridge that is well developed and sharp. In about half of the specimens two 
elevated ribs form the posterior ridge. Posterior margin rounded angular. Between 15-21 posterior 
ribs that are wide and flat and about three times as wide as the interspaces. Juveniles have a wide 
trapezoid outline with a rounded lower margin and a subtruncate posterior margin. The hinge plate 
and cardinal teeth are robust.

Taxonomic notes: Bogachev (1932b) distinguished the new variety D. praetrigonoides var. cristata 
from typical D. praetrigonoides by its smaller size, more triangular outline and sharper keel. Fedorov 
(1953) showed that the variety not only differs in shape and size from D. praetrigonoides but also 
in its stratigraphic position. While D. praetrigonoides is characteristic for the upper Khvalynian 
deposits, D. praetrigonoides var. cristata is an index fossil of the lower Khvalynian of the east coast 
of the Caspian Sea. Fedorov (1953) mentioned that the juvenile D. praetrigonoides forms are similar 
to D. cristata. Nevesskaja (1958) disagreed with Fedorov while studying a collection of mollusks 
from the Khvalynian deposits of West Turkmenistan. She stated that the Khvalynian beds of 
Turkmenistan yielded relatively small shells (up to 50 mm long), with a well-developed plate like 
a keel and a small number of ribs (23-27). Nevesskaja (1958) concluded that the variety should 
not be regarded as a distinct taxon, since it only shows the plasticity of the species but cannot be 
well delineated in time or space (see also Nevesskaja (2007). In contrast, Popov (1983a) supported 
the opinion of Fedorov (1953) based on a comparative statistical analysis of shell dimensions of D. 
cristata and D. praetrigonoides (Table 41 in Popov, 1983a)). He demonstrated that the differences 
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between D. cristata and D. praetrigonides were bigger than between many others Quaternary 
Didacna species. Here, we follow the view of Fedorov (1953) and Popov (1983a).

Ecology – Unknown (extinct). In general trigonoid Didacna species prefer low salinities (Yanina, 
2012a), but since D. cristata is extinct the paleosalinities can only be inferred.

Didacna ebersini Fedorov, 1953 
 Fig. 5.5: 5

*1953 Didacna ebersini Fedorov: 125, pl. 14, fig. 2, fig. 5, and fig. 6 (? non fig. 1, 3, 4).
1999 Didacna ebersini Fedorov – Fedorov: pl. 12, fig. 1.
1983 Didacna ebersini Fedorov – Popov: 203, pl. 16, fig. 1-16.
2007 Didacna ebersini Fedorov, 1953 – Nevesskaja: 931, pl. 20, fig. 6-16.

Dimensions – max. L 19.0 mm, H 14.9 mm.
Characterization – Intermediate-sized, flat and thin shelled broad trigonate Didacna with flat 

ribs; posterodorsal margin is low and in adult stages not well delimited. The posterior ridge is 
low and subangular and fading during growth. The species have 16-22 posterior ribs. Rib width is 
somewhat irregular but ribs are about as wide as interspaces. In cross-section they are markedly 
low. Juvenile outline is trigonate with a distinct often double keel forming the posterior ridge. The 
base of the juveniles is flat to somewhat concave just before the posterior ridge. Ecology – Unknown 
(extinct).

Didacna emendata (Popov, 1983) 
 Fig. 5.5: 4

*1983 Didacna delenda emendata Popov: 174, pl. 6, fig. 8-20.
2007 Didacna emendata Popov, 1983 – Nevesskaja: 915, pl. 15, fig. 22-23.

Dimensions – L 21.2 mm, H 18.3 mm.
Characterization – Medium-sized, subrounded-subtrigonate relatively flat to semiconvex, high 

and thin-shelled Didacna. Beak clearly defined but low. Posterodorsal margin steep, broad, well 
delimited. Semidiameter located on posterior ridge that is well developed and subrounded. Only 
few of the specimens develop two elevated ribs that form the posterior ridge. Posterior margin 
subangular to angular. Individuals show 22-28 posterior ribs that are thin and flat and about two 
times as wide as the interspaces. Juveniles have a high subtrigonate outline with a rounded lower 
margin and a straight acute posterior ridge resembling the outline of Parvicardium species. The 
hinge plate is narrow, cardinal tooth well developed.

Ecology – Unknown (extinct).
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Didacna subcatillus Andrusov, 1910 
 Fig. 5.5: 3

*1910 Didacna catillus var. subcatillus Andrusov: 78, pl. 9, fig. 22-23.
1953 Didacna subcatillus Andrussov – Fedorov: 127, pl. 14, fig. 16-20
1958 Didacna subcatillus Andrussov – Nevesskaja: 24, pl. 3, fig. 1-6.
1986 Didacna subcatillus Andrussov, 1910 – Yakhimovich et al.: 84, pl. 4, fig. 3, 4. 2007 
  Didacna subcatillus subcatillus Andrussoff, 1910 – Nevesskaja: 935, pl. 21, fig. 6-14.

Dimensions – max. L 43.4 mm, H 33.8 mm.
Characterization – Didacna subcatillus is a broad trapezoid highly variable species that does 

harbor several specific forms that we could link through intermediates forms in the studied material 
(Fig. 5.6: 1-3). The posterodorsal keel is usually low, the posterior margin is rounded. The posterior 
ridge is pronounced and mostly angular in juvenile stages and can become more subrounded in 
adult stages. The posterior ribs range between 18-25. Interspaces are narrow (about 40-60% of 
the width of the ribs). Towards the anterior margin ribs become often less pronounced and the 
posterior rib width and prominence increases towards the posterodorsal ridge. The rib cross-section 
is irregular, usually flat or subrounded. The location of the semidiameter is on the posterior ridge 
in juveniles and close to the center of the shell in adults. The ventral half of the shell is typically 
straight and dipping. Juvenile shells have already a trapezoid to low trigonate outline with a barely 
rounded lower margin and a well-developed posterodorsal keel. We found strong variations in shell 
shapes and sizes and investigated the possible presence of sibling (sub-) species. Some individuals 
grow as large as 43.4 mm (L) x 33.8 mm (H), while 95% of individuals show maximum dimensions 
of 15 mm (L) x 12 mm (H). One particular phenotype is small, has a thick shell that is somewhat 
convex and has markedly thick hinge plate and teeth and regularly developed ribs that have a more 
or less rounded cross-section (Fig. 5.6: 1a, 2a). This form however is connected via intermediates 
(Fig. 5.6: 1b, 1c, 2b, 2c) with thin-shelled forms that are less convex and have thinner hinge features 
(Fig. 5.6: 1d, 2d).

Taxonomic notes – The various forms of Didacna subcatillus have been attributed to a number 
of species and forms in the past, to which Nevesskaja (2007) attributed biostratigraphic value. 
However, we were unable to delimit these forms in our variable material (Fig. 5.8) and consider 
them synonyms.

Ecology – Unknown (extinct). Didacna subcatillus preferred lower saline waters than most 
Didacna species (Yanina, 2012a).

Didacna subcrassa (Pravoslavlev, 1939) 
 Fig. 5.5: 1
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Fig. 5.5: Overview of the Cardiidae. (1) Didacna subcrassa; (a) RGM-1309816 LV; (b) RGM-1309815 RV. 

(2) Didacna subpyramidata; (a) RGM-1309797 LV; (b) RGM-1309814 RV. (3) Didacna subcatillus; (a) RMG-

1309819 LV; (b) RMG-1309820 RV. (4) Didacna emendata; (a) RGM-1309799 LV; (b) RGM-1309798 RV. (5) 

Didacna ebersini; A (a) RGM-1309817 LV; (b) RGM-1309818 RV. (6) Didacna cristata; (a) RGM.1309800 LV; (b) 

RGM.1309801 RV. Scale bars 1 cm.
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*1939 Didacna subcrassa Pravoslavlev: 227, pl. 4, fig. 6-11.
1983 Didacna subcrassa Pravoslavlev, 1939 – Popov: 199, pl, 8, fig. 11-16.
2007 Didacna subcrassa subcrassa Pravoslavlev, 1939 – Nevesskaja: 920, pl. 16, fig. 14-18.

Dimensions – max. L 32.5 mm, H 25.5 mm.
Characterization – Thin-shelled subtrapezoid to subovate to subtrigonate species, usually flat 

and trigonoid in juvenile stages. The posterodorsal keel is poorly delimited, the low angle posterior 
bend is rounded. The posterior ridge is subrounded. It is more pronounced in juvenile stages and 
fading in adult stages. The species has 19-26 posterior ribs. Interspaces are about half to equal width 
of the ribs. Anterior ribs are sometimes poorly developed and rib width increases towards the 
posterior keel. Beak is protruding, the hinge is thin. The location of the semidiameter in juveniles is 
on the posterior ridge but in adults becomes located towards the center of the shell.

Ecology – Unknown (extinct).

Didacna subpyramidata Pravoslavlev, 1939 
 Fig. 5.5: 2

*1939 Didacna subpyramidata Pravoslavlev: 212, pl. 1, fig. 7-8.
1953 Didacna subpyramidata Pravoslavlev, 1939 – Fedorov: 122, pl. 9, fig. 4, 8, pl. 10, fig. 7-10.
1969 Didacna subpyramidata Pravoslavlev, 1939 – Vekilov: 83, pl. 14, fig. 1-4.
1983 Didacna subpyramidata Pravoslavlev, 1939 – Popov: 198, pl. 7, fig. 1-6.
2007 Didacna subpyramidata Pravoslavlev, 1939 – Nevesskaja: 908, pl. 13, fig. 13-18.

Dimensions – max. L 43.8 mm, H 39.5 mm.
Characterization – Large, high, trigonate-convex species with protruding beak; posterodorsal 

margin very steep and clearly delimited; the posterior ridge is sharp and massive. The species 
show 17-21 posterior ribs that are typically 2-3 times as wide as the interspaces. The ribs have a 
subangular to flat-square cross section. Shells are thick and robust as is the hinge. Outline of juvenile 
shells is trigonate and very similar as Didacna emendata but with fewer ribs.

Ecology – Unknown (extinct).

Hypanis plicata (Eichwald, 1829) 
 Fig. 5.4: 5

*1829 G.[lycymeris] plicata Eichwald: 279, pl. 5, fig. 2a-d.
1986 Adacna (Hypanis) plicata (Eichwald, 1829) – Yakhimovich et al.: 85, pl. 7, fig. 2.
2013 Hypanis plicata (Eichwald, 1829) – Bogutskaya et al.: 387, fig. 164, photo 56.
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Dimensions – Estimated max. L 19.5 mm, H 14 mm (all larger shells in the sample are broken). 
Logvinenko and Starobogatov (1969) reported L 35 mm and H 26 mm for this species.

Characterization – Thin-shelled, subquadrangular to subelliptical intermediate convex shell with 
edentulous hinge; shell flattened; ribs are thin, erect and separated by wide concave interspaces.

Taxonomic notes – In the northern Caspian, there are sometimes smaller individuals that can 
resemble somewhat the outline of Adacna vitrea forma glabra, from which they differ by their well-
developed ribs (Logvinenko and Starobogatov, 1969).

Ecology – The species occurs on muddy to sandy-muddy lake floors and shelly firm grounds 
in the north, middle and south Caspian Sea (Bogutskaya et al., 2013). Lives down to 30 m water 

Fig. 5.6: Shape variation in Didacna subcatillus RGM.1310272. (1) Variability of dentition in LV: (a) thick hinge, 

to (d) thin hinge. (2) Variability of dentition in RV: (a) thick hinge, to (d) thin hinge. (3) Shape variability of LV 

(a) oval (b) oval/triangular, (c) triangular. Scale bars = 1 mm.
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depth in salinities between 4-8 psu (Bogutskaya et al., 2013; Logvinenko and Starobogatov, 1969). 
However, our own observations of Hypanis washed ashore along coasts of the Middle and South 
Caspian basins suggest they may have lived in slightly higher salinities as well.

Monodacna caspia (Eichwald, 1829) s.l. 
Fig. 5.4: 4

*1829 C.[orbula] caspia Eichwald: 281, pl. 5, fig. 6.
2013 Adacna (Monodacna) caspia caspia (Eichwald, 1829) – Bogutskaya et al.: 380, fig. 154.
1986 Monodacna caspia (Eichwald), 1938 – Yakhimovich et al.: 84, pl. 12, fig. 12.

Dimensions – max. L 23.3 mm, H 18.6 mm.
Characterization – The small-sized cardiid shows a variety of shapes and sizes in our 

Selitrennoye material. The presence of a series of intermediate morphologies (Fig. 5.7: 1a-e) suggests 
a single polymorphic species. All specimens have a single cardinal tooth and lack the lateral tooth 
that typifies Monodacna, yet the thickness and expression of the hinge is extremely variable. A 
common form is thin-shelled, relatively convex with straight posterior margin and relatively well 
developed, regularly spaced but thin ribs (Fig. 5.7: 1c). This shape conforms to shells of M. caspia 
illustrated in Bogutskaya et al. (2013). Another form is flatter, in general slightly thicker shelled 
and has a distinct wedge-shape (Fig. 5.7: 1a). Its ribs are lower and slightly more irregular than in 
the previous form. This wedge-shaped form conforms to several modern Monodacna species as 
reported in Bogutskaya et al. (2013) such as Monodacna albida (Logvinenko and Starobogatov, 
1967) and M. polymorpha (Logvinenko and Starobogatov, 1967) that have been tentatively grouped 
into one species by Wesselingh et al. (2019).

Taxonomic notes – Our findings of a large morphological variation in Monodacna, with typical 
forms conforming to modern species but also with all kind of intermediates, either shows that 
(1) we are dealing with an ancestral species of all or most of the present-day Caspian Monodacna 
species or (2) that several of the present-day species should be regarded as a single species. A 
combined morphological-molecular approach is required to assess the species delimitations within 
living faunas.

Ecology – Caspian Monodacna species occur in a wide range of habitats today, and given the 
uncertainty of the identity of these species, it is difficult to report the ecological characteristics. 
Species live mainly in northern Caspian Sea on muddy and sandy-muddy substrates at a maximum 
depth of 40 m (Bogutskaya et al., 2013). Monodacna species are filter feeders whose salinity 
preferences range mostly from 2 to 8 psu (Bogutskaya et al., 2013).

Monodacna semipellucida (Logvinenko & Starobogatov, 1967) 
 Fig. 5.4: 3
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*1967 Hypanis semipellucida Logvinenko and Starobogatov: 232-233.
1973 Hypanis semipellucida Logvinenko et Starobogatov, 1967 – Grossu: 144, fig. 27.
2013 Adacna (Monodacna) semipellucida Logvinenko et Starobogatov, 1967 – Kijashko in   
 Bogutskaya et al.: 384, fig. 161, photo 55.

Dimensions – max. L 23 mm, H 16 mm.
Characterization – This species is relatively thin-walled and low, often has an elliptical outline 

in adult stages with low, broad and smooth ribs and narrow interspaces. The ribs and interspaces 
are well visible on the shell’s interior. The most distinct character is the cardinal tooth that is a very 
narrow but well delimited knob that is located well towards the base of the hinge platform.

Ecology – Monodacna semipellucida lives in the Middle Caspian Sea (Bogutskaya et al., 2013; 
Logvinenko and Starobogatov, 1969; Wesselingh et al., 2019), down to 40 m water depth and 
minimum salinities of 5-8 psu (Bogutskaya et al., 2013; Logvinenko and Starobogatov, 1969).

Family Dreissenidae

Dreissena caspia Eichwald, 1855 
 Fig. 5.8: 1-3

*1855 Dreissena caspia Eichwald: 311-312, pl. 10, fig. 19-21.
2013 Dreissena caspia Eichwald, 1855 – Bogutskaya et al.: 321, fig. 109.

Dimensions – max. L 7.4 mm, H 22.7 mm.
Characterization – Elongate, somewhat flat Dreissena with rounded margins; keel low or absent 

resulting in rounded cross-profile. The semidiameter is initially located at the dorsal margin but 
in sub adult stages crosses to the ventral margin. In adult stages, the semidiameter becomes less 
pronounced and is located in the middle of the shell. The posterodorsal margin is broadly rounded 
(and not subangular as in D. elata), the posterior margin is rounded and the anterior margin is 
straight to slightly round. The hinge platform is flat and solid.

Ecology – Dreissena caspia is a filter feeder that used to be common all over the Caspian Sea but 
is now possibly extinct (Bogutskaya et al., 2013). The species seems to be completely outcompeted 
by Mytilaster minimus (Logvinenko and Starobogatov, 1969). The species was most abundant at 
depths up to 40 m (Logvinenko and Starobogatov, 1969), and in a salinity range between 2 and 8 psu 
(Bogutskaya et al., 2013).

Dreissena elata Andrusov, 1897 
 Fig. 5.8: 4-5
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*1897 Dreissensia [sic] polymorpha var. elata Andrusov: 353, pl. 20, fig. 25.
2013 Dreissena elata (Andrusov, 1897) – Bogutskayaet al.: 321, fig. 108.

Dimensions – max. L 9 mm, H 19.4 mm. Logvinenko and Starobogatov (1969) reported H up to 30 
mm.

Characterization – Medium- to thick-shelled triangular-shaped Dreissena with a wide range of 
morphologies, ranging from an elongated form (Fig. 5.8: 4) to a short form (Fig. 5.8: 5). In general, 
the valves have a well-developed keel that runs close to the posteroventral margin; the latter is 
straight or can be concave in its upper half. The initial part of the dorsal margin is flaring and the 
inflection towards the lower dorsal margin is usually well developed. Adult shells can be somewhat 
flaring. The overall shell is broad and the lower margin is rounded.

Taxonomic notes – The systematics and taxonomy of this species are not resolved. Dreissena 
elata has several characteristics in common with the widespread Eurasian D. polymorpha Pallas, 
1771 (whose distribution nowadays also includes North America). The Caspian material resembles 
D. polymorpha, especially with regard to shape of the keel, but it is broader, thicker and somewhat 
flatter. However, also very slender forms exist together with intermediates in the studied material 
(Fig. 5.7: 2). Molecular studies would be required to assess whether D. elata and D. polymorpha are 
conspecific.

Ecology – Before the introduction of Mytilaster minimus, D. elata was abundant in the South and 
Middle Caspian basins at depths of up to 35 m mainly on firm ground and shelly/stony substrate. By 
now, it is probably extinct (Logvinenko and Starobogatov, 1969). The species occurred in salinities 
between 2 and 8 psu (Bogutskaya et al., 2013).

Dreissena grimmi Andrusov, 1890 
 Fig. 5.8: 6-7

*1890 Dr.[eissena] Grimmi Andrusov: 233.2013 Dreissena rostriformis (Deshayes, 1838) – 
Bogutskaya et al.: 330, fig. 117b.

Dimensions – Max. L 9.9 mm, H 22.5 mm.
Characterization – Relatively flat comma- to tear-shaped Dreissena lacking a keel; the ventral 

margin is somewhat concave in its upper half; often a byssate depression is developed; the line of 
semidiameter runs in the middle of the shell; the hinge platform is flat, wide and robust.

Taxonomic notes – This species is commonly known as Dreissena rostriformis (Deshayes, 1838), 
a species originally described from Pliocene deposits of Crimea in the Black Sea basin. Its lectotype 
(as illustrated in Rosenberg and Ludyanskiy, 1994) shows a different shell shape with almost parallel 
sides that result in a subquadrangular overall outline. This shape is mirrored by the pallial line on 
the interior and has not been seen in the drop-shaped outlines of late Quaternary Caspian Dreissena. 
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Hence, the name D. rostriformis should be abandoned for late Quaternary Caspian material; the next 
available name is D. grimmi (Wesselingh et al., 2019). In addition, the four subspecies described 
from the Caspian Sea (Bogutskaya et al., 2013) are likely synonyms as indicated by molecular 
analyses (Stepien et al., 2013). The latter authors however argue for synonymy with the Black Sea 
D. bugensis Andrusov, 1897. That species has a slight but consistent genetic differentiation but 
incompatible ecological preferences in the Black Sea basin compared to the Caspian mussels (e.g. 
salinity preferences of 0-2 psu versus 7-12 psu; Stepien et al., 2013). The introduction of D. bugensis 
in the Volga catchment in the 1980s has not yet led to reconnection of Caspian population of D. 
grimmi (pers. obs.), hence we consider these species as separate species.

Fig. 5.7: Plasticity (shape variability) of (1) Monodacna caspia RGM.1309807. (a) umbo in the middle, more 

square (b) umbo not in middle, more round (c) umbo in the middle, oval (d) umbo not in middle, more 

oval shape. (2) Dreissena elata. (a) RGM.1310278 short, curved (b) RGM.1310280 medium, curved (c) 

RGM.1310280 long, curved (d) RGM.1310280 medium, straight (e) RGM.1310282 long, straight. Scale bars 

under figure numbers are 1 mm.

215

late pleistocene caspian sea: selitrennoye mollusc diversity



Fig. 5.8: Dreissenidae. (1-3) Dreissena caspia Eichwald, 1855: (1a) RGM.1310289 short type, LV; (1b) 

RGM.1310288 short type, RV; (2a) RGM.1310286 medium/curved type, LV; (2b) RGM.1310287 medium/

curved type, RV; (3a) RGM.1310285 elongated type, LV; (3b) RGM.1310284 elongated type, RV. (4-5) Dreissena 

elata (Andrusov, 1897): (4a) RGM.1310283 elongated type, LV; (4b) RGM.1310282 elongated type, RV; (5a) 

RGM.1310279 short type, LV; (5b) RGM.1310278 short type, RV). (6-7) Dreissena grimmi (Andrusov, 1890): 

(6a) RGM.1310276 straight type, LV; (6b) RGM.1310275 straight type, RV; (7a) RGM.1310274 curved type, LV; 

(7b) RGM.1310273 curved type, RV. Scale bars = 1 mm.
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Ecology – Dreissena grimmi lives in the Middle and South Caspian basin at depths between 15 
and 300 m water depth and salinities between 7-12 psu (Bogutskaya et al., 2013).

5.5 Discussion
The taphonomic assessment of the Selitrennoye fauna indicates a very well preserved community 
that is fit to be used as a natural baseline. The few, rare gastropods that differ in their preservation 
state represent a different, probably true freshwater habitat and were likely reworked (through 
bioturbation) from underlying strata or transported to the site by currents. Overall, the taphonomic 
criteria indicate rapid deposition, little time averaging and little physical disturbance.

The sedimentology, taphonomy and autecology of the fauna permits us to reconstruct the 
paleoenvironments; the studied fauna represents a sandy lake floor assemblage of filter feeders, 
particle feeders and one herbivore that lived within the photic zone in approximately 15-25 m 
water depth and lower mesohaline conditions (5-8 psu). During the Hyrcanian stage, the Caspian 
Sea level rose, exceeding the Caspian Sea level of the preceding late Khazarian stage (Kurbanov et 
al., 2018; Yanina et al., 2017a). The climate was slightly cooler and wetter than during the previous 
regressive epoch (Yanina et al., 2017a). Our salinity approximation matches with the estimated 7-8 
psu in the Kerch-Manych strait, where water from the northern Caspian Sea flowed into the Black 
Sea (Kurbanov et al., 2018).

Comparison of faunas between Selitrennoye and those of similar environments in the Caspian 
Sea today give an indication of the magnitude of biodiversity change. Water depths around 15-25 
m and salinities around 8 psu occur today at the transition of the northern and middle Caspian 
basin, even though the setting is more open towards the deep Middle Caspian basin and wave 
induced disturbance of the Caspian Sea floor may reach deeper than in Selitrennoye. However, 
Holocene shelly faunas from these modern environments are different in composition and diversity 
compared to the Late Pleistocene fauna studied here. A shelly residue from the Caspian Sea floor 
on the north-middle Caspian basin transition was obtained offshore Kazakhstan during a field 
campaign 2017 (Fig. 5.9). The sample is dominated by fresh material of the invasive species Abra 
segmentum, Cerastoderma glaucum, and Mytilaster minimus, while only very few fresh specimens of 
very few species of the Pontocaspian endemic complex are present. Similar dominance of Holocene 
immigrant species and almost entire lack of endemic species has been documented from various 
localities in the Middle and South Caspian basins (Kosarev and Yablonskaya, 1994; Latypov, 2015; 
Leroy et al., 2018).

In addition to changing abundances, Late Pleistocene and Holocene Caspian faunas differ in 
their species compositions, yet with considerable variation among systematic groups. The gastropod 
fauna and parts of the bivalve fauna (species of Dreissena, Adacna and Hypanis) found in the Late 
Pleistocene appear the same as those living in the Caspian Sea until the early 20th century (Yanina, 
2012a). On the contrary, the Late Pleistocene Didacna fauna does not contain any species that 
extends into the Holocene. The complete turnover within the genus Didacna has been traditionally 

217

late pleistocene caspian sea: selitrennoye mollusc diversity



used for a detailed biozonation of Quaternary Caspian deposits (Nevesskaja, 2007), yet the apparent 
stability of all other species is new and in marked contrast.

The stratigraphic age of the Selitrennoye fauna is revised here: the fauna is attributed to the 
regional Hyrcanian stage (Late Pleistocene, Marine Isotope Stage MIS5d-c). The sample contains a 
typical Middle-Late Pleistocene Caspian fauna; all genera are known from Khazarian, Hyrcanian 
and Khvalynian deposits (Krijgsman et al., 2019; Popov, 1983b; Yanina, 2014). Previously, the 
fauna was attributed to the Late Pleistocene (MIS5) Late Khazarian regional stage (Neubauer et 
al., 2018; Yanina, 2013a), but the lack of crassoidal Didacna indicator species (Didacna nalivkini, 
D. delenda, D. ovalis, D. karabugasica, D. subovalis, D. ovatocrassa, D. schuraosenica) is at odds 
with such an attribution. The index species of the Late Khazarian, Didacna surachanica (Fedorov, 
1957; Nevesskaja, 2007; Yanina, 2005), is also lacking in the material. Of species characteristic of 
the early Khvalynian (Didacna ebersini, D. parallella, D. protracta, D. praetrigonoides, D. delenda 
and D. zhukovi) only Didacna ebersini is present in the Selitrennoye sample. The Hyrcanian 

Fig. 5.9: Shelly residue from the Caspian Sea floor on the North-Middle Caspian basin transition offshore 

Kazakhstan (44°43.4 N, 50°13.2 E; water depth 8 m). The soft bottom fauna is dominated by Holocene invasives 

such as (1) Abra segmentum, (2) Cerastoderma spec. A sensu Wesselingh et al., 2019, and (3) Mytilaster minimus. 

Pontocaspian endemics occur in this sample (4) Monodacna albida s.l., (5) Didacna spp, (6) Dreissena caspia 

and (7) Turricaspia meneghiniana, yet these all are discolored and presumably pre-20th century).
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faunas have been reported to contain the following Didacna species: D. subcatillus, D. cristata, D. 
schuraosenica, D. pallasi and D. subcrassa (Popov, 1983b; Yanina, 2014), fitting the fauna reported 
here very well. Especially the occurrence of D. cristata together with D. subcatillus is typical for the 
Hyrcanian period (Popov, 1983b). In the literature, it is mentioned that Hyrcanian faunas are often 
accompanied by the freshwater species Corbicula fluminalis (Yanina, 2012a). That species however 
favors fresh water and very low salinities, well below those reconstructed for the Selitrennoye 
assemblage.

5.6 Outlook
Our approach to characterize composition and diversity in a fossil fauna to establish a baseline 
for comparison with biodiversity today will need to be extended to other habitats. So far, the 
Selitrennoye assemblage is the only completely documented Late Pleistocene in-situ fauna from 
the Caspian Sea. Also, Holocene faunas require documentation and characterization for such 
comparisons. A well-resolved taxonomy is paramount for such studies, which is complicated by 
the paucity of suitable assemblages and the difficulties in determining species (Neubauer et al., 
2018; Wesselingh et al., 2019). Establishing species boundaries is moreover hindered by the lack 
of life material of many of the modern endemic Caspian species that are necessary for combined 
molecular, anatomical and morphological analyses (Wesselingh et al., 2019). Shelly assemblages 
like the one documented here, whose taphonomic fidelity and depositional environment are well-
constrained, offer a way forward to document biodiversity change and investigate its drivers. 
Taphonomic characterization of assemblages is an essential step to identify in-situ assemblages and 
allow for comparison with (pre-) Holocene baseline samples.
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Abstract
The Caspian Sea is an evolutionary island whose rich and endemic fauna have evolved in partial 
isolation over the past two million years. Baseline studies of pre-20th century communities are 
needed in order to assess the severity of the current Caspian biodiversity crisis, which mostly 
involves invasive species. An inventory of late Holocene shelly assemblages (c. 2000-2500 cal yrs 
BP) from outcrops in and around Great Turali Lake (Dagestan, Russia) shows a diverse nearshore 
community consisting of 24 endemic Caspian species, two invasive species and two Caspian native 
species that lived in a shallow embayment with mesohaline salinities of circa 5-13 psu (parts per 
thousands). This pre-crisis Holocene Caspian mollusc community serves as a baseline against 
which modern mollusc diversity measurements can be evaluated. Examination of faunas from 
similar environments living today and, in the past, illustrates the dramatic changes in nearshore 
communities during the 20th century. Our study identifies a habitat that may have served as a refuge, 
but that is currently under threat from invasive species. The severity of the Caspian biodiversity 
crisis is comparable with other well-known biodiversity crises in semi-isolated ecosystems such as 
the cichlid fish communities of Lake Victoria, Africa. 

6.1 Introduction
The biggest inland water body on Earth is the Caspian Sea, with a surface area of 371,000 km2. It 
is an anomalohaline lake, whose water level and salinity regimes are determined by a balance of 
runoff and evaporation (Kosarev and Yablonskaya, 1994; Krijgsman et al., 2019). The Caspian Sea 
can be subdivided into three basins: the northern, middle and southern Caspian basin. Each basin is 
characterized by its own temperature, depth, salinity and ecology features and faunas. The Caspian 
Sea is disconnected from the open ocean, and various rivers contribute to the inflow of fresh water 

6

221



to the basin. Most of the water (80%) derives from the Volga River, resulting in a strong north-south 
salinity gradient in the lake (Kostianoy et al., 2005). Near the mouth of the river the salinity is 0 psu, 
the average of the rest of the basin is around 11-13 psu. Currently, the Caspian Sea water level is 27 
m below global sea level (Arpe et al., 2018).

The Caspian Sea has a volatile history of large-scale and rapid lake level change (Badyukova 
and Kalashnikov, 2009; Fedorov, 1978; Ignatov et al., 1993; Kaplin and Selivanov, 1995; Kosarev and 
Yablonskaya, 1994; Kroonenberg et al., 2000, 2007; Rychagov, 2002; Svitoch, 2014; Van Baak et al., 
2019; Varuschenko et al., 1987; Yanina, 2012c), which greatly affected the extent of the lake. During 
the last major high-stand in the Late Pleistocene lake levels rose up to 50m above global sea level (77 
m above current Caspian Sea water level), and an overflow gateway existed north of the Caucasus 
towards the Black Sea (early Khvalynian transgression: Chepalyga, 2007; Yanina, 2014). The major 
cause of the transgression event was the surface runoff increase from the catchment area during the 
period of deglaciation (Arslanov et al., 2016; Sorokin et al., 2018). In contrast, at the time of the last 
big regression in the early Holocene (the Mangyshlak regression: Bezrodnykh and Sorokin, 2016; 
Yanina, 2014) the level of the Caspian Sea was about 100m below the global sea level (73 m below 
the current Caspian Sea water level). The extreme lowstand of the Mangyshlak has been ascribed to 
the colder, more continental climatic conditions during the Boreal (Arslanov et al., 2016). During 
the late Holocene two additional minor highstands were reached; −25 m (compare to −27 m of 
present-day Caspian Sea) around 2600 cal yrs BP, and −26 m during the Little Ice Age (Kroonenberg 
et al., 2007). The Derbant regression during the Warm Medieval period corresponded to a lowstand 
of around 32m (Kroonenberg et al., 2007).

Coinciding with those huge changes, the Caspian endemic fauna has undergone a protracted 
series of diversifications and extinctions during the Quaternary, including several major turnover 
events (Krijgsman et al., 2019; Nevesskaja, 2007; Svitoch and Yanina, 2001; Yanina, 2014). The 
last natural turnover event of the Caspian Sea biota concurred in the early Holocene during the 
Mangyshlak regression (Krijgsman et al., 2019: 10-8 ka) when the Khvalynian fauna became 
replaced by the late Holocene Novocaspian fauna. The pre-20th century Novocaspian faunas (<7 
ka) are characterized by the abundance of endemic cardiid and dreissenid bivalve species (of the 
genera Didacna, Monodacna, Adacna, Hypanis and Dreissena) and endemic hydrobiid gastropod 
species (Clathrocaspia, Laevicaspia, Turricaspia and Abeskunus) (Logvinenko and Starobogatov, 
1969; Sorokin et al., 2018; Svitoch, 2014; Svitoch and Yanina, 2001; Wesselingh et al., 2019; Yanina, 
2011). Three species (Cerastoderma glaucum, Cerastoderma sp. A [non C. rhomboides] and Ecrobia 
grimmi; nomenclature after Wesselingh et al., 2019) established in early Holocene times and lived 
alongside the endemic Caspian species ever since. Cerastoderma glaucum and C. sp. A were probably 
introduced by humans and are still considered invasive in the Caspian Sea basin, but Ecrobia grimmi 
is considered native (Wesselingh et al., 2019).

During the 20th century a major biodiversity crisis unfolded in the Caspian Sea (Kosarev and 
Yablonskaya, 1994; Latypov, 2015). The introduction of a number of euryhaline marine invasive 
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species impacted the Caspian fauna profoundly as shown by observational time series (Kosarev and 
Yablonskaya, 1994) and boxcore data (Leroy et al., 2018). Highly adaptive and competitive marine 
species, which were in part introduced as food source for fish stock, thrived in the mesohaline 
Caspian environment and outcompeted most endemic species (Karpinsky, 2010b). As a result, the 
diverse endemic Caspian mollusc communities became replaced by species-poor communities 
dominated by invasive species (Latypov, 2015; Leroy et al., 2018; Wesselingh et al., 2019). Dense 
populations of invasive species like Mytilaster minimus, Abra segmentum and Cerastoderma spp. and 
the native species Ecrobia grimmi now dominate the coastal faunas (Karpinsky et al., 2005; Latypov, 
2015; Leroy et al., 2018; Mamaev, 2002). Several species of the endemic Caspian fauna are presently 
considered extinct, and for several other species presumed to be alive no living specimens have been 
recorded in the past decades (examples in Kosarev and Yablonskaya, 1994; Wesselingh et al., 2019). 
Beach collecting around the middle Caspian basin at the Great Turali Lake (Russia, 2003), Sarvan 
(northern Azerbaijan, 2015) and Bautino (Kazakhstan, 2017) yielded fresh material of only a limited 
number of Caspian endemic species, such as Theodoxus pallasi, Didacna baeri, D. trigonoides, D. 
parallela, Adacna laeviuscula, A. vitrea and Hypanis plicata (personal observations: FPW, SV and 
VA). Although this suggests that some endemic species still live in the coastal zone, the restricted 
amount of living endemic species implies a major decline in diversity.

A proper insight into the severity of the Caspian biodiversity crisis is hampered because (1) the 
taxonomy of Caspian groups is poorly resolved (Neubauer et al., 2018; van de Velde et al., 2019c; 
Wesselingh et al., 2019), (2) recent expeditions failed to recover living material for the majority of 
the species, and (3) a lack of pre-20th century baseline inventories. Here, we report a fauna from 
shallow-water Novocaspian (Holocene) deposits from several outcrops around the Great Turali 
Lake (Fig. 6.1) located south of Makhachkala along the middle Caspian coast of Dagestan (Russia). 
The Turali fauna provides a baseline for the pre-crisis nearshore Caspian community, which serves 
as a reference point for comparison with present-day communities. By investigating the depositional 
environment and documenting the composition of the fauna, we aim to provide a habitat-
constrained biodiversity baseline for the composition of shallow-water mollusc faunas prior to the 
drastic alterations that took place in the 20th century.

6.2 Study area

6.2.1 Geographical context
The middle Caspian basin is a deep (maximum depth 788m), well-mixed basin with only minor 
summer water stratification resulting in rather uniform salinities across the entire depth range. 
Salinities are typically about 11-13 psu, apart from deltaic areas of rivers draining the north-eastern 
Caucasus where salinities can be locally depressed. The coastal morphology of the western shore 
of the middle Caspian basin is largely determined by wave-action, rapid sea-level change, tectonic 
uplift, as well as local input of terrigenous erosive products from the Caucasian hinterlands. 
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During the Novocaspian stage the Caspian Sea-level rose several meters above the current level 
twice; approximately 2600 cal yrs BP and during the Little Ice Age (Kroonenberg et al., 2007). 
These highstands produced extensive coastal deposits along the entire Caspian Sea, including the 
record treated herein. Our material was collected in and around the Great Turali Lake, which was 
a bay on the west coast of the middle Caspian basin at the time (Kroonenberg et al., 2007, 2000). 
During the 2600 cal yrs BP highstand the bay became gradually more isolated from the sea by an 
eastward growing series of barriers, fed by episodic northwards longshore drift and extensive wave 
action. After an intervening lowstand the final closure occurred during the Little Ice Age highstand 
(Kroonenberg et al., 2007).

6.2.2 Sample sites
Nine samples from five localities are treated in this chapter (Figs 6.1, 6.2). Four of these localities 
are positioned along the Great Turali Lake (Ozero Bol’shoye Turali in Russian) and one at the 
Sulfat Canal that links the lake with the Caspian Sea. The localities are situated on a coastal strip 
some 25 km southeast of the city of Makhachkala. Locality Turali-1 (47°41’20”E, 42°49’54”N) is an 
approximately 50 m long cliff exposure along the east bank of the Great Turali Lake. Sample M0222 
was taken there. Locality Turali-2 (47°41’43”E, 42°49’04”N) consists of a number of very slightly 
westward-dipping layers that are exposed in the shore zone and just below the water table on the 

Fig. 6.1: Geographic context of study site. (a) Map of the Caspian Sea. Source bathymetry: Kostianoy et al. 

(2005): Fig. 1 (p. 7). (b) Location of the outcrops treated in this chapter. Tu1-Tu5 represent outcrops Turali 1-5. 

Brown ridges are Holocene Novocaspian beach barriers (see Kroonenberg et al., 2007).
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south-eastern margin of the Great Turali Lake, south of the Sulfat Canal outlet. Samples M0204, 
M0205 and M0216 derive from these deposits. The third locality Turali-3 (47°42’22”E, 42°49’13”N) 
comprises a series of outcrops along the south bank of the Sulfat Canal. Samples M0202 and 
M0203 were collected there. Turali-4 and Turali-5 represent single sediment layers and these are 

Fig. 6.2: Schematic representation of sections Turali 1-3. Asterisks (*) denote calibrated 14C ages yrs BP. Small 

case letters refer to sedimentary units: a. eastwards-dipping bay fill, b. eastwards-dipping bay fill, c. sand with 

shells along eastward-dipping foresets, d. deformed laminated silts and sands, e. massive gravel beds, f. coarse-

grained pebble lag, g. slightly dipping sand layers with shells, h. low-angle clinoforms with pebbles and shells, i. 

stratified silt stone, lagoonal, j. silt layer with shells, k. Aeolian interval, l. stratified silt stone, lagoonal.
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not illustrated in Fig. 6.2. Turali-4 (47°41’33”E, 42°48’51”N) is a flat grey-yellow silt layer of at least 
50cm thickness with molluscs outcropping on the southern beach of the Great Turali Lake. Samples 
M0220 and M0221 were collected there within a few meters from each other. Turali-5 (47°41’43”E, 
42°49’08”N) is a single shell-bearing sand layer exposed in the shore zone, just below the water table, 
100 meter north of Turali-2. Sample M0215 was taken there.

6.3 Material and methods
For each sample about 1 kg of sediment was washed through a 1 mm-sieve. Molluscs were identified 
to the species level and the total of individuals for each species was counted. For bivalves, all valves 
and fragments containing a hinge were counted. One valve was counted as half an individual, 
whereas for gastropods, a fragment with a protoconch was considered one individual. Final counts 
were rounded up to the next integer. We follow the gastropod taxonomy of Neubauer et al. (2018) 
and Wesselingh et al. (2019). The generic classification of Pontocaspian hydrobiids is subject 
of current studies and nomenclature might further be updated as a result in the near future. For 
bivalves, we used Kijashko in Bogutskaya et al. (2013), Wesselingh et al. (2019) and van de Velde et 
al. (2019). Cases in which we deviate are argued below.

To assess the taphonomic fidelity of the fauna, we examined preservation characteristics of the 
molluscs. Samples were checked for dissolution, abrasion, coloration and fragmentation. Paired 
bivalves, which indicate in-situ samples, were noted. To reconstruct the Holocene environment of 
Turali, we used the published information on species’ preferred environmental conditions (salinity 
ranges, habitat and depth ranges) collected by van de Velde et al. (2019). Additional ecological 
characteristics were assembled from literature data and personal observations for Adacna vitrea, 
Cerastoderma cf. glaucum, Cerastoderma sp. A and Monodacna albida, Didacna baeri, D. eichwaldi, 
D. parallela, D. protracta, D. pyramidata, D. trigonoides, Abeskunus exiguus, Laevicaspia conus and 
Clathrocaspia gmelinii.

Stable isotope data derive from Vonhof et al. (2004). Radiocarbon data were previously 
published by Kroonenberg et al. (2007). The software Calib version 5 was used to calibrate 14C 
ages to calendar years BP. To correct for reservoir ages, the marine calibration curve Marine 04 
was used (Hughen et al., 2004). We used R version 3.5.2 (R Core Team, 2018) and the package 
‘iNext’ 2.0.19 (Chao et al., 2014; Hsieh et al., 2016) to perform rarefaction analyses to estimate the 
representativeness of the samples (Raup, 1975). Land snails and reworked species were excluded 
from this analysis.

The following abbreviations are used: LV = left valve, RV = right valve, RGM = collections of 
Fossil Mollusca, Naturalis Biodiversity Center collection, formerly Rijksmuseum Geologie en 
Mineralogie, Leiden, the Netherlands.
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6.4 Results

6.4.1 Geology and age
Five facies are described in the studied outcrops (Table 6.1). Facies I (beach-berm shingle) and II 
(highstand/regressive shoreface and bay fill) dominate the sections. Other facies include lagoonal 
(Facies III), lagoonal to restricted embayment (Facies IV) and paleosol (Facies V).

Section Turali-1 contains two successive coarsening-up units, with beach settings migrating 
over bay fill deposits. A lagoonal interval is found in between the two coarsening-up units. The 
lower unit comprises a lower interval of eastwards-dipping bay fill (facies IIb, Fig. 6.2-a) overlain by 
beach-berm shingle (facies I, Fig. 6.2-b). Although the contact between the two intervals appears to 
be sharp, increasing pebble lines along the clinoforms at the top of the lower interval in the southern 
part of the outcrop indicate that the contact may become gradual laterally. The upper unit comprises 
three intervals. The lower interval (facies IIb, Fig. 6.2-c) is a body of sand with shells, including 
paired Didacna trigonoides and Adacna laeviuscula, dispersed or lined along eastward-dipping 
foresets. This sand layer has an undulating top, forming a palaeo-relief with height differences 
of about 70 cm. A single 14C age of 2240-2390 cal yrs BP was measured from a paired Didacna 
trigonoides (specimen HV#10a; Table 6.2). Within a depression in the northern half of the outcrop 
a 20 cm-thick succession (Fig. 6.2-d) of deformed laminated silts and sands is found (attributed to 
facies III, Iva and IVb, lagoonal deposits). In the silts and silty sands small paired Cerastoderma are 
common. The 14C ages of Cerastoderma from two silt layers (2000-2140 cal yrs BP and 2060-2240 
cal yrs BP) indicate that the different lagoonal layers are of approximately the same age and only 
a few hundred years younger than the top of underlying sequence I. The lagoonal interval grades 
laterally into the base of massive gravel beds (Fig. 6.2-e) assigned to facies I (beach-berm shingle). 
The shingle grades laterally into more sand-dominated deposits, possibly a gradation into facies 
IIb (fill), which overlays the the lagoonal interval. Finally, a coarsegrained pebble lag (Fig. 6.2-f) is 
found on top of the section that may represent ablation of and soil formation in the underlying 
gravel interval.

Section Turali-2 is formed by slightly dipping layers outcropping on the floor of the lake. The 
stratigraphic thickness is only 90 cm, and the succession is assigned to facies IIb (Fig. 6.2-g). The 
sands and shell layers have a very low-angle westward dip (< 5°). The shell beds yield abundant 
paired, in-situ bivalves dominated by Didacna eichwaldi. The lower boundary of the shelly intervals 
is not sharply delimited. The fauna is comparatively diverse and well-preserved, but minor amounts 
of abraded specimens and fragments as well as some pebbles indicate the proximity of physical 
disturbance. These specimens and fragments either originated from proximal wash-over events 
or are the result of reworking of an underlying transgressive layer by bioturbation. Two paired D. 
eichwaldi specimens in the lower shell bed yield 14C ages of 2080-2240 cal yrs BP and 2050-2210 
cal yrs BP, respectively. The section in Turali-2 may therefore be the lateral equivalent of the upper 
sequence of Turali-1.
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Table 6.1: Sedimentary facies in the Novocaspian (Holocene) deposits near Turali.

Facies Color Lithology Sedimentary structures Details Interpretation

I grey-
yellow

poorly sorted gravel 
with variable amounts 
of coarse-grained 
sands

sediment can be matrix or clast-
supported, bedding poorly and 
irregularly developed

pebbles (1-8 cm), grey to 
orange brown durable 
calcilutite, flattened, 
irregularly oriented or 
slightly imbricate

beach-berm shingle

II yellowish fine to coarse grained 
poorly to reasonably 
sorted sand

low-angle dipping foresets 
with sometimes imbricated 
gravel and shell accumulations 
present, top sets and bottom 
sets rarely found

dispersed shells and 
pebbles 

IIa yellowish sands medium-coarse 
grained

foresets dipping seaward, well 
defined

abraded shells and 
shell fragments, often 
with a mixture of 
colours, dispersed and 
concentrated along 
clinoforms, plugs of flat 
(Ø <2cm), imbricate 
carbonate pebbles occur

eastward prograding 
shore face during 
lake-level fall

IIb yellowish sands mostly fine to 
medium grained

foresets dipping landwards or 
undulating (possibly including 
hummocky cross stratification), 
somewhat irregularly 
developed, locally stacked 
low-angle dipping foresets with 
cross stratification, foresets 
grade laterally into Facies IIc

shells and shell fragments 
on foresets or dispersed 
in sediment, sometimes 
abraded but well-
preserved, include paired 
bivalves (sometimes in 
butterfly preservation) 

washover lobes 
of beach barriers 
formed by storms 
during lake-level 
rise and highstand 
interfingering with 
bay floor successions

IIc grey-
yellow

fine-grained sand 
to silt 

subhorizontal massive or 
poorly stratified 

dispersed well-preserved 
molluscs, including pairs of 
Monodacna and Dreissena, 
shell beds with in-situ 
Didacna dominated faunas 

shallow bay floor

III yellowish-
white 

fine to medium 
grained, well sorted 
sand 

more or less horizontal layering lagoon, possibly with 
substantial input of 
windblown sands.

IV silt to fine grained 
silty sand 

paired subadult and 
juvenile Cerastoderma

IVa silt to medium 
grained sand

massive silt to slightly 
irregularly layered silt-medium 
grained sand laminae

shells, mostly well-
preserved, paired subadult 
and juvenile Cerastoderma 
and Ecrobia grimmi

restricted embayment 
or lagoon with storm-
induced sand layers

IVb fine-medium grained 
silty sands 

silt drapes, sometimes 
overlaying wave ripples

few dispersed shells, 
mostly of Cerastoderma

restricted embayment 
or lagoon lacking 
storm-induced sand 
layers

V grey-
purple-
black 

sand or partially flat-
lying gravel with loam

sand with root fragments 
and dispersed organic 
matter, gravel with 
root traces and some 
organic matter, dispersed 
pulmonate (terrestrial) 
snails

soil developed 
in sandy/gravelly 
substrate

Section Turali-3 (Sulfat Canal) contains two units. The lower circa two-meter unit is a single unit 
assigned to facies IIb (shoreface, Fig. 6.2-h). Low-angle clinoforms with occasional pebbles and 
often abraded shells and shell fragments are present. Some concentrations of worn Dreissena elata
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Table 6.2: Radiocarbon ages (compiled from Kroonenberg et al., 2007).

Sample Species Sample site 14C age (yrs uncal. BP) Calendar age (cal. yrs BP)

HV#06 Cerastoderma sp. A Turali-3 525 ± 33 240-360
HV#08 indet. pulmonate terrestrial snail Turali-3 2603 ± 33 2340-2470
HV#09 Cerastoderma sp. A Turali-1 2370 ± 40 2060-2240
HV#10a Didacna trigonoides Turali-1 2517 ± 41 2240-2390
HV#11 Cerastoderma sp. A Turali-1 2322 ± 37 2000-2140
M0205#1 Didacna eichwaldi Turali-2 2373 ± 38 2080-2240
M0205#2 Didacna eichwaldi Turali-2 2366 ± 30 2050-2210

and Clessiniola variabilis are present. Root traces, dispersed organic matter as well as dispersed, 
slightly decalcified terrestrial snails are found in the upper 30-50 cm indicating soil formation after 
deposition (< 2600 cal yrs BP). This lower unit is overlain by three thin layers, assigned to facies 
IV, II and IV, respectively. The lower silt layer of the upper interval (Fig. 6.2-j) contains abundant 
and well-preserved paired subadult Cerastoderma as well as Ecrobia grimmi. A shell of the former 
yielded a 14C age of 240-360 cal yrs BP. The three upper beds appear to represent mostly lagoonal 
facies with possibly a short Aeolian interval (Fig. 6.2-k) developed in the Middle Ages and thus 
overlie the older Novocaspian deposits with a hiatus comprising approximately 1800 yrs.

Turali-4 and Turali-5 are single layers cropping out along the banks of the Great Turali Lake 
for which no age data are available. Locality Turali-4 comprises a single fine-grained sandy silt 
layer with dispersed molluscs. The layer contains very poorly developed bedding planes. Given the 
location farthest from the shore and close to the escarpment that bounded the landward side of the 
Novocaspian deposits, this layer may be among the oldest Novocaspian intervals. It is considered 
to represent a (relatively shallow) bay floor infill. Locality Turali-5 is a poorly delimited shelly sand 
layer, and like Turali-2 located below the water table.

6.4.2 Taphonomy
The degree of preservation varies within the samples. Samples M0202 and M0203 are dominated 
by abraded (polished) fragments and specimens. Within most other samples the majority of shells 
have retained fine sculptural details, and paired bivalves were observed (Fig. 6.3), but a few abraded 
specimens were found too. These abraded specimens were either induced by storm events or result 
from reworking by bioturbation from underlying layers. In rare cases Late Pleistocene fossil species 
were found in these samples. Both Khvalynian and Khazarian (Late Pleistocene) units crop out very 
close to the study site. The land snails were either introduced in the layers during post-depositional 
soil formation or reworked floating material. 

6.4.3 Faunal composition and taxonomy
All studied material is listed in Table 6.3. The samples represents 28 identifiable aquatic mollusc 
species, of which two (Cerastoderma cf. glaucum, Cerastoderma sp. A) are invasive, and two (Ecrobia
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Table 6.3: Turali species list with mollusc counts per sample. Species indicated with (n) are native species, (i) are 

invasive, and species indicated with (r) are reworked.

Species M0202 M0203 M0204 M0205 M0215 M0216 M0220 M0221 M0222

Cerastoderma cf. glaucum (Bruguière, 
1789) (i)

2.5 1.0 1.5 0.5 1.0 2.0 0.0 1.5 59.0

Cerastoderma sp. A [non C. rhomboides 
(Lamarck, 1819)] (i)

14.5 6.5 752.0 73.5 32.5 263.0 1.0 3.0 36.5

Adacna laeviuscula (Eichwald, 1829) 29.0 0.5 22.5 0.0 0.5 4.0 0.0 5.0 15.5

Adacna vitrea (Eichwald, 1829) 115.5 5.5 42.0 2.5 0.0 11.0 5.5 64.5 18.0

Hypanis plicata (Eichwald, 1829) 29.0 3.0 93.5 2.0 0.5 13.0 1.0 8.5 2.5

Monodacna albida (Logvinenko & 
Starobogatov, 1967)

11.0 26.0 57.0 10.5 4.0 20.0 1.5 7.0 4.0

Monodacna caspia (Eichwald, 1829) 14.5 7.0 27.0 2.5 2.0 7.0 0.0 2.0 2.0

Monodacna semipellucida (Logvinenko & 
Starobogatov, 1967)

7.5 3.0 6.5 6.0 0.0 4.5 0.0 0.5 11.5

Didacna eichwaldi (Krynicki, 1837) 178.5 11.5 332.0 9.5 2.5 96.0 0.5 0.0 0.0

Didacna baeri (Grimm, 1877) 12.5 5.5 18.0 7.0 1.0 7.5 0.0 0.0 0.0

Didacna barbotdemarnii (Grimm, 1877) 2.5 0.0 1.0 0.0 0.0 0.0 0.0 9.0 9.5

Didacna parallela Bogachev, 1932 17.0 0.0 18.5 0.0 0.0 4.0 0.0 0.0 3.5

Didacna protracta (Eichwald, 1841) (r) 1.0 0.0 0.0 1.0 0.0 0.5 0.0 0.0 0.5

Didacna pyramidata (Grimm, 1877) 3.5 0.0 0.0 0.0 1.5 2.0 0.0 0.5 1.0

Didacna trigonoides (Pallas, 1771) 13.5 1.5 32.0 2.0 10.0 8.5 0.0 2.5 17.5

Dreissena caspia Eichwald, 1855 215.0 53.5 15.5 5.5 5.0 24.5 2.0 14.5 51.0

Dreissena elata Andrusov, 1897 1598.0 248.5 3089.0 83.5 38.5 1313.0 37.5 251.0 174.0

Dreissena grimmi (Andrusov, 1890) 7.5 3.5 0.0 0.0 0.0 1.0 0.0 0.0 0.0

Theodoxus pallasi Lindholm, 1924 (n) 104.0 7.0 663.0 51.0 35.0 244.0 1.0 12.0 49.0

Abeskunus brusinianus (Clessin & 
Dybowski in Dybowski, 1887)

11.0 0.0 75.0 0.0 1.0 28.0 0.0 0.0 0.0

Abeskunus exiguus (Eichwald, 1838) 25.0 0.0 26.0 1.0 0.0 16.0 0.0 0.0 1.0

Abeskunus sp. indet. 5.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0

Clessiniola variabilis (Eichwald, 1838) 61.0 18.0 300.0 16.0 12.0 110.0 3.0 2.0 26.0

Ecrobia grimmi (Clessin in Dybowski, 
1887) (n)

126.0 57.0 65.0 15.0 3.0 33.0 2.0 89.0 55.0

Laevicaspia sieversii (Clessin in Dybowski, 
1887)

1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0

Laevicaspia kolesnikoviana (Logvinenko & 
Starobogatov in Golikov & Starobogatov, 
1966)

1.0 3.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0

Laevicaspia conus (Eichwald, 1838) 9.0 0.0 9.0 0.0 0.0 2.0 0.0 1.0 0.0

Clathrocaspia gmelinii (Clessin & Dybowski 
in Dybowski, 1887) (r)

0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Turricaspia spica (Eichwald, 1855) 553.0 88.0 33.0 0.0 4.0 5.0 2.0 13.0 17.0

Turricaspia sp. indet 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0

Pulmonata sp. indet. 14.0 2.0 9.0 1.0 3.0 2.0 0.0 4.0 2.0

grimmi and Theodoxus pallasi) are native species sensu Wesselingh et al. (2019); the remainder are 
endemic Caspian species. The rarefaction curve is nearly saturated for the largest three samples, 
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suggesting that our samples represent an appropriate estimate of the true richness (Fig. 6.4). Pictures 
of all species are shown in Figs 6.5-6.7.

The endemic Caspian fauna contains several endemic species complexes (Logvinenko and 
Starobogatov, 1969; Neubauer et al., 2018), and identifications can be difficult. This is mainly caused 
by the poorly studied variability of mollusc characteristics (Anistratenko et al., 2017) and by the lack 
of data concerning the type material of almost all Caspian species (Anistratenko et al., 2019, 2018; 
Vinarski and Kantor, 2016). First steps in revising the Pontocaspian gastropod fauna are in progress 
(Neubauer et al., 2018; van de Velde et al., 2019c; Wesselingh et al., 2019). Here, we discuss some of 
the taxonomic uncertainties in the Turali fauna

6.4.3.1 Bivalves
We are not entirely certain about the distinction and identity of the two Cerastoderma species in the 
Turali samples (Fig. 6.5A-D). Two forms that coincide with the species as reported by Wesselingh 
et al. (2019) are C. glaucum (Fig. 6.5C-D) and Cerastoderma sp. A (Fig. 6.5A-B). The latter species is 
typically more convex, thick-shelled, has more regularly spaced ribs often with regularly developed 
scales and these ribs usually extend well to the anterior and posterior margins. Cerastoderma 
glaucum in the Turali samples is much thinner shelled, ribs are lower and fade towards the edges of 
the shells. A marked difference exists in the degree of symmetry of the shell, with C. glaucum being 
stronger inequilateral. Also, the number of ribs differs slightly. The length/height (L/H) ratio also 
differs, but that may (partly) result from differences in the shell size of the measured specimens (all 
C. glaucum valves being larger than C. sp. A). Without conducting more elaborate morphometric 
analyses based on a broader range of Pontocaspian material, we feel it premature to introduce a 
new name. Several names have been used for specimens similar to C. sp. A as reported here (see 
Wesselingh et al., 2019).

The common Didacna species (D. trigonoides, D. eichwaldi, D. baeri and D. barbotdemarnii) 
in the Turali material have closely resembling morphologies and a large shell shape variability. 
The distinguishing characters proposed by Nevesskaja (2007) were found to apply to the studied 
material with slight modifications (Supplementary Table S6.1). Didacna trigonoides is convex, 
thin-shelled, high and has an acute posterior ridge (often a double ridge on juvenile stages) and 
flat, relatively few ribs (12-20 anterior ribs). Didacna baeri has a rounded shape, relative low shell 
with more numerous ribs (19-22 anterior ribs). The posterior keel is not well developed and distinct 
only near the umbo. The general shell shape resembles that of D. eichwaldi, but the latter species 
has slightly fewer ribs (typically 18-20 anterior ribs), is more convex, has a more projecting beak 
and a more distinct posterior ridge. Finally, D. barbotdemarnii can resemble juvenile and subadult 
specimens of D. trigonoides but the former has slightly more ribs (16-20+ anterior ribs versus 12-20 
on D. trigonoides) that are low and broad, is broader and flatter with a relatively low beak and the 
posterior ridge is poorly pronounced.
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There still exists uncertainty about the amount and definition of species within the genus of 
Monodacna (Wesselingh et al., 2019). In our material we distinguish three types: Monodacna 
albida, M. caspia and M. semipellucida (Fig. 6.6; G-L). They can all be recognized as Monodacna 
species by their single cardinal tooth and lack of a posterior keel. Monodacna caspia (Fig. 6.6; I-J) 
is a highly variable species, but can be identified by the thick, sturdy, relatively convex shell and the 
regularly spaced, almost flat ribs. Interspaces are narrower than the ribs. The beak is almost centrally 
located and slightly curved towards the anterior margin. Monodacna albida (Fig. 6.6; G-H) can 
be distinguished by its wedge-shape shell outline and its low flat ribs that are irregularly spaced. 
The location of the beak is in the centre of the shell. Monodacna semipellucida (Fig. 6.6; K-L) can 
be distinguished from M. albida by being relatively thin-walled. Moreover, the shell is lower, often 
elliptical and bears a very characteristic, very thin, tuberculate cardinal tooth. The ribbing is weak 
and the beak is located towards the anterior margin.

We are uncertain about the identity of Dreissena elata (Fig. 6.6; O-P). The shells are 
morphologically similar to the Palearctic D. polymorpha, even though Caspian shells are in general 
lower, thicker and are often wider. The habitats of genuine D. polymorpha and the Caspian D. elata 
are apparently non-overlapping, with the former restricted to habitats of fresh water up to 2 psu 
in the Volga delta and adjacent rivers, while the latter occurred in the coast of the Caspian Sea in 
salinities of 7-13 psu (Orlova et al., 2005). However, the D. elata populations disappeared in the 
second half of the 20th century. They were outcompeted by Mytilaster minimus, thereby impeding 
a molecular taxonomic assessment. If D. elata is confirmed as a separate species, it might well be 
extinct. 

Fig. 6.3: Paired Didacna eichwaldi (Turali-2, sample M0205) exposed just below the water table of the Great 

Turali Lake. Width of the shells approximately 2 cm. Photograph SBK, 2002.
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6.4.3.2 Gastropoda
The Turali sample of Theodoxus pallasi contains a remarkable variation of colour patterns and 
shapes (Fig. 6.7; K, L). Colour varieties range from dotted specimens to zig-zag coloured specimens, 
and the general shape varies from ovate to elongate. The latter shape is often attributed to T. schultzii 
(Fig. 6.7; L), but in our material we see intermediate forms as well. A recent molecular approach 
suggests that all forms from the Caspian Sea might be conspecific with the Armenian T. major Issel, 
1865 (Sands et al., 2019b).

The identification of Abeskunus species was difficult because different species concepts have 
been proposed (Logvinenko and Starobogatov, 1969; Neubauer et al., 2018). Here, we distinguish 
two species, Abeskunus brusinianus (Fig. 6.7I-J) and Abeskunus exiguus (Fig. 6.7M). The former 
species involves a considerable morphological variability as to the height of the spire and two 
morphs were found (Fig. 6.7I-J). Further taxonomic study is required to assess whether the two 
shapes of A. brusinianus represent ecomorphs or distinct species.

Shells of Clessiniola variabilis, Ecrobia grimmi, Laevicaspia conus and L. sieversii contain a 
wide range of variability too. Sometimes it is difficult to distinguish one species from other, e.g. L. 
conus and L. sieversii, and molecular and/or more in-depth morphological and anatomical studies 

Fig. 6.4: Rarefaction curves of the Turali samples with 95% confidence interval and extrapolated species 

richness for double sample size.
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are required. In some cases, morphological variation seems to be very well defined. For example, 
modern specimens of Turricaspia spica fit well in shape and size with the extensive specimens from 
Turali (Fig. 6.7; G).

6.4.4 Palaeoecology
Ecological data for mollusc species is given in Table 6.4. The majority of the Turali fauna represents 
salinities between 5 and 13 psu, indicating a lower to upper mesohaline environment. The upper 
salinity tolerance of Monodacna caspia has previously been reported as 8 psu (van de Velde et 
al., 2019c), but personal observations of species present in the middle and southern Caspian Sea 
indicate an upper salinity tolerance of 12-13 psu instead. All species are able to live within the 
depth range of 0 to 50 m on a silty sandy to muddy lake floor. The abundance of Theodoxus, a 
grazer of microalgae, confirms the fauna lived within the photic zone. Direct evaluation of vertical 
distribution of species inhabiting the Caspian Sea (Kolesnikov, 1947; Tarasov, 1996; Tarasov and 
Chepalyga, 1996) supports the conclusion about a shallow environment for the Novocaspian Turali 
molluscs. A similar composition of faunal communities (the absence of deep-dwelling forms) can be 
observed along the Dagestan shore today. This corresponds well with shallow bay and barrier facies 
from where the faunas were collected. No species that inhabit depths over 30 m such as Didacna 
profundicola, Clathrocaspia spp., Ulskia ulskii, Turricaspia elegantula, T. dimidiata and Andrusovia 
spp. were found.

The samples represent washover-bay floor transitions between 2000 and 2400 cal yrs BP and the 
presence of paired bivalves in almost all samples shows that these faunas were mostly in situ. The 
faunal composition (species group ratios) is similar in the samples. The most abundant species is 
Dreissena elata (52% of all individuals, the species occurs in all samples), followed by Cerastoderma 
sp. A, Theodoxus pallasi (each accounts for 9% of the total abundance, both occur in all samples). 
The common occurrence of the grazing gastropod T. pallasi in all samples indicates shallow 
environments in the photic zone.

Fig. 6.6 (opposite page): Late Holocene Novocaspian bivalve species from Turali, with indication of sample 

and collection number. LV displayed on the left, RV on the right. A-B Adacna laeviuscula (Eichwald, 1829). A 

M0222, RGM.962359 B M0222, RGM.962358 C-D Adacna vitrea (Eichwald, 1829) C M0221, RGM.962360 D 

M0221, RGM.962361 E-F Hypanis plicata (Eichwald, 1829) E M0221, RGM.962362 F M0221, RGM.962363 

G-H Monodacna albida (Logvinenko & Starobogatov, 1967) G M0202, RGM.962364 H M0202, RGM.962365 

I-J Monodacna caspia (Eichwald, 1829) I M0204, RGM.962367 J M0205, RGM.962368 K-L Monodacna 

semipellucida (Logvinenko & Starobogatov, 1967) K M0222, RGM.962369 L M0222, RGM.962370 M-N 

Dreissena caspia Eichwald, 1855 M M0222, RGM.962371 N M0202, RGM.962372 O-P Dreissena elata 

Andrusov, 1897 O M0203, RGM.962375 P M0221, RGM.962376 Q-R Dreissena grimmi Andrusov, 1890 Q 

M0203, RGM.962374 R M0202, RGM.962373. Scale bars 5 mm. 
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6.5 Discussion

6.5.1 Novocaspian mollusc biodiversity and palaeoenvironment
The Turali fauna contains a snapshot of a pre-20th century mollusc fauna from shore and shallow bay 
environments in the western-middle Caspian basin. The palaeoenvironment (depth, depositional 
energy, temperature) is constrained by the sedimentary facies and ecological preferences of 
the species. The Turali setting represents a semi-open shallow bay with beach ridges partially 
isolating the bay from the main Caspian Sea (Fig. 6.8). The differences in the palaeoenvironment 
are minimal between individual sites and there are no strong dissimilarities regarding facies, age, 
mollusc diversity and palaeoenvironment that are not in concordance with the general results. The 
sedimentary succession represents mostly transitional settings between beach barriers and bay 
floor environments of around 2000-2400 cal yrs BP and the palaeoecology of the mollusc faunas 
fits with such environments. Sclerochronological analyses of stable isotope ratios in the molluscs 
shows strong seasonal changes in oxygen and carbon isotope values, which are generally in line with 
seasonal changes in temperature and salinity in the nearby Caspian Sea today (Vonhof et al., 2004). 
The setting resembles that of the Sulaksky Bay north of Makhachkala (Dagestan).

In total, we encountered 28 identifiable species: 24 are Pontocaspian endemics, two species are 
native, and two are invasive. Of the 24 endemics, only two species were found as reworked species. 
The Turali fauna is dominated by Dreissena elata, Cerastoderma sp. A and Theodoxus pallasi. 
Common species are Turricaspia spica, Didacna eichwaldi, Clessiniola variabilis, Dreissena caspia, 
Ecrobia grimmi, Adacna vitrea, Monodacna albida, Hypanis plicata and Abeskunus brusinianus. The 
invasive species (Cerastoderma spp.) are common but not dominant.

The species composition indicates a palaeo-water depth between 0 and 50 m, even 
though the majority of species prefer the shallowest parts of these depths and sedimentary 
structures indicate very shallow depositional depths. The salinity range varies between 
5 and 13 psu. These estimated salinity ranges overlap with the current salinity in the 
middle Caspian basin (11-13 psu). Caspian Sea levels around 2600 cal yr BP were very 
similar to today’s Caspian Sea level (around -25 m versus -27 m today: Kroonenberg 

Fig. 6.7 (opposite page): Late Holocene Novocaspian gastropod species from Turali, with indication of sample 

and collection number. A Clathrocaspia gmelinii: M0203, RGM.1309848 B Clessiniola variabilis: M0204, 

RGM.1309864 C Ecrobia grimmi: M0202, RGM.1309863 D Laevicaspia sieversii: M0204, RGM.1309849 E 

Laevicaspia kolesnikoviana: M0221, RGM.1309850 F Laevicaspia conus: M0204, RGM.1309851 G Turricaspia 

spica: M0202, RGM.1309858 H Turricaspia sp. indet. M0222, RGM.962401. I Abeskunus brusinianus: low 

morph, M0204, RGM.962355 J Abeskunus brusinianus: high morph, M0204, RGM.962355 K Theodoxus pallasi: 

M0204, RGM.130985, L. Theodoxus pallasi: M0220, RGM.1309862, M Abeskunus exiguus, M0204, RGM.962357. 

Scale bars 1 mm.
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et al., 2008), hence it is likely that salinity regimes were similar to today’s salinity. 

6.5.2 Holocene versus Pleistocene faunas
The Turali faunas have aspects in common with other Late Pleistocene Caspian communities. 
Thirteen bivalve species and 24 gastropod species were identified at a Hyrcanian (c. 107 ka) 
outcrop at Selitrennoye (Russia): 99% of the individuals belong to endemic species (van de Velde 
et al., 2019c). The Selitrennoye assemblage is dominated by the same three families as the Turali 
assemblages: Cardiidae, Dreissenidae and Hydrobiidae. The authors estimated palaeosalinities 
between 5 and 8 psu (it might be slightly higher as the estimate was partially based on an erroneous 
upper salinity tolerance of 8 psu for Monodacna caspia, while our current observations show 
a limit of 12-13 psu instead). Half of the species (14 out of 28) found at Turali are also found at 
Selitrennoye. The genus Didacna shows a completely different species composition on both sites, 
illustrative for the rapid turnover of Didacna species in particular (Nevesskaja, 2007).

6.5.3 Comparison with Caspian biodiversity of today
Latypov (2015) studied invertebrates from the Sulaksky Bay, where a number of stations down to 
4 m water depth were sampled during 1994-2001. He did not report salinities, but these may have 
been slightly lower than in the adjacent Caspian Sea because the bay itself borders on the Terek 
River delta. Otherwise Sulaksky Bay yields an almost identical environment as the Turali settings 
(shallow open bay in the proximity of beach barriers). Latypov (2015) reported a predominant 
Abra-Cerastoderma community dominated by three invasive species A. segmentum, M. minimus as 
well as C. glaucum (which likely includes C. sp. A). He only reported seven Pontocaspian species 
from extensive sampling efforts. The sampling design is not entirely clear and differs from our Turali 

Fig. 6.8: Reconstruction of Turali Bay, c. 2300 cal yr BP. The palaeocoastline is approximately based on the 

estimated lake level reconstructed for the time of deposition.
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Table 6.4: Environmental indicators: optimal living conditions of Turali species. References: 1Bogutskaya et al., 

2013, 2Logvinenko and Starobogatov, 1969, 3Mirzoev and Alekperov, 2017, 4 Nevesskaja, 2007, 5Starobogatov, 

1994, 6Yanina, 1981, 7Wesselingh et al., 2019, 8Chukhchin, 1984, 9Vinarski and Kantor, 2016. * Our findings point 

towards shallow foreshore environments.

Species Origin Natural salinity ranges 
(psu)

Environment Depth (m)

Cerastoderma cf. glaucum Invasive7 Min. 5-81, 10-236 Caspian Sea.1 10-501, 5-406

Cerastoderma sp. A [non 
C. rhomboides]

Invasive7 Min. 5-81, max 12-13 Caspian Sea.1 0-401

Adacna laeviuscula Endemic1 Min. 5-81, 4-141, min. 42 Caspian Sea.1 Muddy, sandy-mud and, 
rarely, sandy bottoms.1

30-1001, max. 80-852 *

Adacna vitrea Endemic1 Min. 5-81, max 12-13 Caspian Sea.1, 2 0-401, 20 rarely 302

Hypanis plicata Endemic7 4-81, 2, max 12-13 Caspian Sea.1 Silty-sandy, clayey soils, 
hard aleurites with shell rock.1

0-401, 0.5-301, 2

Monodacna albida Endemic1 Min. 5-81, max 12-13 Middle and southern Caspian Sea.1,2 0-1501, 2, 200-4003

Monodacna caspia Endemic1 2-81, max 12-13 Northern Caspian Sea.1 Middle & 
southern Caspian Sea5 Muddy and 
sandy-mud substrates.1

0-401, 0-2002

Monodacna semipellucida Endemic1 Min. 5-81, max 12-13 Middle Caspian Sea.1 0-401, 0-302

Didacna eichwaldi Endemic9 Min. 3, max. 141 Middle and southern Caspian Sea.1 

Western and eastern Caspian Sea.4
7.5-601

Didacna baeri Endemic1 Min. 3, max. 141 Southern Caspian Sea.1 Southern 
Caspian Sea and southern part of the 
middle Caspian Sea.2, 4

0-501, 6, 0-602

Didacna barbotdemarnii Endemic1 Min. 3, max. 141 Middle and southern Caspian Sea.1 0-401

Didacna parallela Endemic1 Min. 3, max. 141 Middle and southern Caspian Sea.1 50-1001, 50-852, 6, 
200-3003

Didacna protracta Endemic1 Min. 3, max. 141 Middle and southern Caspian Sea.1, 2, 4 25-501, 2, 25-756

Didacna pyramidata Endemic1 Min. 3, max. 141 South Caspian Sea1, Southern and 
middle Caspian Sea.2, 4

35-1301, 30-100

Didacna trigonoides Endemic1 Min. 3, max. 141 Caspian Sea.1 Northern Caspian Sea.2 5-601

Dreissena caspia Endemic1 Opt. 2-81, max 12-13 Caspian Sea.1,2 0-40?1, 0-352

Dreissena elata Endemic1 Opt. 2-81, max 12-13 Middle and southern Caspian Sea.1 0-40?1, 0-352, 0-307

Dreissena grimmi Endemic1 Opt. 2-81, max 12-13 Middle Caspian Sea.1, 5, 2 35-1001, 45-802,5, 
200-4003

Theodoxus pallasi Native7 Opt. 0-81, max 12-13 Caspian Sea.1 Low salinity seas and large 
lakes, limans and estuaries.2

0-401, 0-352

Abeskunus brusinianus Endemic1 Min. 5-81, max 12-13 Middle and southern Caspian Sea.1 0-2001

Abeskunus exiguus Endemic1 Min. 5-81, max 12-13 Northern Caspian Sea.1 0-401

Clessiniola variabilis Endemic1 Opt. 0-81, 5-78, max 12-13 Caspian Sea.1, 3 0-252, >201, 200-3003

Ecrobia grimmi Native7 Opt. 2-81, max 12-13 Southern Caspian Sea.1, 3 >251, 25-402

Laevicaspia sieversii Endemic1 Min. 5-81, max 12-13 Caspian Sea.1, 3 0-1201, 2, 200-3003

Laevicaspia 
kolesnikoviana

Endemic1 Min. 5-81, max 12-13 Southern Caspian Sea.1 25-1201, 25-1802, 
200-4003

Laevicaspia conus Endemic1 Min. 5-81, max 12-13 Caspian Sea.1, 3 25-501, 2, 200-3003

Clathrocaspia gmelinii Endemic1 Min. 5-81, max 12-13 Middle and southern Caspian Sea.1, 2 35-1001, 30-812,200-
3003

Turricaspia spica Endemic1 Min. 5-81, max 12-13 Northern and middle Caspian Sea.1, 2 0-401, 0-302
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approach, yet the numbers reported and the presence of small amounts of species in Latypov’s 
analyses indicate that today’s richness is more than three times as low and that communities now 
are dominated by invasive species and natives instead of endemic species.

A similar division has been observed in grab samples taken offshore Turali (samples taken by 
FPW): (1) Novocaspian shells and fragments with darker grey-blue-brown colour and extensive 
surface wear and (2) light coloured specimens with preservation of fine surface details and often 
presence of colouration and/or organic remains representing the 20th century assemblage (Fig. 6.9). 
The separation of the shelly residue allows a basic comparison. The fresh-looking fauna component 
there is dominated by the native C. sp. A and E. grimmi and the invasive A. ovata and M. minimus. 
Only some fresh specimens of the Pontocaspian Clessiniola variabilis were found. The older fraction 
of the sample represents pre-20th century Novocaspian species such as Dreissena caspia and D. elata, 
Didacna baeri, D. barbotdemarnii as well as Caspian hydrobiid species.

The dominance by invasive species in modern assemblages is not restricted to the middle 
Caspian basin as is shown by a faunal inventory from nearshore settings in Gorgan Bay in Iran 
(Leroy et al., 2018) in the southern basin. Three samples taken between 5.2 m and 8.6 m water depth 
contained only nine species (n=226). The samples are also dominated by the native species Ecrobia 
grimmi, ancient invasive Cerastoderma glaucum/C. sp. A and the 20th century invasive Abra 

Fig. 6.9: Box core residue (sample M0267, c. 2 km off shore Turali at a water depth of 9.4 m) separated into the 

dark Novocaspian (left) and light 20th century (right) fractions defined in the text. Largest shell c 1.5 cm 

across.
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Table 6.5: Overview of mollusc species biomass abundances (mg/m2), collected at the environmental 

monitoring programme of the north-east Caspian Sea (2005-2016). *Status based on Wesselingh et al (2019). 

Macrozoobenthos samples were taken with van Veen grab sampler (0.1 m2), Petersen Dredger (0.025 m2) and 

tubular dredger (0.002 m2) along four sites: Kashagan, Aktote, Kalamkas sites and the oild field pipe route in the 

north-east Caspian Sea. From: North Caspian Operating Company et al (2018).

Species 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Theodoxus pallasi Lindholm, 1924 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.15
Clathrocaspia gmelinii (Clessin & Dybowski 
in Dybowski, 1887)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00

Clathrocaspia sp. 8.95 0.00 0.00 5.16 3.36 6.68 6.52 5.94 3.30 3.18 4.97
Laevicaspia conus (Eichwald, 1838) 0.00 0.00 0.00 0.79 0.52 0.00 0.00 0.00 0.00 0.00 0.00
Turricaspia andrussowi (Dybowski & 
Grochmalicki, 1915)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00

Turricaspia uralensis (Logvinenko & 
Starobogatov, 1969)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15

Abeskunus brusinianus (Clessin & Dybowski 
in Dybowski, 1887)

0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00

Abeskunus sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00
Gyraulus eichwaldi (Clessin & Dybowski in 
Dybowski, 1887)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00

Mytilaster minimus (Poli, 1795) 0.00 0.00 0.99 3.28 1.29 0.53 0.00 0.09 0.00 0.00 0.15
Adacna minima Ostroumov, 1907 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15
Adacna vitrea (Eichwald, 1829) 23.64 9.52 17.82 24.60 5.94 1.34 0.28 4.28 7.49 5.51 12.13
Cerastoderma glaucum (Bruguière, 1789)/ 
C. sp. A*

0.00 0.00 0.74 2.38 3.88 29.95 58.92 81.12 59.71 78.83 71.49

Didacna trigonoides (Pallas, 1771) 60.06 28.57 49.50 67.86 63.31 32.35 20.11 18.44 22.99 21.69 25.88
Didacna protracta (Eichwald, 1841) 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.58
Didacna pyramidata (Grimm, 1877) 0.00 0.00 0.00 0.00 2.33 0.00 0.00 0.00 0.00 0.00 0.00
Didacna sp. 0.64 0.00 0.50 0.40 0.00 0.00 0.00 0.00 0.00 0.09 0.44
Monodacna albida (Logvinenko & 
Starobogatov, 1967)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.15

Monodacna colorata (Eichwald, 1829) 58.79 61.90 75.74 90.48 67.70 26.47 11.90 21.59 38.06 31.93 42.98
Monodacna caspia (Eichwald, 1829) 7.99 0.79 25 0.00 0.00 0.00 0.00 0.00 0.00 0.52 0.00
Monodacna sp.? 0.32 0.00 6.93 0.00 0.26 0.27 0.57 0.61 0.00 0.09 1.61
Abra segmentum (Récluz, 1843) 38.98 75.40 77.48 89.29 91.21 96.52 96.03 92.92 86.72 89.76 95.32
Dreissena caspia Eichwald, 1855 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dreissena polymorpha s.l. (Pallas, 1771) 61.02 29.37 19.06 58.73 52.45 11.76 0.00 0.44 0.00 0.09 0.29
Bivalvia gen. et sp. indet. 16.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15

 segmentum that make up 97% of the total abundance. Fresh-looking shells of endemic species (five 
species) made up only 3%.

The impact of recent invasions on the Caspian fauna is shown in observational time series such 
as those of the environmental monitoring programme (2005-2016) of the North Caspian Operating 
Company (NCOC, 2018). It shows the species richness and biomass of the north-eastern Caspian 
Sea benthic communities (NCOC, 2018; summary in Table 6.5) as well as the current distribution 
of native and foreign mollusc species. In total, the NCOC monitoring provided 21 endemic 
Pontocaspian mollusc species and 3 marine invasive species (Mytilaster minimus, Cerastoderma 
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glaucum [which likely includes C. sp. A] and Abra segmentum). The marine invasive species of this 
ten year record make up half the biomass (49%), and Monodacna colorata, which originated in the 
Black Sea basin, accounts for another 20%, leaving 29% of the biomass for endemic Caspian species. 
Abra segmentum, which accounts for 34% of the total biomass, was introduced as a food source 
for fish (Malinovskaya and Zinchenko, 2011). As opportunistic euryhaline species A. segmentum 
outcompeted the native Pontocaspian species (Karpinsky, 2010b). Invasive species make up 10% 
of the specimen numbers in the Turali faunas while they represent almost 70% of the biomass in 
the modern north-eastern Caspian assemblage. The endemic Pontocaspian fauna has formed over 
a long period of time and never had to face competition of marine species before (Kostianoy et al., 
2005). The introduction of new marine invasive species, intentionally or accidentally, is expected to 
have a very strong and adverse impact on the native Pontocaspian fauna.

6.5.4 Refuges
Beach collections from the Great Turali Lake and later at Sirvan (Azerbaijan) and Bautino 
(Kazakhstan: all alongside the middle Caspian basin) delivered fresh material of a number of 
Pontocaspian endemic bivalves: Adacna vitrea, A. laeviuscula, Didacna protracta, D. trigonoides, 
D. barbotdemarnii and Hypanis plicata. It concerns specimens with often paired valves, preserved 
colour patterns and organic remnants. This indicates that these bivalve species still live alongside 
the. invasive species within the foreshore habitats. For several of the species only deeper habitats 
have been mentioned before: for example, Adacna laeviuscula, has been reported from depths 
ranging between 35 m and 100 m (Bogutskaya et al., 2013; Logvinenko and Starobogatov, 1969). 
The foreshore habitats merit further exploration as they may comprise a refuge for a particular set of 
Pontocaspian species. Within the Black Sea similar foreshore habitats have been invaded by Anadara 
inaequivalvis/kagoshimensis, Mya arenaria and Rapana venosa. Such species may have the ability to 
seriously impact the Caspian foreshore assemblages and further marginalize endemic species in case 
they might be introduced there.

6.6  Conclusions
The studied Holocene Turali fauna represents a snapshot of a pre-20th century crisis middle Caspian 
open bay to shoreface mollusc community. Comparisons with present-day data are qualitative, but 
indicate the loss of many endemic Caspian species and a very large turnover in such communities. 
However, it is likely that a foreshore community still exists where alongside immigrant species a 
number of endemic Caspian species still thrive. This foreshore habitat is in need of further 
investigations as it may be threatened by further invasive species.
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Supplementary Table S6.1. Morphological and morphometric data of Didacna species. Slightly modified from 

Nevesskaja (2007). *Didacna crassa in Nevesskaja (2007).

Rib number Convexity (Width/
Length)

Beaks projecting 
(Height beak/Height)

Keel bend

Didacna trigonoides 12-20 anterior
5-8 posterior

Convex to very 
convex
0.27-0.37 average 
0.32-0.34

Moderately or 
significantly projecting
0.12-0.19 average 
0.15-0.16

Very sharp at the beak, becoming 
smoother downwards

Didacna baeri 19-22 anterior
6-8 posterior

Moderately convex
0.25-0.35 average 
0.28-0.30

Relatively low or 
moderately projecting
0.06-0.13 average 
0.08-0.11

Distinct only at the beak, 
becoming smooth downwards

Didacna eichwaldi * 18-20 anterior
5-8 posterior

Moderately to very 
convex
0.24-0.37 average 
0.28-0.33

Moderately or 
significantly projecting
0.10-0.17 average 
0.12-0.15

Rather sharp at the beak, 
becoming smooth downwards

Didacna barbotdemarnii Poorly developed, 
difficult to count
16->20 anterior

Slightly convex
0.15-0.23 average 
0.18-0.20

Relatively low
0.06-0.09 average 0.08

Distinct only at the beak, 
becoming poorly pronounced/
smooth below

Beak Apical angle Length Height/Length

Didacna trigonoides Acute triangular 85°-118°
average 104°-107°

Up to 60 mm;
occasionally 65 mm

0.72-0.96
average 0.80-0.84

Didacna baeri Blunt or slightly 
carinate

95°-120°
average 110°-115°

Up to 40-50 mm 0.70-0.88
average 0.75-0.80

Didacna eichwaldi * Carinate to greater 
or lesser extent

90°-120°
average 105°-115°

Up to 55 mm 0.69-0.88
average 0.74-0.84

Didacna barbotdemarnii Blunt or poorly 
carinate

116°-130°
average 123°-126°

Up to 20 mm 0.66-0.72
average 0.68-0.70
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Appendix:  
Data report on mollusc assemblages 

from Late Quaternary borehole of the 
northern Caspian Sea

In preparation:
van de Velde, S., Yanina, T.A., Neubauer, T.A., Berdnikova, A., Garova, E., Wesselingh, F.P. Evolution 
of northern Caspian Sea mollusc faunas during the Late Quaternary.

7.1 Introduction
The Caspian Sea has a very dynamic history of regressions and transgressions and salinity gradients 
(Krijgsman et al., 2019; Yanina, 2014). The biota inhabiting the Caspian Sea adapted to these 
fluctuating environmental conditions, resulting in a unique species diversity and a high endemism 
up to 100% in some faunal groups (Dumont, 2000). No research has been done on the development 
of faunal assemblages through time even though some groups are well known to have experienced 
major periods of turnover (e.g. Didacna species: Nevesskaja, 2007; Yanina and Khomchenko, 2014). 
In this data report, the mollusc diversity of five regional stratigraphic stages covering the last 120 
kyr (late Khazarian, Hyrcanian, early Khvalynian, late Khvalynian, Novocaspian) is analysed from 
a 67.8 m core taken in the northern Caspian Sea. The aim of the study in preparation is to examine 
the change in species richness and relative abundance through time and assess the potential factors 
driving these changes. In this Appendix data report, we show snapshots of northern Caspian Sea 
mollusc diversity through time prior to human impact, to characterise successive faunas in terms 
of composition and diversity in order to allow comparison with modern mollusc diversity. By 
putting the mollusc composition changes in a wider time frame the severity of the current rate of 
anthropogenic-driven biodiversity decline (compare Lattuada et al., 2019b) becomes explicit.

7.2 Material and methods
A 67.8 m long core was taken in the northern Caspian Sea shelf at a water depth of around 
11.9 m. The approximate location of the core is around 44° 55’ 8.0’’ N, 48° 51’ 51.6’’ E (Sorokin et al., 
2018: Fig. 7.1B, locality 3), but precise locality data are confidential. The preliminary stratigraphic 
framework is based on stratigraphic mollusc marker species, a series of dating and correlation 
techniques using seismic profiles which enabled us to assign the borehole intervals to regional 
Caspian stratigraphic stages (Krijgsman et al., 2019; Sorokin et al., 2018). Twelve sediment samples 
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Table 7.1: Mollusc abundances (number of individuals per species per sample depth) of the northern Caspian 

Sea borehole #5. The time periods abbreviations stand for: Nc = Novocaspian, LKhv = Late Khvalynian, Ekhv = 

early Khvalynian, Hyr = Hyrcanian, LKhz = Late Khazarian, EKhz = early Khazarian.
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were taken for mollusc analysis and analysed following methods in van de Velde et al. (2019). 
Molluscs were identified to the lowest possible taxonomic level and counted. A rarefaction analysis 
was performed using R version 3.5.2 (R Core Team, 2018) with package ‘iNEXT’ v. 2.0.19 (Hsieh et

Fig. 7.1: Core data, paleoenvironmental and mollusc faunal indications of the northern Caspian Sea borehole 

#5. From left to right: core depth (in m), time period, sedimentology (grain size), mollusc sample depth, sample 

colours, sample photos, palaeoenvironment, Pontocaspian richness estimate at 500 specimens, percentage of 

Caspian endemic species and native species. The time periods abbreviations stand for: Nc = Novocaspian, LKhv 

= Late Khvalynian, Ekhv = early Khvalynian, At = Atelian, Hyr = Hyrcanian, LKhz = Late Khazarian, EKhz = 

early Khazarian.
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Table 7.2: Summary of mollusc biomass (mg/m2) encountered during environmental monitoring programme 

of the north-east Caspian Sea (2005-2016). From: North Caspian Operating Company et al. (2018). * According 

to Wesselingh et al. (2019) it is likely this species concerns two sibling species; C. glaucum and C. spec. A.

Family Species 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

Mytilidae Mytilaster minimus 0 0 1,0 3,3 1,3 0,5 0 0,1 0 0 0,2 6,3
Cardiidae Adacna minima 0 0 0 0 0 0 0 0 0 0 0,2 0,2
Cardiidae Adacna vitrea 23,6 9,5 17,8 24,6 5,9 1,3 0,3 4,3 7,5 5,5 12,1 112,6
Cardiidae Cerastoderma glaucum * 0 0 0,7 2,4 3,9 30,0 58,9 81,1 59,7 78,8 71,5 387,0
Cardiidae Didacna trigonoides 60,1 28,6 49,5 67,9 63,3 32,4 20,1 18,4 23,0 21,7 25,9 410,8
Cardiidae Didacna protracta 0 0 0,3 0 0 0 0 0 0 0,2 0,6 1,0
Cardiidae Didacna pyramidata 0 0 0 0 2,3 0 0 0 0 0 0 2,3
Cardiidae Didacna sp. 0,6 0 0,5 0,4 0 0 0 0 0 0,1 0,4 2,1
Cardiidae Monodacna albida 0 0 0 0 0 0 0 0 0 0,2 0,2 0,3
Cardiidae Monodacna caspia 8,0 0,8 0,3 0 0 0 0 0 0 0,5 0 9,6
Cardiidae Monodacna colorata 58,8 61,9 75,7 90,5 67,7 26,5 11,9 21,6 38,1 31,9 43,0 527,5
Cardiidae Mondacna sp? 0,3 0 6,9 0 0,3 0,3 0,6 0,6 0 0,1 1,6 10,7
Semelidae Abra segmentum 39,0 75,4 77,5 89,3 91,2 96,5 96,0 92,9 86,7 89,8 95,3 929,6
Dreissenidae Dreissena caspia 0 0 0 0,4 0 0 0 0 0 0 0 0,4
Dreissenidae Dreissena cf. elata 61,0 29,4 19,1 58,7 52,5 11,8 0,0 0,4 0 0,1 0,3 233,2
Neritidae Theodoxus pallasi 0 0 0,3 0 0 0 0 0 0 0,1 0,2 0,5
Hydrobiidae Clathrocaspia gmelinii 0 0 0 0 0 0 0 0 0 0,1 0 0,1
Hydrobiidae Clathrocaspia sp. 9,0 0 0 5,2 3,4 6,7 6,5 5,9 3,3 3,2 5,0 48,1
Hydrobiidae Laevicaspia conus 0 0 0 0,8 0,5 0 0 0 0 0 0 1,3
Hydrobiidae Turricaspia andrussowi 0 0 0 0 0 0 0 0 0 0,1 0 0,1
Hydrobiidae Turricaspia uralensis 0 0 0 0 0 0 0 0 0 0 0,2 0,2
Hydrobiidae Abeskunus brusinianus 0 0 0 0 0 0 0,3 0 0 0 0 0,3
Hydrobiidae Abeskunus sp. 0 0 0 0 0 0 0 0,2 0 0 0 0,2
Planorbidae Gyraulus eichwaldi 0 0 0 0 0 0 0 0 0 0,1 0 0,1

Bivalvia indet. 16,6 0 0 0 0 0 0 0 0 0 0,2 16,8

Total mollusc biomass (mg/m2) 277,0 205,6 249,5 343,4 292,3 205,9 194,6 225,6 218,3 232,4 256,6 2701

al., 2019) to estimate the species richness and the representativeness of the samples for each time 
period. All species have been illustrated. Palaeoecological indications of the species has been derived 
from multiple literature resources and summarized in Table 7.3. Data on the current (2005–2016) 
living species have been taken from the literature for comparison and show mollusc species biomass 
collected during an 11–year monitoring period by the North Caspian Operating Company (NCOC, 
2018), Table 7.2

7.3 Results
In total 45 species were recognised within the twelve samples (Table 7.1). The samples represent 
Novocaspian (1 sample), late Khvalynian (3 samples), early Khvalynian (3 samples), Hyrcanian (2 
samples), late Khazarian (2 samples), and early Khazarian (1 sample) regional stratigraphic stages 
(Table 7.1, Fig. 7.1.). The rarefaction analysis shows that for each time period we have at least one 
sample with near-saturated richness, implying sample size to be adequate for richness estimates
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Table 7.3: Palaeoecological indications as derived from the literature. 1 Bogutskaya et al. (2013), 2 Logvinenko 

and Starobogatov (1969), 3 Mirzoev and Alekperov (2017), 4 Nevesskaja (2007), 5 Starobogatov (1994), 6 Glöer 

(2002), 7 Wesselingh et al. (2019) 8 Chukhchin (1984), 9 Vinarski and Kantor (2016), 10 Andreev and Andreeva 

(2003), 11 Parr et al. (2007), 12 Gittenberger et al. (2004). CS = Caspian Sea.

Species Family Status Natural salinity range (psu) Depth

Mytilaster minimus (Poli, 1795) Mytilidae invasive7 min. 5-81, max. 38 (Med. Sea) 0-601

Adacna laeviuscula (Eichwald, 1829) Cardiidae CS endemic7 4-141, 2 30-1001, 4

Adacna vitrea (Eichwald, 1829) Cardiidae CS endemic7 min. 5-81, max. 12-13 0-401

Cerastoderma glaucum (Bruguière, 1789) Cardiidae invasive7 min. 5-81, max. 38 (Med. Sea) 10-501

Didacna baeri (Grimm, 1877) Cardiidae CS endemic7 3-141 7.5-601, 17-492

Didacna barbotdemarnii (Grimm, 1877) Cardiidae CS endemic7 3-141 30-421 0-422

Didacna cristata Bogachev, 1932 Cardiidae CS endemic4 3-141 0-501

Didacna delenda Bogachev, 1932 Cardiidae CS endemic4 3-141 0-501

Didacna ebersini Fedorov, 1953 Cardiidae CS endemic4 3-141 0-501

Didacna obunca Popov, 1983 Cardiidae CS endemic4 3-141 0-501

Didacna protracta (Eichwald, 1841) Cardiidae CS endemic7 3-141 25-502, 25-801

Didacna praetrigonoides Nalivkin & 
Anisimov, 1914

Cardiidae CS endemic7 3-141 6-432

Didacna pyramidata (Grimm, 1877) Cardiidae CS endemic7 3-141 30-1301, 42-1302

Didacna subcatillus Andrussoff, 1910 Cardiidae CS endemic4 3-141 0-501

Didacna trigonoides (Pallas, 1771) Cardiidae CS endemic7 3-141 5-401

Hypanis plicata (Eichwald, 1829) Cardiidae CS endemic7 4-81, 2, max. 12-13 0-401

Monodacna albida (Logvinenko & 
Starobogatov, 1967)

Cardiidae CS endemic7 min 5-81, 2, max. 12-13 0-1501

Monodacna caspia (Eichwald, 1829) Cardiidae CS endemic7 2-81, max. 12-13 0-2001, 2

Abra segmentum (Récluz, 1843) Semelidae invasive7 min. 5-81, max. 38 (Med. Sea) 0-401

Dreissena caspia Eichwald, 1855 Dreissenidae CS endemic7 opt. 2-81, max. 12-13 0-401, 2

Dreissena cf. elata Andrusov, 1897 Dreissenidae CS endemic7 opt. 2-81, max. 12-13 0-401, 2, 7

Dreissena grimmi (Andrusov, 1890) Dreissenidae CS endemic7 opt. 2-81, max. 12-13 35-1001, 5

Theodoxus cf. pallasi Lindholm, 1924 Neritidae CS native7 opt. 0-81, max. 12-13 0-401,2

Caspia baerii Clessin & Dybowski in 
Dybowski, 1887

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-801

Clathrocaspia cf. gmelini (Clessin & 
Dybowski in Dybowski, 1887)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-1001

Ulskia ulskii (Clessin & Dybowski in 
Dybowski, 1887)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-3001, 2, 3

Ecrobia grimmi (Clessin in Dybowski, 1887) Hydrobiidae CS native7 opt. 2-81, max. 12-13 25-401, 2

Clessiniola variabilis (Eichwald, 1838) Hydrobiidae CS endemic7 opt. 0-81, 5-78, max. 12-13 0-3001, 2, 3

Laevicaspia caspia (Eichwald, 1838) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 30-5001, 2, 3

Laevicaspia cincta (Abich, 1859) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 20->2501, 11

Laevicaspia conus (Eichwald, 1838) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-3001, 2, 3

Laevicaspia kolesnikoviana (Logvinenko & 
Starobogatov in Golikov & Starobogatov, 
1966)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 25-4001, 2, 3

Laevicaspia cf. lincta (Milaschewitsch, 1908) Hydrobiidae BS endemic7 fresh9

Turricaspia andrussowi (Dybowski & 
Grochmalicki, 1915)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 25-5001, 2, 3

Turricaspia dimidiata (Eichwald, 1838) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-5001, 2, 3

Turricaspia elegantula (Clessin & Dybowski 
in Dybowski, 1887)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 40-1001

Turricaspia cf. fedorovi (Logvinenko & 
Starobogatov, 1969)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-1001
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Turricaspia grimmi (Clessin & Dybowski in 
Dybowski, 1887)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 70-2001

Turricaspia meneghiniana (Issel, 1865) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-401, 2

Turricaspia cf. pulla (Dybowski & 
Grochmalicki, 1915)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 15-3001, 2, 3

Turricaspia cf. spica (Eichwald, 1855) Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-401, 2

Turricaspia uralensis (Logvinenko & 
Starobogatov, 1969)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-401

Turricaspia cf. vinogradovi (Logvinenko & 
Starobogatov, 1969)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-101

Abeskunus brusinianus (Clessin & Dybowski 
in Dybowski, 1887)

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 0-2501, 2

Andrusovia cf. andrusovi Starobogatov, 
2000

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 20-1001

Andrusovia dybowskii Brusina in 
Westerlund, 1902

Hydrobiidae CS endemic7 min. 5-81, max. 12-13 35-1151

Gyraulus eichwaldi (Clessin & Dybowski in 
Dybowski, 1887)

Planorbidae CS endemic7 min. 5-81, max. 12-13 35-2001

Anisus spirorbis (Linnaeus, 1758) Planorbidae fresh9

Valvata goldfussiana (Wüst, 1901) Valvatidae fresh12

Valvata piscinalis (Müller, 1774) Valvatidae 0-56, fresh9

(Fig. 7.2). The exception is the early Khazarian assemblage whose single sample is composed of too 
few individuals to give an indication of richness. An overview of the modern species taken from 
North Caspian Operating Company (NCOC, 2018) can be found in Table 7.2.

The molluscs of the late Khazarian substage include 10 anomalohaline and two freshwater 
(Valvata spp.) species (Table 7.1, Fig. 7.3). Of the total late Khazarian assemblage 100% of the 
individuals are Pontocaspian (91% endemic and 9% native). The fauna suggests deposition in the 
lower photic zone at around 0-40 m water depth (Table 7.3 and references therein). Salinity optima 
range from 5-8 psu, with the exception of the freshwater species Borysthenia goldfussiana and 
Valvata piscinalis. These two very abraded mollusc species were found in very low amounts and 
were probably washed in or reworked from underlying strata.

The fauna of the Hyrcanian stage is composed of 19 anomalohaline species (Table 7.1, Fig. 7.4) 
and comprises of 100% Pontocaspian endemics. The majority of specimens belong to Dreissena 
grimmi, Clathrocaspia gmelinii, Monodacna albida and M. caspia, and the extinct Didacna subcatillus. 
The extant species live down to 100 m depth. Salinity optima range from 5-8 psu.

The early Khvalynian fauna contains 27 species (Table 7.1, Fig. 7.5), which are typical of 
anomalohaline environments; they are all Pontocaspian (95% endemic, 5% native). The overall 
assemblage is representative of the lower photic zone at around 35-40 m water depth. The 
majority of species can live up to hundreds of meter depth (Dreissena grimmi, Monodacna albida, 
Monodacna caspia, Clathrocaspia gmelinii, Laevicaspia kolesnikoviana, Turricaspia andrussowi 
and Turricaspia elegantula), but the depth estimates are restricted by occurrences of Theodoxus 
pallasi, Turricaspia spica and Dreissena elata which live at a maximum of 40 m depth. Salinities are 
estimated at 5-8 psu. 
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Fig. 7.2a: Rarefaction curves for the upper six mollusc assemblages. Species diversity stands for the number of 

species. Representative samples: 1.05 (Novocaspian), 7.00 (late Khvalynian), 15.12 (late Khvalynian), 17.6 (early 

Khvalynian). Not enough individuals for a true representation of richness: 14.65 (late Khvalynian),16.00 (early 

Khvalynian).

Fig. 7.2b: Rarefaction curves for the lower six mollusc assemblages. Species diversity stands for the number 

of species. Representative samples: 19.14 (early Khvalynian), 34.55 (Hyrcanian), 36.52 (late Khazarian). Not 

enough individuals for a true representation of richness: 35.00 (Hyrcanian), 44.18 (late Khazarian), 65.35 (early 

Khazarian). For each time period, except for the early Khazarian, there is at least one sample with enough 

individuals to give a good estimate of species diversity.
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The Late Khvalynian mollusc fauna contains 22 species (Table 7.1, Fig. 7.6) of which 21 are 
anomalohaline species and one is fresh water (Anisus spirorbis); the former are all of Pontocaspian 
origin (98% endemic, 2% native). The majority of species (Turricaspia spica, Clessiniola variabilis, 
Dreissena elata, Monodacna caspia, and Didacna subcatillus) are able to live much deeper than -40 
m, but the presence of the grazing snail Theodoxus indicates the molluscs lived in the photic zone. 
Salinities are estimated at 5-8 psu based on the preference of the majority of species, but they all 
can live in salinities of up to 13 psu. The species that prefer deeper waters are represented only by 
very few individuals (Dreissena grimmi, Caspia baerii, Laevicaspia kolesnikoviana, Turricaspia 
andrussowi).

The Novocaspian sample includes 10 Pontocaspian species (Table 7.1, Fig. 7.7). Of these species 
8 are endemic and 2 are native (Theodoxus pallasi and Ecrobia grimmi). The depth distribution 
of most species (Monodacna caspia, Dreissena. caspia, Adacna vitrea, Didacna barbotdemarnii, 
Theodoxus pallasi) ranges between 0-40 m, whereas the presence of Turricaspia vinogradovi implies 
a maximum depth of only 10 m. Salinity ranges are estimated at 2-8 psu, which are the optima for 
the majority of species. Theodoxus indicates conditions in the photic zone.

The modern mollusc assemblages of the NCOC monitoring project consist of 19 species 
(Table 7.2), of which 16 species are endemic to the Caspian Sea, two species are native, and three 
are marine invasive species. Of the total collected biomass of molluscs (mg/m2) collected over 11 
years 31% are Caspian Sea endemic, 20% native Pontocaspian species that derive from the Black Sea 
region (Monodacna colorata) and 49% belong to marine invasive species: Mytilaster minimus, Abra 
segmentum and Cerastoderma glaucum.
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Fig. 7.3: Overview of late Khazarian Pontocaspian molluscs + two fresh water mollusc (15. & 16.). 1. Adacna 

vitrea (depth 36.52-36.55 m, RGM.962422), 2. Didacna subcatillus (depth 36.52-36.55 m, RGM.962423), 3. 

Didacna sp. (depth 36.52-36.55 m, RGM.962424), 4. Dreissena caspia (depth 36.52-36.55 m, RGM.962425), 

5. Dreissena cf. elata (depth 44.18-44.22 m, RGM.962434), 6. Dreissena grimmi (depth 44.18-44.22 m, 

RGM.962435), 7. Monodacna albida (depth 36.52-36.55 m, RGM.962426), 8. Monodacna caspia (depth 36.52-

36.55 m, RGM.962427), 9. Theodoxus cf. pallasi (depth 36.52-36.55 m, RGM.962428), 10. Theodoxus sp. (depth 

36.52-36.55 m, RGM.962429), 11. Clessiniola variabilis (depth 36.52-36.55 m, RGM.962430), 12. Laevicaspia 

kolesnikoviana (depth 36.52-36.55 m, RGM.962431), 13. Turricaspia cf. fedorovi (depth 36.52-36.55 m, 

RGM.962432), 14. Turricaspia sp. (depth 36.52-36.55 m, RGM.962433), 15. Valvata goldfussiana (depth 44.18-

44.22 m, RGM.962436), 16. Valvata piscinalis (depth 44.18-44.22 m, RGM.962437). Scale bars = 1 mm.
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Fig. 7.4: Overview of the molluscs of the Hyrcanian stage. 1. Didacna baeri (depth 35.00-35.10 m, 

RGM.962446), 2. Didacna delenda (depth 34.55-34.60 m, RGM.962438), 3. Didacna subcatillus (depth 34.55-

34.60 m, RGM.962439), 4. Didacna sp. (depth 35.00-35.10 m, RGM.962447), 5. Dreissena caspia (depth 35.00-

35.10 m, RGM.962448), 6. Dreissena cf. elata (depth 35.00-35.10 m, RGM.962449), 7. Monodacna albida 

(depth 35.00-35.10 m, RGM.962450), 8. Monodacna caspia (depth 35.00-35.10 m, RGM.962451), 9. Theodoxus 

sp. (depth 34.55-34.60 m, RGM.962440), 10. Dreissena grimmi (depth 35.00-35.10 m, RGM.962452), 11. 

Andrusovia dybowskii (depth 34.55-34.60 m, RGM.962441), 12. Abeskunus brusinianus (depth 35.00-35.10 m, 

RGM.962454), 13. Clathrocaspia cf. gmelini (depth 34.55-34.60 m, RGM.962442), 14. Clessiniola variabilis 
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(continuation previous page)

(depth 35.00-35.10 m, RGM.962455), 15. Turricaspia dimidiata (depth 34.55-34.60 m, RGM.962443), 16. 

Laevicaspia caspia (depth 35.00-35.10 m, RGM.962456), 17. Turricaspia grimmi (depth 35.00-35.10 m, 

RGM.962457), 18. Turricaspia meneghiniana (depth 35.00-35.10 m, RGM.962458), 19. Turricaspia? spica (depth 

35.00-35.10 m, RGM.962459), 20. Turricaspia sp. (depth 35.00-35.10 m, RGM.962453), 21. Ulskia ulskii. (depth 

34.55-34.60 m, RGM.962444), 22. Gyraulus eichwaldi (depth 34.55-34.60 m, RGM.962445). Scale bars = 1 mm.
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Fig. 7.5 (opposite page): Overview of the molluscs of the Early Khvalynian stage: 1. Adacna laeviuscula (depth 

16.00-16.05 m, RGM.962460), 2. Adacna vitrea (depth 16.00-16.05 m, RGM.962461), 3. Didacna delenda (depth 

19.14-19.22 m, RGM.962475), 4. Didacna ebersini (depth 19.14-19.22 m, RGM.962476), 5. Didacna obunca 

(depth 16.00-16.05 m, RGM.962462), 6. Didacna protracta (depth 16.00-16.05 m, RGM.962463), 7. Didacna 

subcatillus (depth 19.14-19.22 m, RGM.962477), 8. Dreissena caspia (depth 16.00-16.05 m, RGM.962464), 

9. Dreissena cf. elata (depth 17.60-17.80 m, RGM.962472), 10. Dreissena grimmi (depth 16.00-16.05 m, 

RGM.962465), 11. Monodacna caspia (depth 16.00-16.05 m, RGM.962466), 12 Abeskunus brusinianus (depth 

16.00-16.05 m RGM.962467), 13. Clathrocaspia cf. gmelini (depth 19.14-19.22 m, RGM.962478), 14. Ecrobia 

grimmi (depth 16.00-16.05 m, RGM.962468), 15. Laevicaspia caspia (depth 19.14-19.22 m, RGM.962479), 

16. Laevicaspia cincta (depth 17.60-17.80 m, RGM.962473), 17. Laevicaspia conus (depth 19.14-19.22 m, 

RGM.962480), 18. Laevicaspia cf. lincta (depth 19.14-19.22 m, RGM.962481), 19. Laevicaspia kolesnikoviana 

(depth 16.00-16.05 m, RGM.962469), 20. Turricaspia andrussowi (depth 19.14-19.22 m, RGM.962483), 21. 

Turricaspia elegantula (depth 19.14-19.22 m, RGM.962482), 22. Turricaspia meneghiniana (depth 16.00-16.05 

m, RGM.962470), 23. Turricaspia? spica (depth 16.00-16.05 m, RGM.962471), 24. Turricaspia cf. pulla (depth 

17.60-17.80 m, RGM.962474), 25. Theodoxus sp. (depth 19.14-19.22 m, RGM.962484), 26. Gyraulus eichwaldi 

(depth 19.14-19.22 m, RGM.962485), 27. Andrusovia cf. andrusovi (depth 19.14-19.22 m, RGM.962486). Scale 

bars = 1 mm.

Fig. 7.6 (next page): Overview of the molluscs of the Late Khvalynian stage: 1. Adacna laeviuscula (depth 

07.00-07.54 m, RGM.962487), 2. Adacna vitrea (depth 15.12-15.19 m, RGM.962495), 3. Didacna cristata 

(depth 15.12-15.19 m, RGM.962496), 4. Didacna subcatillus (depth 15.12-15.19 m, RGM.962497), 5. Dreissena 

caspia (depth 15.12-15.19 m, RGM.962498), 6. Dreissena cf. elata (depth 15.12-15.19 m, RGM.962499), 7. 

Dreissena grimmi (depth 15.12-15.19 m, RGM.962500), 8. Hypanis plicata (depth 07.00-07.54 m, RGM.962488), 

9. Monodacna albida (depth 07.00-07.54 m, RGM.962489), 10. Monodacna caspia (depth 07.00-07.54 m, 

RGM.962490), 11. Abeskunus brusinianus (depth 15.12-15.19 m, RGM.962501), 12. Caspia baerii (depth 15.12-

15.19 m, RGM.962502), 13. Clessiniola variabilis (depth 07.00-07.54 m, RGM.962491), 14. Ecrobia grimmi 

(depth 14.65-14.70 m, RGM.962494), 15. Laevicaspia kolesnikoviana (depth 15.12-15.19 m, RGM.962503), 

16. Turricaspia sp. (depth 15.12-15.19 m, RGM.962504), 17. Turricaspia cf. andrussowi (depth 15.12-15.19 m, 

RGM.962505), 18. Turricaspia meneghiniana (depth 15.12-15.19 m, RGM.962506), 19. Turricaspia cf. pulla 

(depth 15.12-15.19 m, RGM.962507), 20. Turricaspia? spica (depth 15.12-15.19 m, RGM.962508), 21. Theodoxus 

cf. pallasi (depth 07.00-07.54 m, RGM.962492), 22. Anisus spirorbis (depth 07.00-07.54 m, RGM.962493). Scale 

bars = 1 mm.
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Fig. 7.7: Overview of the molluscs of the Novocaspian stage: 1. Adacna vitrea (depth 01.05-01.50 m, 

RGM.962510), 2. Adacna laeviuscula (depth 01.05-01.50 m, RGM.962511), 3. Monodacna caspia (depth 01.05-

01.50 m, RGM.962509), 4. Dreissena cf. elata (depth 01.05-01.50 m, RGM.962512), 5. Dreissena caspia (depth 

07.00-07.54 m, RGM.962513), 6. Didacna barbotdemarnii (depth 01.05-01.50 m, RGM.962514), 7. Theodoxus 

cf. pallasi (depth 01.05-01.50 m, RGM.962515), 8. Ecrobia grimmi (depth 01.05-01.50 m, RGM.962516), 9. 

Turricaspia cf. vinogradovi (depth 01.05-01.50 m, RGM.962517), 10. Clessiniola variabilis (depth 01.05-01.50 m, 

RGM.962518). Scale bars = 1 mm.
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Late Holocene mollusc biodiversity of the 

western Black Sea (Razim-Sinoie lake, 
Romania)
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conservation palaeobiological approach to assess faunal response of threatened biota under natural 
and anthropogenic environmental change. Biogeoscience 16, 2423-2442. http://doi.org/10.5194/
bg-2019-2423-2019

Abstract
Palaeoecological records are required to test ecological hypotheses necessary for conservation 
strategies as short-term observations can insufficiently capture natural variability and identify 
drivers of biotic change. Here, we demonstrate the importance of an integrated conservation 
palaeobiology approach when making validated decisions for conservation and mitigating action. 
Our model system is the Razim-Sinoie lake complex (RSL) in the Danube Delta (Black Sea coast, 
Romania), a dynamic coastal lake system hosting unique Pontocaspian mollusc species that are 
now severely under threat. The Pontocaspians refer to an endemic species group that evolved in the 
Black Sea and Caspian Sea basins under reduced salinity settings over the past few million years. 
The natural, pre-industrial RSL contained a salinity gradient from fresh to mesohaline (18 ppm) 
until human intervention reduced the inflow of mesohaline Black Sea water into the lake system. 
We reconstruct the evolution of the RSL over the past 2000 years from integrated sedimentary facies 
and faunal analyses based on 11 age-dated sediment cores and investigate the response of mollusc 
species and communities to those past environmental changes. Three species associations (“marine”, 
“Pontocaspian” and “freshwater”) exist and their spatio-temporal shifts through the system are 
documented. Variable salinity gradients developed, with marine settings (and faunas) dominating in 
the southern part of the system and freshwater conditions (and faunas) in the northern and western 
parts. Pontocaspian species have mostly occurred in the centre of the RSL within the marine-
freshwater salinity gradient. Today, freshwater species dominate the entire system, and only a 
single Pontocaspian species (Monodacna colorata) is found alive. We show that the human-induced 
reduced marine influence in the system has been a major driver of the decline of the endemic 
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Pontocaspian biota. It urges improved conservation action by re-establishing a salinity gradient in 
the lake system to preserve these unique species.

8.1 Introduction
The emerging field of conservation palaeobiology aims to evaluate palaeobiological records to make 
informed contributions to biodiversity conservation. A spectrum of conservation palaeobiology 
studies exists covering different time scales as well as biota (Birks, 2012; Dietl and Flessa, 2011; 
Kosnik and Kowalewski, 2016; Vegas-Vilarrubia et al., 2011). These provide important insights into 
resilience of species and communities under environmental change. Yet, few studies provide long-
term observations, quantitative and environmental data, as well as direct guidance to conservation 
of threatened habitats and communities today (Cramer et al., 2017). A relevant conservation 
palaeobiology model system should ideally include species and communities that are currently 
under threat, together with a high spatio-temporal resolution geological record of past habitat 
dynamics, and should contain both natural variation and anthropogenic influence. Altogether 
the data should not only focus on scientific observations and understanding, but also contribute 
to conservation policies with relevant proposals for ecosystem management (Albano et al., 2016; 
Helama et al., 2007; Kosnik and Kowalewski, 2016; Martinelli et al., 2017; Vegas-Vilarrubia et al., 
2011).

Here, we report a unique conservation palaeobiology model system that combines a detailed 
historical record of environmental and faunal change with relevant proposals for conservation. The 
Razim-Sinoie lake complex (RSL) consists of a set of coastal lakes and lagoons located in the south 
of Danube Delta along the Black Sea in Romania (Fig. 8.1). The system has a dynamic late Holocene 
history of lake and barrier formation and of connectivity with the Danube River, as well as the Black 
Sea, that affected salinity gradients (Gâştescu, 2009; Giosan et al., 2006; Panin et al., 2016; Panin and 
Jipa, 2002; Romanescu, 2013; Vespremeanu-Stroe et al., 2017). Since ancient Greek times, shipping 
ports have been present in the RSL (Bony et al., 2015; Breţcan et al., 2008; Romanescu, 2013), and 
from 1800 onwards, active human modification of the river and marine outlets shaped the system 
towards its present state (Breţcan et al., 2009, 2008). The RSL is known as prime habitat for currently 
threatened Pontocaspian species (Grossu, 1973; Popa et al., 2010, 2009). Within the area of the 
Danube Delta, a strong reduction of Pontocaspian species occurrences has been documented for the 
past decades (Alexandrov et al., 2004; Popa et al., 2009). Before 1956, about 70% of the species living 
in the benthic zone had a Pontocaspian origin, and remaining species belonged to other brackish or 
freshwater species (Teodorescu-Leonte et al., 1956). After 2000, this relationship shifted completely 
and the dominant forms seem to be freshwater species (Catianis et al., 2018).

We aim to build a palaeobiological record from sediment cores in the RSL that shows 
faunal responses to past natural and human-induced environmental variations. Insight into 
faunal development and resilience has direct relevance for outlining conservation strategies for 
Pontocaspian biota. The RSL is uniquely equipped for this study as it is one of the largest areas 
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where threatened Pontocaspian biota still occur in the Black Sea basin and contains a detailed late 
Holocene geological record of faunal and environmental change.

8.2 Regional setting
Over the past millennia, the RSL has evolved from a restricted marine embayment south of the 
Danube Delta into the highly restricted lake system of today (Vespremeanu-Stroe et al., 2017) 
(Fig. 8.1a). Much of the restriction has been attributed to prograding beach-barriers that were fed 
by sediments brought by longshore currents from eroding Danubian deltaic lobes in the north 
(Dan et al., 2009; Giosan et al., 2006; Panin, 1997, 1989; Panin and Jipa, 2002; Ștefănescu, 1981; 
Vespremeanu-Stroe et al., 2013). Today, the RSL contains several large and many small shallow lakes 
of a maximum depth of 3.5 m and is supplied with fresh water and sediments from the Dunavăţ 
Branch (Rădan et al., 1999).

Small-scale human modifications have occurred in the system since the ancient Greeks dredged 
and modified access from the Black Sea to the ports of Istros (Histria) and Orgame (Argamum) 
(Bony et al., 2015; Breţcan et al., 2008; Romanescu, 2013). Major anthropogenic modifications 
impacted the system in the 20th century to increase freshwater aquaculture production. The digging 

Fig. 8.1: Location of study area along the Romanian Black Sea coast with core locations indicated by black stars. 

(a) Danube Delta and RSL (modified after Vespremeanu-Stroe et al., 2017). (b) RSL bathymetry with location of 

study cores (modified after Dimitriu et al., 2008). Two current marine outlets are indicated by white arrows; a 

third outlet (Gura Portita) was closed in the 1970s and is indicated by a dashed white arrow.
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of two channels between the RSL and the southern Danube branch during the first three decades 
of the 20th century and seven additional channels around 1950 (Breţcan et al., 2009; Romanescu 
and Cojocaru, 2010) increased river influence in the RSL. At the same time, access to the Black 
Sea became restricted by the closure of the Gura Portiţa outlet around 1960-1970 (Breţcan et al., 
2009; Breţcan and Tâmpu, 2008). Today, the Periboina and Edighiol channels remain the only (and 
highly restricted) connections between Lake Sinoie and the marine realm. As a result, the RSL has 
considerably freshened over the past 100 years (Catianis et al., 2018; Stănică, 2011).

Prior to major anthropogenic modifications, the RSL contained a salinity gradient between the 
northern-central parts, dominated by fresh water, and the southern part, where elevated salinities 
occurred (Breţcan et al., 2009). The northern-central part consists of the three main lakes Razim 
(or Razelm), Golovița and Zmeica, and several marginal lakes such as Agighiol, Babadag, Coșna and 
Leahova. Salinities in this part of the system were reported between 0.4 and 2.5 g/L (Vadineanu et 
al., 1997). The southern part comprises the main lake, Sinoie (also known as Sinoe), and a number 
of shallow and smaller lakes such as Istria, Nuntași and Edighiol. Here, salinities ranged between 
0.5 and 6.5 g/L in the late 20th century (Vadineanu et al., 1997). Over the past decade, the entire 
system has become almost entirely fresh water: expeditions led by GeoEcoMar in 2017 estimated 
0 psu in the northern-central parts based on mollusc species salinity tolerances and measured 0.1-
0.6 psu in the southern part (Table S1 in the Supplement). Salinity may vary seasonally depending 
on freshwater input from the Danube and through variations in storm activity over the Black Sea, 
causing additional mesohaline water to enter the RSL through the marine outlets (Breţcan et al., 
2008; Dinu et al., 2015).

The RSL has been reported as prime habitat area for Pontocaspian species (Grossu, 1973; Popa 
et al., 2010, 2009), including endemic molluscs, ostracods, dinoflagellates, fish and crustaceans. 
Pontocaspian biota are a unique group of aquatic species that evolved within the Caspian Sea and 
Black Sea basins, as well as surrounding rivers and lakes, over the past few million years (Krijgsman 
et al., 2019). The basins experienced strong base-level changes and periods of isolation and 
connection from the open ocean, characterised by variable, anomalohaline (“brackish”) conditions 
(Grigorovich et al., 2003; Kosarev and Yablonskaya, 1994; Kurbanov et al., 2014; Yanina, 2014). Ever 
since the Middle Pleistocene, during times of interglacial sea-level highstands (similar to present 
day), marine conditions and faunas occupied the main Black Sea basin and pushed Pontocaspian 
species into coastal habitats such as deltas, lagoons and estuaries. During glacial lowstands, the 
Black Sea became isolated from the open ocean, freshened, and Pontocaspian biota occupied the 
entire basin (Krijgsman et al., 2019). Today, Pontocaspian biota in the Black Sea basin are restricted 
to relatively small areas in lagoons, estuaries and deltas with salinity gradients along the coasts of 
Romania, Ukraine and Russia (including the Sea of Azov; Anistratenko, Khaliman, & Anistratenko, 
2011; Mordukhai-Boltovskoi, 1979). Of these restricted areas, the RSL offers the largest area of 
Pontocaspian habitat. Pontocaspian species are currently under threat through habitat modification, 
pollution, poaching and invasive species (Popa et al., 2009; Shiganova, 2010; Zarbaliyeva et al., 2016)
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8.3 Material and methods
We performed facies and fauna analyses on 11 shallow sediment cores. Because the RSL lakes are 
very shallow they do not allow for boats with piston core facilities. We manually took PVC cores 
with a diameter of 7.5 cm and lengths between 0.5 m and 1.95 m at water depths of 1.0 to 3.5 m 
during two expeditions in October 2015 and July 2016 (Fig. 8.1b; Table 8.1). By pushing the pipes in 
the soft sediment and ensuring they were sealed, we were able to create a vacuum when retrieving 
the cores. Deformation along the core edges was minimal. Sedimentary structures like horizontal 
beddings were conserved within the sediments proving that the sampling method was successful 
and representative of changes through time and space of the depositional environment. The cores 
were cut lengthwise in half back in the laboratory. Analyses were performed on one half; the other 
half was archived in a cold room at Utrecht University.

An age model was constructed using a variety of dating methods, including 14C measurements, 
analysis of downcore distribution of 210Pb, palaeomagnetic secular variations and a known first 
occurrence date of an invasive species. Five samples were dated with 14C measurements in the 
Center for Isotope Research at Groningen University. Dating results were calibrated based on a time 
range with a 95% probability obtained from two reservoir ages. The 14C ages have been calibrated to 
calendar years with the software program OxCal version 4.3 (Ramsey, 2017), using the calibration 
curve IntCal13 (Reimer et al., 2013). For the late Holocene, reservoir ages have been estimated at 
approximately 450 to 550 years in the Danube Delta (Bonsall et al., 2004) and between 250 and 500 
years in the Black Sea (Kwiecien et al., 2008). For more information on the 14C dated species see 
Table S9.

The downcore distribution of 210Pb was assessed on four cores in the Ocean Systems 
Department of NIOZ, Texel. Isotopic decay of 210Pb (half-life 22.3 years) was measured via its 
granddaughter radionuclide 210Po. We applied a sampling resolution of 6 cm in the upper 14 cm of 
each core, and a sampling resolution of 12 cm below. Measurements were performed on wet-sieved 
<63 μm sediment fractions. Sediments were spiked with 1000 μl of a standard solution of 209Po and 
leached at 105°C for 6 h in a 10 ml solution of concentrated hydrochloric acid. After diluting with 
40 ml of demineralized water and 5 ml of ascorbic acid, silver platelets were immersed and left in 
the solution at 80°C for 15 h in order to collect the natural 210Po and the added 209Po by spontaneous 
electrochemical deposition. The Po radionuclides were then counted by a Canberra alpha detector. 
The sediment depths with excess 210Pb decayed to below detection level were used as age tie point of 
150 yrs BP.

We performed palaeomagnetic analyses on core C3 at the Palaeomagnetic Laboratory Fort 
Hoofddijk at Utrecht University. Oriented 0.5 cm3 plastic cubes were pushed in the sediment core in 
two overlapping rows giving an average sampling resolution of 0.5 cm. The sediments in these cubes 
were then stepwise demagnetized using alternating fields (AFs) up to a maximum of 100 mT on a 
robotized sample handler controller attached to a horizontal 2G Enterprises DC SQUID cryogenic 
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Table 8.1: Core data.

Expedition Core Latitude Longitude Lake Water depth (m) Core length (m)

2015 C1 44.538111°N 28.778583°E Sinoie 1.10 0.97
2015 C2 44.665944°N 28.937139°E Sinoie 1.90 1.20
2015 C3 44.694194°N 28.995028°E Golovița 0.80 1.19
2015 C4 44.698000°N 28.937167°E Golovița 0.50 1.10
2015 C5 44.893472°N 29.036167°E Razim 2.40 0.59
2015 C6 44.872722°N 28.874194°E Razim 1.50 1.20
2016 C7 44.863889°N 29.096944°E Razim 1.30 1.16
2016 C9 44.800000°N 28.987778°E Razim 3.50 0.60
2016 C10 44.789167°N 28.918056°E Razim 1.70 1.60
2016 C11 44.714444°N 28.786111°E Golovița 1.50 1.92
2016 C13 44.736667°N 28.844444°E Golovița 1.50 1.95

magnetometer (Mullender et al., 2016). Changes in the magnetisation direction were recorded along 
the core and compared with regional archaeomagnetic data (Kovacheva et al., 2014, 1998).

Finally, the first arrival of the invasive snail Potamopyrgus antipodarum in Europe in 1859 
(Ponder, 1988) provided an additional maximum age tie point. The species is originally from New 
Zealand, and the chronology of its introduction in other parts of the world is well known. It was 
introduced around 1859 to England, in 1872 to Tasmania, in 1895 to mainland Australia, in ca. 1900 
to the European mainland (Ponder, 1988), and in 1987 to North America (Zaranko et al, 1997). The 
first reports of P. antipodarum from sites closest to the RLS come from Romania in 1951 (Son, 2008) 
and the Black Sea in 1952 (Gomoiu et al, 2002). As the first detection of an alien species possibly 
post-dates the timing of its true arrival (Albano et al, 2018; Crooks, 2005), we use the earliest known 
arrival date of 1859 in Europe and not the first report of arrival in the Black Sea. We checked the 
consistency of the age model by recalculating the model with the Black Sea arrival date to see if 
a possible time lag would severely affect our model and conclusions. We calculated sedimentation 
rates for all cores with dates available and extended the results to the remaining cores through 
correlation of sedimentary facies.

Sedimentary facies were characterized using lithological and sedimentological criteria and 
used to develop a facies model. Cores were digitally photographed and logged at a millimetre-scale. 
Sediment colours were defined using the Munsell Soil Color Charts. Sedimentary features such as 
grain size variations, laminations and cross-stratification were described. Various types of inclusions 
were documented, such as the presence of shells, organic material and trace fossils. Detailed 
sedimentological observations permitted the understanding of variations in depositional energy 
regimes and sedimentary processes and helped to track palaeoenvironments through time.

Mollusc samples, consisting of a block of sediment of 1 cm thickness and 5 cm diameter, were 
taken at 6 cm intervals. Samples were washed and wet-sieved over a 0.5 mm sieve. Samples rich 
in fauna (estimated >300 specimens) were split to facilitate counting. Molluscs were identified to 
species level and the number of individuals for each species was counted. For bivalves, one valve was 
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counted as half an individual, whereas for gastropods, a fragment with a protoconch was considered 
one individual. Final counts were rounded up to the next integer. Species were classified into 
groups with different salinity requirements corresponding to their different evolutionary origins 
(i.e. freshwater, Pontocaspian and marine), to be able to follow the threatened Pontocaspian species 
through time and space (Table S2).

For the current species distribution within the RSL, we used qualitative data of three expeditions 
carried out in 2015, 2016 and 2017 (Table S1). Van Veen grab samples and dredge samples from 
77 stations obtained during a 2017 survey of GeoEcoMar (the National Institute for Research and 
Development of Marine Geology and Geoecology, Romania), were investigated for living molluscs. 
Together with the data from two surveys in 2015 and 2016 by members of the team of authors 
specifically in search for living Pontocaspian molluscs in the RSL, a distribution map of species was 
made.

We used three taphonomic criteria on the mollusc faunas to score for the fidelity of samples, 
i.e. fragmentation, dissolution and abrasion (details in Table S3). These characters yield information 
about transport, energy and post-burial processes like compaction and dissolution and may point 
to reworking or time-averaging of a sample (Erthal et al., 2011; Kidwell, 2013). Samples with high 
taphonomic alteration (any of the three taphonomic scores higher than 3; Table S3) were excluded 
from statistical analyses as they are likely to represent time-averaged or mixed assemblages.

For palaeosalinity estimates, we used published autecological tolerances of species (Table S2). 
However, published upper salinity tolerances are often laboratory-based or derive from the unique 
Baltic Sea (Zhadin, 1952) and are not very informative as to the actual preferences of species in the 
RSL. We therefore assigned species to their optimum salinity habitat within the system: freshwater, 
lower or upper oligohaline and lower or upper mesohaline (sensu Strydom, Whitfield and 
Wooldridge, 2003, Table S2). The Black Sea has a salinity of 18 psu, which is used as the maximum 
salinity in our classification, although the salinity in the southern portion of the RSL is occasionally 
higher due to extensive summer evaporation (Dinu et al., 2015).

We performed a variety of multivariate analyses and statistical tests to explore the spatio-
temporal species distribution and associations and test for potential associations with environmental 
variables. Samples with fewer than 30 specimens were excluded from the analyses to avoid the effect 
of small sample size on species richness.

The similarity among species compositions of individual samples was explored by means of a 
non-metric multidimensional scaling (nMDS). Data were square rooted and subjected to Wisconsin 
double standardisation, where species are first standardised by maxima and then the samples by 
sample totals. The nMDS was computed from a Bray-Curtis dissimilarity matrix. Salinity (i.e. 
weighted average of species’ optimum salinity per sample) and grain size (using the upper bound 
of each category following the Wentworth scale) were fitted as 2D surfaces to the nMDS ordination 
plot to test if differences in species compositions are related to these parameters (compare Hauffe et 
al., 2011; Neubauer, Harzhauser, Mandic, Kroh, & Georgopoulou, 2016). The applied surface fitting 
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uses restricted maximum likelihood estimation and an isotropic smoother employing thin-plate 
regression splines. For visualization purposes, the nMDS plot was rotated so that the first axis is 
parallel to the salinity gradient and the second to grain size.

K-means partitioning was used to determine if the three evolutionary species groups 
correspond to ecological communities (Legendre, 2005). The data were Hellinger-transformed, i.e. 

Fig. 8.2a: Overview of core data. From left to right each core: core photograph, sedimentology (lithology), 

facies, fauna relative abundance per species group based on origin & evolution and estimated palaeosalinities.
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Fig. 8.2b: Overview of core data. From left to right each core: core photograph, sedimentology (lithology), 

facies, fauna relative abundance per species group based on origin & evolution and estimated palaeosalinities.
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square-rooting the relative abundances of count data, and standardized by subtracting the mean 
and dividing by the standard deviation (Borcard et al., 2011; Legendre and Gallagher, 2001). This 
procedure has been recommended for clustering of species abundance data because it limits the 
influence of high abundance values (Legendre and Gallagher, 2001; Rao, 1995). We used the 20 
most abundant species to avoid a bias from rare species (Borcard et al., 2011). We chose k to range 
between 2 and 10 in order to find appropriate groups representing different environmental types. 
To find significant species associations, we calculated Kendall’s W coefficient of concordance for 
each of the partitioned datasets (Legendre, 2005). This method tests for the most encompassing 
assemblages, hence the smallest number of clusters with the largest number of positively and 
significantly associated species (Borcard et al., 2011). For each k, a global Kendall’s W test was run 
to estimate if the identified species groups were significantly associated. An a posteriori test was 
conducted to evaluate the contribution of each species to the groups (Borcard et al., 2011; Legendre, 
2005). Species groups that were not globally significant, as well as species that were negatively or 
not significantly associated, were excluded. For the definition of species associations, we chose the 
solution with k being smallest and yielding groupings that reflect ecologically consistent units.

Finally, we tested for differences between the relative abundances of each of the above-defined 
ecological associations per sample across facies type. A Shapiro-Wilk test was conducted to test for 
normality of the relative abundances per association. Since normality was rejected in all cases, we 
performed for each association a Kruskal-Wallis rank sum test to assess whether the medians of 
relative abundances differ globally across facies types. In addition, pairwise Wilcoxon rank sum tests 
were computed to test for differences in median relative abundances between individual facies.

All analyses were performed in R v. 3.3.3 (R Core Team 2017), using package “vegan” v. 2.4-4 
(Oksanen et al., 2015)

8.4 Results

8.4.1 Age model
We obtained 13 age tie points showing that the RSL record covers slightly over 2000 years (Fig. 
8.2, Table S4, S9). An average sedimentation rate of 0.108 cm/years across the entire lake system 
was deduced (Table S5). Sedimentation rates are estimated as 0.083 cm/years for the lower parts 
of the cores and at 0.126 cm/years for the upper parts. Sedimentation rates in the RSL are high in 
comparison to other regional examples of Miocene-Pliocene deltaic and lacustrine environments 
(De Leeuw et al., 2013; Jorissen et al., 2018), which may be explained by a lack of post-depositional 
compaction of the sediments in these young lagoon and lacustrine sediments. We excluded 
admixed reworked faunas (high taphonomic scores) to reduce a possible bias in our age model. 
Any other bias from reworking through bioturbation and time-averaging is very unlikely given the 
consistency of assemblages and observed trends. Moreover, our age model was little affected (1-5 
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years difference) by the use of the first arrival date of P. antipodarum in Europe (1859) compared to 
the first documented Black Sea region occurrence in 1952.

8.4.2 Facies model
We identified six facies that represent specific sedimentary processes and depositional environments 
(Fig. 8.2; Table S6). Facies F1 consists of medium-grey (GLEY 2-4/5B) silts to coarse-grained sands 
with many reworked millimetre-scale shell fragments. We interpret this facies as deposited under 
high energies in lagoon environments exposed to open marine conditions. Facies F2 is made of 
medium-grey (GLEY 2-5/5B) shell-rich silty clays to coarse-grained sands, with many millimetre- 
to centimetre-scale reworked shell fragments and complete shells. This facies is interpreted as 
sediments washing over sand barriers during storms or after human interventions and that have 
been deposited in lagoon environments. Facies 3 consists of greenish-grey (GLEY 1-5/10Y) to olive 
grey (5Y-5/2) silts or clays with some millimetre-scale horizontal laminations. We interpret this 
facies to be deposited under fluctuating energy regimes, as a combination of suspension deposits 
and flood events within shallow lagoon to lacustrine environments. Facies 4 is made of olive grey 
(5Y-5/2) organic-rich silts and clays. Many millimetre- to centimetre-scale terrestrial organic 
material fragments, including many reeds incorporated vertically or horizontally into the sediments. 
This facies is considered to represent low depositional energies in shallow lacustrine environments. 
Facies 5 consists of dark olive grey (5Y-3/2) to black (5Y-2.5/2) organic-rich clays. These sediments 
contain abundant millimetre- to centimetre-scale terrestrial organic fragments, forming peat 
layers. We interpret this facies to represent very low energy stagnant water bodies in swamp areas. 
Finally, facies 6 is made of olive-brown (2.5Y-4/3) to brown (10YR-4/3) clays without structures. 
We interpret this facies to be deposited under flocculation of clay particles in very low energy 
environments, affected by sediment oxidation. These deposits represent the most recent sediments 
deposited in the lacustrine system (the active layer). The six facies highlight various depositional 
energies in the system. Dynamic sedimentary processes are dominant in lagoon environments with 
preferential deposition of shelly sands, whereas more stable sedimentary processes are prevalent in 
lacustrine environments with preferential deposition of organic-rich clays.

8.4.3 Mollusc composition and palaeosalinity
A total of 235 samples yielded 16,587 mollusc specimens belonging to 44 species (Table S7).

Most species are typical for freshwater environments (24 species), 12 species are of marine 
origin, and eight species have a Pontocaspian character (Table S2). Salinity tolerances of the latter 
group typically include a range from freshwater to oligohaline settings. The three species groups are 
present in all cores, showing variable presence through time and space (Fig. 8.2). The freshwater 
group is dominated by Dreissena polymorpha, Valvata piscinalis and Gyraulus crista. Marine 
species are mainly opportunistic species that live in mesohaline conditions and include Lentidium 
mediterraneum, Ecrobia maritima and Abra segmentum. The Pontocaspian group consists of Adacna 
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fragilis, Clathrocaspia knipowitschii, Dreissena bugensis, Hypanis plicata, Monodacna colorata and 
Theodoxus spp. Most often, individual samples include a mix of the three salinity groups, while some 
show a 100% domination of fresh or marine species. Pontocaspian species rarely dominate a whole 
sample (only twice: C10 at 83 cm and C13 at 42 cm).

The distribution data of extant species show an almost complete domination by freshwater 
species in the entire RSL (Fig. 8.3, Table S1). In Lake Razim, Lake Golovița, Lake Zmeica, as 

Fig. 8.3: Sampling locations of three expeditions in 2015-2017. The first (September-October 2015) and second 

expedition (July 2016) were searching for living Pontocaspian molluscs. The third expedition consisted of six 

transects sampled by GeoEcoMar in 2017 in search of any living mollusc. In the legend w/wo means with or 

without.
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well as along the Jurilovca Canal, the main species found alive are freshwater species. The only 
Pontocaspian species we found in the RSL system is Monodacna colorata, and in very low numbers 
(1-5 individuals per station). In Lake Sinoie, very few living species were found in 2 out of 15 
stations, all of which were freshwater taxa. The two field trips in 2015 and 2016 that specifically 
focused on finding living Pontocaspian Lymnocardiinae resulted in a few additional locations 
for living Monodacna colorata (Fig. 8.3). During our expeditions in the RSL in search for living 
molluscs, no other living Pontocaspian species besides Monodacna colorata were found, nor any 
marine species.

Our age-dated environment model shows that the salinity gradients have dynamically 
shifted through the system over time (Fig. 8.4). The southern part (cores C01-C02-C03-C04) has 
maintained mesohaline conditions almost during the entire time interval. The northern part (C05-
C06-C07) has been freshwater to oligohaline with intervals of increased salinities. Core 7 contains 
unusual high salinity associations between 500 AD and 1900 AD compared to the surrounding 
cores. The cores taken in the centre of the system (C09-C10-C11-C13) show several oscillations 
between freshwater and mesohaline conditions. The majority of the cores indicate mesohaline 
conditions at the base.

8.4.4 Statistical analyses
The nMDS shows that in the 2000-year record most freshwater species lived in the northern 
part of the system (Razim), while the centre and south (Golovița and Sinoie) were dominated by 
species that tolerate higher salinities (nMDS stress = 0.173) (Fig. 8.5, Table S8). More precisely, 
the southern lakes have been almost permanently occupied by mesohaline species, and freshwater 
species dominated the northern part of Lake Razim and western Lake Golovița most of the time. 
Pontocaspian species occurred in various parts of the system through time, yet they were almost 
always present in the central-northern parts and almost entirely lacking in the southern part. The 
surface fitting revealed a strong association between species composition and salinity (R²adj = 0.945, 
deviance explained = 95.1 %, P < 0.001) and, to a lesser extent, grain size (R²adj = 0.533, deviance 
explained = 57.6 %, P < 0.001) (Table S8).

The k-means partitioning for two, three, four and five groups yields significant results for 
Kendall’s W coefficient of concordance; higher k produced groups partly consisting of single 
species, which do not allow testing for concordant groups. Only for k = 2, all groups were 
globally concordant; for each of k = 3 through to k = 5, one group was not concordant (Table 
S8). The a posteriori test for k = 2 generally distinguished between a marine group (but including 
Potamopyrgus antipodarum and Theodoxus danubialis) and a freshwater-Pontocaspian group (Table 
S8). The two concordant groups identified for k = 3 both consist of a mixed composition: one cluster 
was dominated by marine species, including again the freshwater species P. antipodarum and T. 
danubialis, the other one was composed of Pontocaspian species along with freshwater Dreissena 
polymorpha and marine Rissoa membranacea. The a posteriori test for k = 4 identified three 
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groups that match the groups based on species origin, with the only exceptions that the marine 
R. membranacea clustered with the Pontocaspian group (Table 8.2). For k = 5, the Pontocaspian 
group was split up into bivalves (including the freshwater D. polymorpha) and a mixed gastropod 
group including Clathrocaspia, Rissoa and T. danubialis. While the marine group was still clearly 
demarcated, hardly any of the freshwater species were significantly associated.

Of all the clustering levels tested for, k = 4 yielded the ecologically most consistent groupings 
(Fig. 8.6). Indicator species for Association I are Dreissena polymorpha, D. bugensis and Valvata 
piscinalis. The Dreissena species are filter feeding mussels that require hard/firm substrates such as 
shells or sticks (Gittenberger et al., 2004). Valvata piscinalis is a herbivore species that occurs on 
muddy bottoms in standing to slowly moving waters rich in plants (Glöer, 2002). All three species 
are common freshwater species but are able to tolerate salinities up to 5 psu (Glöer, 2002).

Association II is characterized by mainly Pontocaspian species, i.e. Adacna fragilis, Monodacna 
colorata, Hypanis plicata and Clathrocaspia knipowitschii. In general, Adacna spp. occur on muddy, 
rarely sandy bottoms. In the Caspian Sea, they can tolerate salinities between 4-14 psu (Bogutskaya 
et al., 2013). Monodacna colorata inhabits muddy and sandy-muddy substrates and has its optimum 
habitat between 0.03-4 psu, but can tolerate higher salinities (Bogutskaya et al., 2013). Hypanis 

Fig. 8.5: NMDS ordination plot of species compositions across samples grouped into lake regions (stress 

= 0.173). Optimum salinity and grain size were fitted as two-dimensional smooth surfaces to illustrate the 

associations with species composition. Species marked with numbers: 1 – Planorbis planorbis, 2 – Clathrocaspia 

knipowitschii, 3 – Potamopyrgus antipodarum, 4 – Theodoxus danubialis, 5 – Planorbarius corneus, 6 – Abra 

segmentum, 7 – Rissoa membranacea, 8 – Valvata macrostoma, 9 – Hypanis plicata, 10 – Mytilaster minimus, 11 – 

Ecrobia maritima, 12 – Parthenina interstincta, 13 – Cerastoderma glaucum, 14 – Lentidium mediterraneum.
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Species Spearman mean W per species Corrected P Group

Dreissena polymorpha 0.187 0.35 0.032 1
Dreissena bugensis 0.226 0.381 0.03 1
Gyraulus crista* 0.13 0.304 0.23 1
Lithoglyphus naticoides* 0.16 0.328 0.175 1
Valvata piscinalis 0.222 0.378 0.029 1
Adacna fragilis 0.451 0.561 0.002 2
Clathrocaspia knipowitschii 0.435 0.548 0.002 2
Hypanis plicata 0.423 0.538 0.002 2
Monodacna colorata 0.434 0.547 0.002 2
Rissoa membranacea 0.36 0.488 0.002 2
Abra segmentum 0.495 0.596 0.002 3
Cerastoderma glaucum 0.452 0.561 0.002 3
Ecrobia maritima 0.534 0.627 0.002 3
Mytilaster minimus 0.336 0.469 0.002 3
Parthenina interstincta 0.35 0.48 0.002 3
Lentidium mediterraneum* -0.064 0.149 0.83 4
Potamopyrgus antipodarum* 0.138 0.311 0.113 4
Retusa truncatula* 0.08 0.264 0.299 4
Theodoxus danubialis* 0.104 0.283 0.23 4
Theodoxus fluviatilis* 0.019 0.216 0.729 4

plicata is a filter feeder that prefers silty-sandy to clayey bottoms between 0.5 and 30 m (Bogutskaya 
et al., 2013). In the Caspian Sea, it prefers salinities between 4 and 8 psu (Bogutskaya et al., 2013), 
yet in the Black Sea, populations occur in lower salinities (Popa et al., 2009). They have also been 
observed in the freshwater Volga Delta (Yanina et al., 2010). Clathrocaspia knipowitschii is a 
herbivore gastropod that has been found at depths of 1.5-3 m in deltaic areas with salinities of 0-1.5 
psu (Boeters et al., 2015). In addition to the Pontocaspian species, the marine grazing gastropod 
Rissoa membranacea clusters with this association. This species prefers 15-19 psu but can tolerate 
salinities below 15 psu (Rehfeldt, 1968).

Association III is defined by marine species: Mytilaster minimus, Ecrobia maritima, 
Cerastoderma glaucum, Abra segmentum and Parthenina interstincta. Abra, Cerastoderma and 
Ecrobia are capable of withstanding extreme variations in temperature and salinities between 
oligohaline and hypersaline (Gontikaki et al., 2003; Kevrekidis et al., 2009; Kevrekidis and Wilke, 
2005). Parthenina and Mytilaster are mesohaline taxa that prefer salinities above 15 psu (Table S2).

Table 8.2: Results of the a posteriori test of the contributions of individual species to the overall concordance of 

the four groups identified by k-means clustering at k = 4. Provided are the mean Spearman correlation between 

a species and all other species in the respective group, its contribution to the overall concordance statistic W for 

that group, the permutational probability corrected using Holm’s method and the group it is associated with. 

Species belonging to the non-concordant group and those not significantly associated (P > 0.05) are marked 

with an asterisk. Note that, except for the outlier Rissoa membranacea, groups 1-3 correlate well with the three 

defined salinity groups.
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Fig. 8.6 (description next page)
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The remaining 7 of the 20 most abundant species are either assigned to a non-concordant 
group or are not significantly associated. This outgroup contains a mixture of ecological types, 
including strictly marine taxa like Lentidium mediterraneum and Retusa truncatula, as well as 
typical freshwater species (Lithoglyphus naticoides, Gyraulus crista) and species that can tolerate a 
broad range of salinities (Theodoxus danubialis, T. fluviatilis, Potamopyrgus antipodarum). These 
species are variably assigned to different clusters in other solutions of the k-means clustering (Table 
S8), which suggests that they might not be characteristic of a specific environment or belong to 
ecological groups that could not be identified by our analyses.

The relative abundances of the three associations are partly related to facies type (Fig. 8.7). 
Association I is dominant in the low-energy lacustrine facies F4 and F6, the latter of which is typical 
of the modern setting. The marine Association III is most common in facies F3, characteristic for 
shallow lagoon to lacustrine environments, and F5, typical of stagnant swampy areas. In contrast, 
the Pontocaspian-dominated Association II is evenly distributed across all facies types. This result 
is also confirmed by the Kruskal-Wallis rank sum tests: Association I (χ² = 37.367, P < 0.001) 
and Association III (χ² = 23.431, P < 0.001) show significant differences of the median relative 
abundances across facies types, while Association II does not (χ² = 7.751, P = 0.101). Pairwise 
Wilcoxon tests yielded six significant differences for Association I (F1-F2, F1-F4, F1-F6, F2-F3, 
F3-F4, F3-F6) and three for Association III (F1-F3, F3-F4, F3-F6) (Table S8).

8.5 Discussion

8.5.1 Evolution of the RSL
We subdivided the Late Holocene evolution of the RSL into six phases, represented by snapshots 
A-F (Fig. 8.4, Fig. 8.8). The phases are strongly related to the development of the Danube Delta 

Fig. 8.6 (previous page): Overview of the twenty most abundant mollusc species grouped according to 

the results of Kendall’s W coefficient of concordance (for k = 4). A. Valvata piscinalis (RGM.1309841, Core 

C7, depth 6 cm). B. Dreissena polymorpha (RGM.1309827, C7-6 cm). C. Dreissena bugensis (RGM.1309846, 

C5-18 cm). D. Adacna fragilis (RGM.1309835, C2-18 cm). E. Monodacna colorata s.l. (RGM.1309823, C7-14 

cm). F. Rissoa membranacea (RGM.1309830, C3-48 cm). G. Hypanis plicata (RGM.1309845, C9-3 cm). H. 

Clathrocaspia knipowitschii (RGM.1309843, C11-102 cm). I. Mytilaster minimus (RGM.1309838, C3-24 cm). 

J. Ecrobia maritima (RGM.1309831, C3-48 cm). K. Cerastoderma glaucum (RGM.1309844, C13-24 cm). 

L. Abra segmentum (RGM.1309821, C1-48 cm). M. Parthenina interstincta (RGM.1309832, C3-48 cm). N. 

Lentidium mediterraneum (RGM.1309837, C4-12 cm). O. Retusa truncatula (RGM.1309828, C2-42 cm). P. 

Gyraulus crista (RGM.1309840, C5-54 cm). Q. Potamopyrgus antipodarum (RGM.1309836, C2-18 cm). R. 

Lithoglyphus naticoides (RGM.1309842, C5-18 cm). S. Theodoxus fluviatilis (RGM.1309826, C11-66 cm). T. T. 

fluviatilis (RGM.1309824, C11-78 cm). U. Theodoxus danubialis (RGM.1309839, C3-24 cm). V. T. danubialis 

(RGM.1309834, C2-30 cm). Scale bars are 1 mm.
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(Giosan et al., 2006; Panin, 1997, 1989; Panin et al., 2003; Ștefănescu, 1981; Vespremeanu-Stroe et 
al., 2017), as well as modern human modifications of the RSL (Breţcan et al., 2009; Romanescu and 
Cojocaru, 2010).

Around 50 BC, the RSL was a restricted embayment west of the Black Sea, formed by a barrier 
complex south of the Danube Delta (Fig. 8.8A). At that time, the Sf. Gheorghe I lobe was no longer 
active for the benefit of the southern Old Dunavăţ (D1) lobe (Vespremeanu-Stroe et al., 2017), 
equivalent to the old Coșna Delta described earlier (Panin, 1997, 1989). Erosion of the deltaic lobes 
by strong longshore currents (Dan et al., 2009) had shaped an asymmetric wave-dominated delta in 
the north (Bhattacharya and Giosan, 2003; Preoteasa et al., 2016). Sediment drifting had created the 
Zmeica, Istria and Pahane sand barriers (Bony et al., 2015; Giosan et al., 2006; Vespremeanu-Stroe 
et al., 2017). The analysed facies show the separation of a protected marine bay in the west and an 

Fig. 8.7: Boxplots show the distribution of relative abundances of the associations across the six facies types.
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Fig. 8.8: Snapshot reconstructions of the evolution of the RSL and their mollusc biota. The names of major sand 

barriers are indicated in yellow, while those of deltaic lobes are in black. The names in parentheses and italic 

font are currently inactive lobes. Pie charts indicate the relative abundance of the three associations in the
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exposed lagoon in the north (Fig. 8.2). Both the presence of marine Association III species in all 
cores and the salinity estimations of mesohaline conditions (Fig. 8.4) confirm the idea of a marine 
bay and show the mesohaline waters from the Black Sea dominated most of the RSL. Association I 
(freshwater) and Association II (Pontocaspian) dominated in the northeast, close to the river inflow.

The lagoon underwent further isolation from the Black Sea by a second barrier complex 
at c. 500 AD (Fig. 8.8B). The Old Dunavăţ (D1) developed into the New Dunavăţ (D2) lobe 
(Vespremeanu-Stroe et al., 2017), corresponding to the so-called Sinoie Delta (Panin 1997, 1989). 
The Lupilor (Vespremeanu-Stroe et al., 2013) and the Saele (Bony et al., 2015) sand barriers were 
created by progradation of the deltaic lobe (Vespremeanu-Stroe et al., 2013). The input of freshwater 
from  the Danube increased in the north as the RSL became increasingly isolated from the Black 
Sea, expressed by swamp settings in the northwest and exposed lagoon environments near outlets 
(Fig. 8.2). The relative abundance of Association III decreased, while Association I and II increased, 
especially in the north.

At around 1000 AD, a third barrier complex expanded the lagoon system southwards (Fig. 
8.8C). Sediment progradation from the Sf. Gheorghe II lobe had created the Chituc sand barrier 
(Vespremeanu-Stroe et al., 2017), and further prolonged the Saele sand barrier (Bony et al., 2015). 
Together they shaped a larger lagoon system, forming the outlines of the modern lakes Razim, 
Golovița and Sinoie. The outlet became smaller and decreased the influence of the mesohaline 
Black Sea. Sediments deposited in the south of the system, near the main outlet, indicate exposed 
lagoon environments, whereas the central and northern parts of the system formed more restricted 
lagoon and lacustrine environments (Fig. 8.2). Association III (marine) shifted southwards, while 
Association I (freshwater) dominated near the river mouths. Association II (Pontocaspian) 
dominated the centre of the system.

This situation continued until the end of the Middle Ages (1500 AD), when the lagoon probably 
experienced strong coastal erosion causing the opening of a second outlet in the north-east (Fig. 
8.8D). Sediment that had eroded in the north drifted southward and further prolonged the Chituc 
sand barrier (Vespremeanu-Stroe et al., 2017). Marine influence became larger in the northern 
part, while maintaining river inflow from the west. A 3-fold increase in the relative abundance of 
Association III and the almost complete disappearance of the Pontocaspian-dominated Association 
II indicate a strong turnover of species and a salinity change towards mesohaline (5-18 psu) 
conditions (Fig. 8.4). In the south, where the direct influence of the Black Sea was maintained, 

(Fig. 8.8: continuation of opposite page) time interval of ± 50 years of the indicated snapshot: blue – 

Association I (freshwater); green – Association II (Pontocaspian), orange – Association III (marine), grey – rest 

group. Water colours indicate a salinity gradient: blue is Black Sea influence (18 psu); green is river influence 

(0 psu). Note the freshening of the system and according changes in species associations with the decreasing 

influence of mesohaline waters from the Black Sea.
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Association III remained dominant. The western part of the system formed a more protected 
shallow lacustrine environment (Fig. 8.2), where freshwater Association I was dominant.
Around 1850 AD, the outline of the system became very similar to the current RSL (Fig. 8.8E). 
Sediment progradation had stopped and the coast underwent strong erosion (Dan et al., 2009). 
Sediments deposited in Lake Sinoie are typical of shallow lagoon environments (Fig. 8.2), but 
without any input from rivers. Association III remained dominant here. The northern part of the 
system was a protected shallow lacustrine environment (Fig. 8.2), where Association I gained in 
relative abundance following increased Danube inflow. Lake Golovița was connected to the Black 
Sea via the Gura Portiţa outlet but also experienced riverine influence. In this exposed lagoon 
environment (Fig. 8.2), Pontocaspian species of Association II expanded. They probably had 
previously found refuge in small patches in the north on the boundary between mesohaline and 
freshwater.

In the past century (Fig. 8.8F), anthropogenic activities (closure of marine outlets, opening of 
channels connecting to the Danube) caused a salinity decrease in the RSL (Alexandrov et al., 2004; 
Breţcan et al., 2009; Romanescu and Cojocaru, 2010). Human interventions started at the beginning 
of the 20th century with freshening the lagoon system for economic reasons (Alexandrov et al., 
2004; Breţcan et al., 2009). Two channels were dredged at the beginning of the 20th century and so 
were seven additional channels around 1950 in order to increase the influence of the Danube River. 
Around 1970, the Gura Portiţa outlet was closed to limit marine connections with the Black Sea. In 
Lake Razim, mollusc associations I and II dominated, while the top samples from the cores indicate 
a decrease of Association III in the south. Yet, a total freshening of the fauna, as seen in the current 
species occurrences (see below), has not yet been archived within the active layer.

During the past few years, the isolation of the RSL system led to the development of more 
restricted lacustrine environments with lowered salinities. Observed living mollusc occurrences 
show a fauna dominated by freshwater species (Fig. 8.3). A comparable study on fish populations in 
the RSL showed a similar freshening signal (Alexandrov et al., 2004).

8.5.2 Optimum habitat and resilience of Pontocaspian species
The species groups defined by evolutionary origin almost entirely correspond to ecological 
associations, which in turn relate to environmental settings. Species distributions shifted through 
the RSL in response to changes in the environment. Increasing Black Sea influence matched with 
decreasing freshwater species occurrences. In turn, in periods of freshening, strictly mesohaline 
species such as Mytilaster minimus and Parthenina interstincta disappeared.

Our analyses show various correlations between species associations and salinity and to a lesser 
extent grain size. In general, freshwater species are found in more muddy-clay environments, marine 
species in sandy environments, and Pontocaspians in the transition area between clay and sand. 
Similar correlations between species, salinity and sediment have been demonstrated by other studies 
(Nanami et al., 2005; Teske and Wooldridge, 2003; Ysebaert and Herman, 2002).
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Optimum Pontocaspian habitats were associated with the presence of large enough areas of 
freshwater to oligohaline conditions. Pontocaspian species rarely dominated the faunas and always 
co-occurred with either freshwater or marine species. Pontocaspian species are in general well 
adapted to salinity fluctuations in the freshwater to mesohaline domain (Krijgsman et al., 2019). 
Such conditions have existed in the RSL throughout the late Holocene. Since 2000, however, the 
mixed Pontocaspian assemblages gave way to freshwater assemblages (Catianis et al., 2018).

Around 1500 AD, Pontocaspian species abundances dropped throughout the RSL. The western 
part became dominated by freshwater species, and marine species dominated almost the entire 
remaining system. The increase in salinity caused by the connection to the Black Sea via the 
second outlet might have happened suddenly, giving room to marine species to expand and replace 
Pontocaspian species. Afterwards, the RSL freshened and Pontocaspian species re-established in the 
central-northern parts.

Some apparent incompatibilities occur, including the presence of the marine Rissoa 
membranacea in the Pontocaspian community. This incompatibility may have resulted from the 
mixing of successive communities, e.g. by bioturbation in a single interval. Species that burrow into 
a layer containing well-preserved molluscs from an earlier period may yield a similar preservation 
status (Tomašových et al., 2019), even though we tried to avoid such influence by using taphonomic 
filters.

8.5.3 Human impact and current species distribution
Major human impact in the system occurred in the 20th century with the simultaneous increase of 
Danube input and decrease of Black Sea connectivity leading to an overall freshening of the system. 
Channels dug around 1900 and 1950, as well as the closure of the main marine outlet around 1970, 
increased the fresh water inflow from the Danube Delta and limited the marine inflow from the 
Black Sea into the RSL (Breţcan et al., 2008; Romanescu and Cojocaru, 2010). While the optimum 
Pontocaspian habitats were usually contained in the central-northern parts of the system, they 
have shifted throughout the whole system over the past 2000 years. However, the freshening has 
continued until the present-day, and currently the whole complex has an estimated salinity of 
between 0 in the north and 0.6 psu in the south (Table S1). This freshening has resulted in the 
dominance of freshwater species across the entire RSL and the almost complete disappearance 
of Pontocaspian species. Similar trends in community shifts in the RSL have been reported for 
Pontocaspian fish (Alexandrov et al., 2004).

The near complete breakdown of the previous salinity gradient has the potential to permanently 
eradicate Pontocaspian habitat in the RSL. Pontocaspian biota has been able to deal with many 
salinity changes in the past (Krijgsman et al., 2019) but might not overcome the current situation in 
the RSL complex, where refuge habitats may be lacking. Previously, there was always a small salinity 
gradient available somewhere in the system where Pontocaspian could find refuge, but if the entire 
system freshens further, the remaining Pontocaspian species may face local extinction.
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We see a severe decline in Pontocaspian species numbers based on the observations of living 
species over the past few years. The only Pontocaspian species we found living in the RSL is 
Monodacna colorata, which is particularly suited to surviving in lower-salinity ranges (below 4 psu; 
Bogutskaya et al., 2013). Very small numbers of Adacna fragilis and high numbers of living Hypanis 
plicata have been reported in 2007-2008 in Lake Golovița (Popa et al., 2009). No other Pontocaspian 
mollusc species have recently been reported alive in the RSL. Outside the RSL, but within the Black 
Sea basin, Clathrocaspia knipowitschii has been reported alive in 2005 in the Lower Dnieper area, 
Ukraine (Anistratenko, 2013).

8.5.4 Conservation implications
Since 1990, the RSL has been part of the Danube Delta Biosphere Reserve, established to preserve 
the genetic diversity of the local flora and fauna (Rezervatia Biosferei-Delta Dunarii 2017). 
Although the protection focuses on the restriction of human impact on the deltaic system today, 
no action has been undertaken to reduce the negative effects of past human activity. Over the past 
decades, Pontocaspian species occurrences and abundances have declined strongly within the 
RSL system. We are in need of new detailed observation campaigns that specifically target areas 
where Pontocaspian species were found in our cores in order to assess whether low numbers of 
these species locally may be present. The current study demonstrates that a restoration of previous 
salinity gradients by human intervention is the most likely solution to reversing the steep decline 
in Pontocaspian species richness and abundance. The development of dynamic barriers that allow 
limited and manageable influx of seawater, similar to that developed elsewhere (van Banning et 
al., 2018) might be a strategy to be considered. Such an approach would enable restoration of the 
salinity gradients and dynamics in the RSL system and also enable mobile organisms such as fish 
to migrate between low-salinity areas in the RSL and the mesohaline Black Sea. This would benefit 
both the unique benthic and fish populations in the RSL.

Factors that are typically seen as negative influences on natural systems, such as projected global 
sea-level rise as well as increased coastal erosion following sediment starvation due to damming 
of the Danube Delta (Panin and Jipa, 2002), might actually be helpful in the restoration of such 
conditions as new outlets will be created naturally.

8.5.5 The value of conservation palaeobiological case studies
This study serves as an example of how conservation issues can be targeted by analysing a detailed 
palaeobiological record of environmental and faunal change. The Pontocaspian community 
lives within a salinity gradient and is constrained between marine and freshwater environments. 
Its presence can be traced through time and space in the RSL record. Our approach of using a 
palaeobiological record that is suitable for outlining direct conservation consequences might well 
be applied to other biota under pressure. Mangrove and reef slope communities are good examples; 
these can contain high-resolution palaeobiological records (Cramer et al., 2017). However, 
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addressing post-depositional mixing of faunas using a taphonomic approach is required to assess 
the quality and fidelity of the palaeobiological record.

8.6 Conclusions
We present a palaeobiological case study of threatened Pontocaspian biota from the Razim-Sinoe 
lake system along the Romanian Black Sea coast. Our 2000-year record shows the existence of a 
Pontocaspian community that shifted through the system along salinity gradients that in turn were 
influenced by both natural processes and human interventions. The near-complete breakdown of 
the salinity gradients in the past decades corresponds with a major decline of these threatened 
biota. We argue for the restoration of salinity gradients in order to protect the Pontocaspian habitats 
and species. Documenting a palaeobiological record can only be successful when postdepositional 
taphonomic processes are taken into account.
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Appendix:  
Data report on early Holocene 

Pontocaspian mollusc assemblages from 
the Black Sea

In preparation:
van de Velde, S./Wesselingh, F.P., Stoica, M., Radan, S., Jorissen, E.L., Krijgsman, W., Lourens, L., 
Büyükmeriç, Y., Berdnikova, A., Garova, E., ter Poorten, J.J., Lubbers, M., Neubauer, T.A. Natural 
dynamics of mollusc faunas from the Black Sea during the early Holocene time period.

9.1 Introduction
In this report we present counting data and diversity estimates of Pontocaspian mollusc assemblages 
from the early Holocene Black Sea. The material is part of a core taken at the Romanian continental 
shelf and provides an unusual record of environmental and faunal change. Three mollusc faunas 
were recognized, each representing different stages of Black Sea basin development in the Late 
Pleistocene-early Holocene transition (pre-Neoeuxinian, Neoeuxinian and Holocene). The aim 
of the study in preparation is to show how faunal composition and diversity changed through 
time based on the natural dynamics of the palaeoenvironment. In this Appendix data report, we 
outline the nature and the diversity of a Pontocaspian mollusc fauna of the Black Sea basin that 
lived around 8,000 yrs BP, at the end of the Neoeuxinian period. Just prior to the Holocene marine 
transition, the Black Sea basin was a lake with variable salinity settings and oxygenation regimes 
and large variations in lake level. It hosted the unique anomalohaline Pontocaspian fauna, which 
became marginalized by marine assemblages into coastal habitats of the northern Black Sea after a 
reconnection with the Mediterranean Sea during the Holocene flooding.

9.2 Material and methods
Gravity core MN143CT04 was collected by the PRIDE team during a scientific cruise on board 
of research vessel Mare Nigrum in October 2015. It was taken at 40 m water depth, at around 30 
km from Constanța (44°04’53.8”N, 29°02’19.6”E, Black Sea, Romania). From the 124 cm long 
core 28 samples were taken at intervals of 3-5 cm. Here we focus on 4 samples that contain in-situ 
Neoeuxinian faunas as shown by the presence of paired Monodacna colorata. Counting procedures 
follow van de Velde et al., 2019b. Taxonomy follows Wesselingh et al., 2019 with the exception of 
Adacna fragilis, that was attributed to A. laeviuscula by these authors but since then has been

9

291



Table 9.1: Species abundance list with Neoeuxinian taphonomic signature

FAMILY SPECIES DEPTH (cm)

58-61 61-63,5 63,5-66 66-71

Mytilidae Mytilaster minimus s.l. (Poli, 1795) 2.0 0.5 0.5 0.0
Cardiidae Cerastoderma sp. A [non C. rhomboides (Lamarck, 1819)] 0.0 0.0 2.0 0.0
Cardiidae Hypanis plicata (Eichwald, 1829) 0.5 1.0 1.0 0.0
Cardiidae Monodacna colorata (Eichwald, 1829) 67.5 95.5 171.5 23.5
Cardiidae Adacna fragilis Milaschewitsch, 1908 0.0 0.0 0.0 0.5
Cardiidae Parvicardium exiguum (Gmelin, 1791) 0.0 0.0 0.0 0.5
Semelidae Abra segmentum (Récluz, 1843) 2.0 0.5 1.0 1.5
Corbulidae Lentidium mediterraneum (Costa, 1830) 1.0 0.0 0.0 0.0
Dreissenidae Dreissena bugensis Andrussov, 1897† 58.0 20.5 94.0 14.0
Dreissenidae Dreissena caspia Eichwald, 1855 3.0 21.5 9.0 20.0
Dreissenidae Dreissena polymorpha (Pallas, 1771) s.l. 305.5 155.0 629.5 149.0
Neritidae Theodoxus fluviatilis (Linnaeus, 1758) 0.0 1.0 3.0 0.0
Hydrobiidae Clathrocaspia knipowitschii (Makarov, 1938) 20.0 20.0 89.0 13.0
Hydrobiidae Ecrobia maritima (Milaschewitsch, 1916) 8.0 8.0 17.0 8.0
Hydrobiidae Clessiniola variabilis (Eichwald, 1838) 1.0 0.0 0.0 0.0
Hydrobiidae Clessiniola sp. 2.0 1.0 0.0 0.0
Hydrobiidae Laevicaspia lincta (Milaschewitsch, 1908) 46.0 30.0 440.0 24.0
Hydrobiidae Laevicaspia sp. 31.0 41.0 3.0 13.0
Pyamidellidae Parthenina interstincta (Adams, 1797) 0.0 1.0 0.0 0.0
Valvatidae Valvata sp. 0.0 0.0 2.0 1.0

found to have different conchological and ecological characters (FPW & JJtP pers. obs.). Molluscs 
of 12 samples were used for 14C dating. The 14C analyses were performed at the DirectAMS lab 
(Washington, USA), through AMS processing and measuring following protocols at www.directams.
com. The results are reported here as uncalibrated radiocarbon years BP. All results have been 
corrected for isotopic fractionation with an unreported d13C value, measured on the prepared 
carbon by the AMS. A faunal-taphonomic approach was used to disentangle time-averaged records 
and provide detailed insights into the late Quaternary evolution of the Black Sea basin and its biota, 
following van de Velde et al. (2019). A rarefaction analysis was performed using R v. 3.5.2 (R Core 
Team, 2018) with package ‘iNEXT’ v. 2.0.19 (Hsieh et al., 2016) to estimate the representativeness of 
the samples for diversity analysis.

9.3 Results
Based on the analyses of age dates (14C), stratigraphic position and taphonomy of mollusc shells 
three environmental phases and their associated faunas are identified: a pre-Neueuxinian, 
Neoeuxinian and a Holocene phase (Fig. 9.1). Some admixture of faunas was found that is attributed 
to bioturbation. In this report we focus on the Neoeuxinian mollusc fauna as it represents a baseline 
of a natural Pontocaspian assemblage in the Black Sea basin prior to anthropogenic influence. The 
taphonomy of all species is similar, they have a grey blue preservation status, the surface details are 
well preserved and they show slight corrosion. The rarefaction curve of the Neoeuxinian fauna is 
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Fig. 9.1: Black Sea core MN143CT04 information. From left to right: depth, core picture, sedimentology, 14C 

ages, time period. Orange represents Holocene time period, green is the late Neoeuxinian, yellow is associated 

with the pre-Neoeuxinian. Samples contain reworked material causing the mixing of 14C ages.
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nearly saturated (Fig. 9.2), suggesting that our samples represent an appropriate estimate of the true 
richness. The 2674 individuals contain 20 species (Table 9.1), of which eleven are bivalves (Fig. 9.3) 
and nine are gastropods (Fig. 9.3). Twelve species are endemic/native to the Pontocaspian origin 
(Clathrocaspia knipowitschii, Clessiniola variabilis, Clessiniola sp, Dreissena bugensis, D. caspia, D. 
polymorpha, Adacna fragilis, Hypanis plicata, Monodacna colorata, Theodoxus fluviatilis, Laevicaspia 
lincta, Laevicaspia sp.,). Seven species have a marine origin (Abra segmentum, Cerastoderma sp. A., 
Ecrobia maritima, Mytilaster minimus, Parthenina interstincta, Parvicardium exiguum, Lentidium 
mediterraneum). One species (Valvata sp.) is typical of fresh water. Excluding Valvata, the late 
Neoeuxinian mollusc fauna shows an estimated species richness of 12 Pontocaspian species and 
7 marine species at 5000 specimens. This is well below Pontocaspian richness estimates of the 
Girkanian (37 Pontocaspian species: van de Velde et al., 2019b) and Novocaspian (26 Pontocaspian 
species: van de Velde et al., 2019c) in the Caspian basin.
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Fig. 9.2: Rarefaction curve of the mollusc assemblage from the Neoeuxinian time period. The curve is nearly 

saturated, indicating that our samples represent an appropriate estimate of the true richness of the Neoeuxinian 

species.

Fig. 9.3 (opposite page). Overview of late Neoeuxinian molluscs from core MN143CT04: 1. Monodacna 

colorata (depth 61-63 cm, RGM.962524), 2. Adacna fragilis (depth 66-71 cm, RGM.962536), 3. Hypanis plicata 

(depth 61-63.5 cm, RGM.962408), 4. Parvicardium exiguum (depth 86-91 cm, RGM.962537), 5. Cerastoderma 

sp. A (depth 63.5-66 cm, RGM.962527), 6. Abra segmentum (depth 54-58 cm, RGM.962520), 7. Dreissena 
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(Fig. 9.3 continuation) polymorpha (depth 54-58 cm, RGM.962519), 8. Dreissena caspia (depth 66-71 cm, 

RGM.962531), 9. Dreissena bugensis (depth 63.5-66, RGM.962528), 10. Mytilaster minimus s.l. (depth 58-61 cm, 

RGM.962521), 11. Laevicaspia lincta (depth 71-78 cm, RGM.962532), 12. Clessiniola variabilis (depth 58-61 

cm, RGM.962522), 13. Ecrobia maritima (depth 63.5-67 cm, RGM.962529), 14. Clessiniola sp. (depth 58-61 cm, 

RGM.962523), 15. Theodoxus fluviatilis (depth 71-76 cm, RGM.962411), 16. Clathrocaspia knipowitschii (depth 

63.5-66 cm, RGM.962530), 17. Laevicaspia sp. (depth 106-111 cm, RGM.962532), 18. Valvata sp. (depth 63.5-66 

cm, RGM.962526), 19. Parthenina interstincta (depth 61.-63.5 cm, RGM.962525). Scale bars = 1 mm.
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Synthesis & future perspectives

Highlights
• Late Quaternary mollusc fauna snapshots show that until the late Holocene endemic species 

dominated the Caspian communities with minor contributions of native species. Invasive 
species were no part of the fauna.

• The Pontocaspian mollusc species richness in the Caspian Sea basin is higher than in the 
Pontocaspian habitats of the Black Sea basin, or the Aral Sea basin.

• The strong natural fluctuations of Caspian Sea level affected shallow water bivalve species of the 
genus Didacna, but barely changed the overall composition of the mollusc faunas.

• Late Quaternary mollusc fauna snapshots of the Black Sea basin show very little change in 
the Pontocaspian species community before and after anthropogenic pressure. However, the 
Pontocaspian mollusc communities are currently under severe threat of habitat destruction.

• Over the 20th-21st century, Pontocaspian molluscs have experienced a severe decline in species 
richness and abundance: a strong turnover towards invasive species in the Caspian basin, strong 
habitat decline in parts of the Black Sea basin and total species obliteration in the Aral basin.

• The Caspian Sea acts as a source for Pontocaspian biota, hence conservation efforts are 
imperative there. The deeper parts (>50 m water depth) possibly present a (partial) refuge and 
urgent research is required to assess these habitats and their faunas.

10.1 Understanding Pontocaspian mollusc diversity
The previous chapters present new data on late Quaternary Pontocaspian mollusc faunas. These data 
show different mollusc compositions under natural variation and under human impact. In order 
to allow for meaningful biodiversity comparisons, similar Pontocaspian habitats in the Black Sea 
basin and the Caspian Sea basin were investigated in a number of late Quaternary time intervals. 
In this last chapter, a short overview of the results is presented and the findings are put in a broader 
perspective. The documented patterns of mollusc diversity are summarized, the faunas in the 
different basins are compared, and the potential processes that have driven the development of 
late Quaternary Pontocaspian biodiversity are discussed. Specifically, the question whether there 
is a Pontocaspian biodiversity crisis is addressed. The relevance of the new data is discussed in 
terms of understanding the resilience of the fauna and the possibilities of mitigating the current 
Pontocaspian mollusc diversity crisis.
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10.2 Patterns of Pontocaspian mollusc diversity

10.2.1 Late Quaternary mollusc biodiversity in the Caspian Sea basin
An overview of the site locations is given in Fig. 10.1 and all faunal data are summarised in Fig. 
10.2 and Fig. 10.3. The Caspian fauna studied comprises a Late Pleistocene (MIS5) Hyrcanian fauna 
from Selitrennoye at the lower Volga (Russia) and a Holocene Novocaspian fauna from the Turali 
region in Dagestan (Russia). Furthermore, six successive faunas from a borehole on the North 
Caspian Continental Shelf (the NCCP core) were studied. All faunas represent lower mesohaline 
conditions and shallow depositional depths (mostly above or around storm wave base, 0–50 m water 
depth) during relative highstand intervals. The Late Pleistocene faunas are entirely composed of 
Pontocaspian species and contain between 10 and 32 species. These faunas form a natural baseline. 
They are dominated by cardiid and dreissenid bivalves and hydrobiid and neritid gastropods. 
The species are predominantly Caspian endemics (91–100%); no species presently invasive in the 
Caspian Sea are part of the assemblages.

The late Quaternary Caspian faunas are dominated by the Pontocaspian bivalve genera Adacna, 
Didacna, Hypanis, Monodacna and Dreissena and the gastropod genera Theodoxus, Clathrocaspia, 
Ulskia, Clessiniola, Laevicaspia, Turricaspia, Abeskunus and Andrusovia. As for the bivalves, most 
of the species living today have occurred throughout the Late Pleistocene and early Holocene. 
However, different Didacna species occur in different time intervals; their very high turnover rates 
makes them useful biostratigraphic markers (Nevesskaja, 2007; Yanina, 2005).

Fig. 10.1: Overview of Pontocaspian site locations used in this thesis. A. Razim-Sinoie lake, B. Western Black 

Sea, C. Selitrennoye, D. Turali, E. North Caspian Core Project (NCCP), F. NCOC (2017), G. Latypov (2015), H. 

Leroy et al. (2018).
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During the early Holocene, the Pontocaspian fauna richness and abundance changed due to 
the arrival of invasive species. The Novocaspian (NCCP-5) assemblage in the northern Caspian 
Sea consists of 10 species and contains a 100% Pontocaspian abundance (99% endemic, 1% 
native). The Novocaspian assemblage from Turali, which lived around 2300-2700 yrs BP, contains 
26 Pontocaspian species, but also two invasive species (Cerastoderma glaucum, C. sp. A) are part 
of the assemblage. Pontocaspian species are still most abundant (78% Pontocaspian endemic, 12% 
Pontocaspian native, 10% invasive).

The average Pontocaspian species richness is the lowest of all Late Quaternary faunas in the 
20th-21st century. The endemic species abundance decreased to 12-31% of the total assemblage. 
In total, seven Pontocaspian species have been reported by Latypov (2015) from Sulaksky Bay 
in Russia, 18 Pontocaspian species in the species monitoring project of the NCOC (2018) on the 
Kazakh shelf and eight Pontocaspian species in Gorgan Bay, Iran (Leroy et al., 2018). In addition to 
the (endemic and native) Pontocaspian species, three recent marine invasive species were found by 
all three studies (Mytilaster minimus, Cerastoderma glaucum and Abra segmentum). These invasive 
species dominate the faunas in abundance. Several of the bivalve and gastropod species that were 
abundant before the 20th century have not been reported alive by inventories or collectors. Dreissena 
caspia and D. elata, for example, have been replaced by Mytilaster minimus between 1938 and 1957 
in the Caspian Sea (Kostianoy et al., 2005), and have the status ‘critically endangered, possibly 
extinct’ at the IUCN Red List (von Rintelen and Van Damme, 2011b).

The abundance data of Latypov (2017) and NCOC (2018) studies cannot be directly 
compared with our data, as they were collected using a different methodology. The Gorgan Bay 
data have been assembled using the same methods as the studies reported herein and represent 
dead shell assemblages (Leroy et al., 2018). The communities are dominated (56%) by the three 
abovementioned species that became invasive in the past century. The mollusc abundances reported 
in Latypov (2015) and NCOC (2018) were calculated by measuring the species settlement density 
(individuals/m2) for the former, and mollusc species biomass (g/m2) for the latter. Both studies show 
that the majority of density and biomass is composed of invasive species. In ten of the eleven years 
during which the faunas were monitored by the NCOC, a single species was dominant: the invasive 
A. segmentum.

A further dataset has been recently published on mollusc abundances at 200-1000 m water 
depth in the southern Azerbaijan Caspian Sea (Mirzoev and Alekperov, 2017). The reported faunas 
contain 27 Pontocaspian species. However, it is unclear how the data were acquired and whether 
they concern living species and/or dead shells, which is why they cannot be unambiguously used to 
assess modern biodiversity.

During a survey offshore Aktau, (Kazakhstan, 2017) in the frame of the PRIDE project, grab 
samples were taken on transects between 10 m and 250 m water depth. Only few living Pontocaspian 
species were encountered during the field trip (Dreissena grimmi, Didacna profundicola, D. 
trigonoides, Theodoxus pallasi). A rich endemic shelly fauna dominated by hydrobiids was found, 
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but these concerned all dead shells. A few living endemic hydrobiid species have been found during 
environmental impact assessments around Azerbaijani oil installations (E. Jafarova, pers. comm. 
08/2018), including Turricaspia meneghiniana and T. dimidiata. Living specimens of the bivalve 
species Didacna profundicola and Dreissena grimmi were also found.

Based on the available data, Lattuada et al. (2019a) established biodiversity hotspots for endemic 
Pontocaspian molluscs. For bivalves, distribution optima are centred around 31-39 m water depth 
at the transitional zone between the northern and the middle Caspian Sea basin as well as in the 
western and eastern parts of the southern Caspian Sea basin. Optima for gastropods were found 
to be slightly deeper (between 41-74 m water depth) and located mainly in the western parts of the 
middle and southern Caspian Sea basins.

10.2.2 Late Quaternary mollusc biodiversity in the Black Sea basin
No standardised late Quaternary Pontocaspian mollusc biodiversity data have been available from 
the Pontocaspian habitats in the Black Sea basin previous to this project. Our new records from a 
borehole on the Romanian shelf (capturing pre-Holocene assemblages) and from the Razim lake 
system in Romania (covering the past 2000 years) are the first baseline inventories of such faunas 
(Fig. 10.2).

Throughout the late Quaternary in the Black Sea basin, Pontocaspian communities have been 
dominated by species of the bivalve genera Adacna, Monodacna and Hypanis. The genus Didacna, 
which is dominant in the late Quaternary Caspian Sea, is lacking in the basin. Gastropod richness 
is much lower in the Black Sea compared to the Caspian Sea (Wesselingh et al., 2019). The Black 
Sea Pontocaspian gastropod fauna is dominated by species of Clathrocaspia, Laevicaspia and 
Theodoxus. Overall Pontocaspian species richness is lower in the Black Sea basin, and several of the 
Pontocaspian species are likely sister species of Caspian species, namely: Adacna fragilis vs. A. vitrea, 
Dreissena bugensis vs. D. grimmi, D. polymorpha vs. D. elata, Theodoxus danubialis vs. T. pallasi and 
Clathrocaspia knipowitschii vs. C. gmelini. Preliminary analyses on newly collected material show 
morphological differences as well as different autecological tolerances that might be indicative of 
different species. In summary, the Black Sea basin Pontocaspian fauna can be characterised as a less 
diverse fauna and consisting of more generalist species than the Caspian Sea basin Pontocaspian 
fauna.

The studied late Neoeuxinian mollusc assemblages from the Black Sea contain 18 species. 
Ten species are endemic/native to the Pontocaspian area (Clathrocaspia knipowitschii, Clessiniola 
variabilis, Dreissena bugensis, D. caspia, D. polymorpha, Adacna fragilis, Hypanis plicata, Monodacna 
colorata, Theodoxus fluviatilis, Laevicaspia lincta). Seven species have a marine affinity (Abra 
segmentum, Cerastoderma sp. A, Ecrobia maritima, Mytilaster minimus, Parthenina interstincta, 
Parvicardium exiguum, Lentidium mediterraneum). One species (Valvata sp.) is typical of fresh 
water. Salinities in the Neoeuxinian lake phase were around 7-8 psu (Nevesskaja, 1965; Svitoch, 
2010b) and water levels varied between 110 m b.s.l. (Balabanov and Izmaylov, 1989; Ostrovsky 
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et al., 1977) and 30 m b.s.l. (Mudie et al., 2014; Yanko-Hombach et al., 2014). The exact age of the 
Neoeuxinian period is still under debate (Svitoch, 2010; and references therin). The Neoeuxinian 
lake phase existed between 25 ka BP and 6 ka BP (Krijgsman et al., 2019; Svitoch, 2010; and 
references therein). The end of the Neoeuxinian coincides with the marine inflow from the 
Mediterranean Sea (Doğan et al., 2019; Fedorov, 1978; Kvasov, 1975; Yanchilina et al., 2017) and the 
replacement of a Pontocaspian-dominated with a modern marine fauna (Krijgsman et al., 2019).

The late Holocene records in eleven cores of the Razim-Sinoie lake complex contain a total of 
41 species: 20 freshwater, thirteen marine, eight Pontocaspian. Different combinations of species 
with different habitat preferences occur in time and space during the past 2000 years. Within the 
entire record of the Razim-Sinoie lake complex, the Pontocaspian species, all of which have existed 
since the Neoeuxinian, have always occurred within the marine-freshwater salinity gradient. They 
have rarely dominated the fauna but always co-occurred with either freshwater or marine species. 
A huge turnover has been documented in the Razim-Sinoie lake complex in the past few decades. 
The fauna assemblages of the years 2015-2017 in the lake complex lack marine species entirely and 
most of the Pontocaspian species have disappeared. Freshwater species dominate the entire system, 
and only a single Pontocaspian species (Monodacna colorata) is found alive. The marine-freshwater 
salinity gradient is largely gone due to anthropogenic activities, and the whole complex now has an 
estimated salinity between 0 and 0.6 psu.

10.2.3 Aral Sea
The Aral Sea is one of the largest ecosystem obliterations of the past century world-wide. Before the 
mid-19th century, the Aral Sea was a diverse ecosystem containing intergraded freshwater, brackish 
and saline habitats (Aladin et al., 2008). In the Atlas of the Aral Sea invertebrates (Mordukhai-
Boltovskoi, 1974), eight mollusc species are mentioned to have lived there (sensu Wesselingh et 
al 2019): three Pontocaspian endemic species (Dreissena caspia, Adacna vitrea, A. minima), three 
native Pontocaspian (Theodoxus pallasi, Ecrobia grimmi, D. polymorpha) and two marine invasive 

Fig. 10.3: Overview Black Sea mollusc diversity: Marine Isotope stages (Pickering et al., 2018), time period 

(estimated from Krijgsman et al., 2019), site information, depth (in meters), salinity (in psu), species richness 

and species relative abundance counts.
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species (Cerastoderma glaucum, C. sp. A). Since the 1960s, people started withdrawing water from 
the two main rivers that fed the system for irrigation purposes (Boomer et al., 2000; Mainguet et 
al., 1997; Micklin, 2007). This resulted in a water level drop and an increase in salinity (Aladin et 
al., 2008; Boomer et al., 2000; Micklin, 2007). At about the same time, man successfully introduced 
Abra segmentum as fish food, and a few years later unsuccessfully introduced Monodacna colorata 
(Aladin et al., 2004). In the 1980s, attempts to introduce Mytilus galloprovincialis and Mya arenaria 
also failed due to lack of substrate and the desiccation of the shallow waters (Aladin et al., 2004). 
In the 1990s, the volume of the lake had decreased by 60 % of the original area (before 1960) and 
salinities had risen from 9 psu to 30 psu (Boomer et al., 2000). By then, the majority of the aquatic 
fauna consisted of marine species; all freshwater and most brackish species had disappeared, while 
Abra segmentum, C. glaucum and C. sp. A, and E. grimmi thrived (Aladin et al., 2008, 2004).

10.3 Processes influencing Pontocaspian mollusc diversity
Here, first the drivers of Pontocaspian biodiversity are discussed in the three lake basins and then 
the faunal exchange during connections between basins.

10.3.1 Caspian Sea
The late Quaternary mollusc record prior to the 20th century shows the continuous presence of 
most Pontocaspian species with the exception of Didacna species, which experienced several major 
turnovers (Yanina, 2014; Krijgsman et al., 2019). These turnover events appear to be correlated to 
very deep regressions. Given the fact that mollusc biodiversity hotspots are found in relatively deep 
water (31-74 m, Lattuada et al., 2019a) and many endemic species occur in even deeper parts of the 
Caspian Sea (100-400 m; Bogutskaya et al., 2013), the mollusc fauna is likely well adapted to Caspian 
Sea level changes. Moreover, lake level fluctuations mostly affect the shallow habitats in the northern 
and south-western Caspian Sea. Further research is required to examine whether limited depth 
ranges and salinity tolerances of some of the shallow-dwelling species are correlated with increased 
turnover rates.

New distribution data are required to model species distribution changes under a variety of 
environmental scenarios. During the Holocene, and especially during the last 100 years, a major shift 
towards dominance of invasive marine species can be observed. These human induced changes in 
species composition have had a different effect on the Pontocaspian fauna compared to the changes 
caused by natural events. Twentieth century Caspian Sea level change were minor compared to 
previous Quaternary lake level oscillations (Krijgsman et al., 2019). The invasive species, however, 
arrived suddenly, repeatedly and irreversibly (Yanina, 2012a). They have a high adaptive capability 
and a high competition potential compared to the specialised endemic and native Pontocaspian 
species (Kostianoy et al., 2005; Zolotarev, 1996).

Climate simulations show that the predicted global warming will not only increase precipitation 
in the Caspian catchment area, but also increase evaporation over the Caspian Sea (Nandini-Weiss 
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et al., 2019). This will result in a negative water budget and a possible Caspian Sea water level decline 
of 9 m to 18 m by the end of the 21st century (Nandini-Weiss et al., 2019). Such a big water drop will 
have severe consequences for the size of the Pontocaspian habitats. The shallow northern part of the 
Caspian Sea basin, which has a depth of less than 5 m, will disappear, and so will the shallow parts 
in the south east. The newly created Pontocaspian habitats on the steep depth gradient on the border 
of the northern and middle Caspian Sea basin will be much smaller than the previous habitat, likely 
putting even more pressure on the already battered Pontocaspian fauna.

10.3.2 Black Sea
The paucity of time series from the Black Sea basin imposes limits on our understanding of the 
drivers of Pontocaspian biodiversity. Since the Middle Pleistocene, the Black Sea basin has alternated 
between isolated lake phases, whenever global sea levels dropped below the Bosporus threshold, 
and marginal marine phases during interglacial sea level highstands (Krijgsman et al., 2019). Both 
in the Holocene, as well as during MIS5 highstand, marine communities established in the Black 
Sea basin and marginalised Pontocaspian communities in the northern coastal regions. In the 
intervening periods, lake conditions existed similar to those in the Caspian Sea today, and during 
some of these intervals the basin became dominated by Pontocaspian species and communities. 
The Neoeuxinian is the last of such a Pontocaspian phase. The Black Sea biota experienced very 
large salinity fluctuations, ranging from 5-7 psu during the Neoeuxinian to 30 psu during the MIS5 
Karangatian highstand.

In the 20th century, the salinity gradients in the coastal refuges of Pontocaspian biota have 
become compromised and the Pontocaspian biota appear to be squeezed in between freshwater and 
marine biota in at least part of the Pontocaspian habitats. Many of the Pontocaspian species still 
occur in coastal environments within salinity gradients, but several of these species are also known 
from the lower courses of adjacent rivers indicating they are adapted to survive episodic freshening 
(Wesselingh et al., 2019). Unlike in the Caspian Sea, where deeper waters host Pontocaspian species 
hotspots (Lattuada et al., 2019b), it is possible that the development of anoxia during highstands 
(Eckert et al., 2013; Piper, 2016; Yanko-Hombach et al., 2007) precluded the development of deeper 
water species and communities in the Black Sea.

10.3.3 Aral Sea
The Aral Sea has been a marginal Pontocaspian habitat (Aladin et al., 2008; Boomer et al., 2000; 
Plotnikov et al., 2016). It has never provided a continuous Pontocaspian habitat through time 
(Filippov and Riedel, 2009). Evidence for desiccation during the mid-Holocene were presented by 
Mainguet et al. (1997), Mainguet and Létolle (1997), Micklin (2007), and Micklin et al. (2014). It 
is uncertain where Pontocaspian species found refuge during adverse conditions. The low richness 
and dominance of ecologically tolerant and even opportunistic species, before the late 20th century 
desiccation, is in line with the dynamic environment of the Aral Sea (Filippov and Riedel, 2009).
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10.3.4 Fauna interactions during highstands
Within in the late Quaternary, Black Sea basin highstand phases (Chernomorian, Karangatian) were 
characterized by the immigration of Mediterranean faunas, while Pontocaspian faunas dominated 
during lacustrine phases (e.g. Neoeuxinian, Chaudian) (Krijgsman et al., 2019). Whenever the 
basin was occupied by Mediterranean faunas, the Pontocaspian faunas were marginalised into 
coastal zones similar as today or possibly disappeared (Wesselingh et al., 2019). In the Caspian Sea 
species abundances varied between highstand intervals, yet Pontocaspian richness remained similar. 
Repeated Caspian overflow events (Krijgsman et al., 2019; Yanina, 2014) reintroduced Caspian 
species in the Black Sea basin. The findings of this thesis indicate that the Caspian Sea basin has 
acted as a source of Pontocaspian taxa from the Middle Pleistocene onwards, and the Black Sea basin 
mainly as a sink. The Aral basin also acted as a sink. The latter two basins have lower species richness 
than the Caspian Sea basin, and their habitat shows more instability and higher Pontocaspian 
extinction rates through time. The magnitude of environmental change has been comparably less 
than in the other basins, maintaining a habitat availability and quality high enough to continuously 
sustain Pontocaspian biota. In comparison, the Aral Sea suffered repeated desiccation (Boomer 
et al., 2000) and the Black Sea experienced repeated shifts to marine phases and widespread 
development of anoxia in deeper parts (Eckert et al., 2013; Piper, 2016; Yanko-Hombach et al., 2007). 
Pontocaspian species in the source area have been shielded from competition with marine invasive 
species until the 20th century and could reintroduce Pontocaspian species to sink areas whenever a 
connection existed between the basins. The Pontocaspian species in the Black Sea basin sink have 
repeatedly dealt with competition from marine species, which was likely the cause for them to 
become marginalized to lower salinity (mostly oligohaline) settings.

10.4 Implications

10.4.1 Understanding resilience
Most Pontocaspian species have adapted to live in a range of salinities, typically oligohaline to lower 
mesohaline conditions. Some Pontocaspian species have extended into fresh water habitats, where 
some became invasive (such as Dreissena species that extended into central-western European and 
North American fresh water habitats; McMahon, 1996; Orlova et al., 2005, 2004). Many Caspian 
species appear to be specifically vulnerable in their interaction with (introduced) marine species. 
During the Neoeuxinian phase of the Black Sea basin, a few marine species co-occurred with the 
Pontocaspian faunas, likely as a result of the low salinities (5-7 psu), which correspond to the lower 
tolerance levels of these marine taxa. The establishment of full-marine conditions in the Black Sea 
basin during interglacial transgressions often resulted in the marginalisation of the Black Sea basin 
Pontocaspian species. In summary, our data imply that the Pontocaspian fauna can successfully deal 
with large environmental variations over the Quaternary, but it is not resilient to invasive species.
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10.4.2 Is there a Pontocaspian biodiversity crisis?
This study shows that there are indications for a Pontocaspian mollusc diversity crisis. The shallow 
parts of the Caspian Sea have witnessed a turnover of Pontocaspian communities during the 
20th-21st century due to invasive species. An apparent strong decline in abundances of endemic 
species and the decline in species richness occur in groups such as hydrobiids and Dreissena which 
otherwise did not experience notable turnover events during the past 1 Myr. Two species, i.e. 
Dreissena caspia and D. elata, which were very abundant only 50-100 years ago, are likely to have 
become extinct since then (von Rintelen and Van Damme, 2011b). The here studied Razim-Sinoie 
lake complex in the Black Sea basin has witnessed a major decline in Pontocaspian habitat and 
Pontocaspian diversity over the past decades due to a freshening of the system. As a result of human 
interventions both species numbers and abundance declined drastically. Little is known about the 
situation for Pontocaspian biodiversity along the liman coast of Ukraine and in Taganrog Bay. As to 
the Aral Sea, all Pontocaspian species have vanished in the past 50 years.

The deeper part of the Caspian may still act as a refuge for some endemic Caspian species. Data 
published by Mirzoev and Alekperov (2017) suggest relatively large numbers of endemic species 
present between 200 and 1000 m water depth. However, it is unclear whether these data represent 
living specimens or (may include) dead shells. Only a few endemic species have been found alive 
during impact assessments in the south Caspian basin, casting doubt to the occurrence of so many 
species still living in the southern Caspian Sea. Further collection efforts are crucial in order to 
assess whether the deeper Caspian Sea still acts as a refuge and how many of the species occur there.

10.4.3 Mitigating the crisis
If the Caspian Sea can indeed be shown to function as the source of Pontocaspian species diversity, 
conservation efforts should focus their objectives towards habitats in this basin. It is vital to prevent 
Pontocaspian species from further decline and protect the Pontocaspian habitat from introduction 
of any invasive species. Though, the incomplete distribution data and unresolved taxonomic issues 
hamper a straightforward approach.

In the Black Sea basin, the restoration and maintenance of existing salinity gradients in 
Pontocaspian habitats could mitigate the crisis. Where gradients are compromised due to river 
damming and diversion and closure of coastal inlets this can be achieved by creating dynamic 
barriers that allow limited and manageable influx of seawater into threatened lagoons (van Banning 
et al., 2018). Such an approach would also enable mobile organisms such as fish to migrate, which 
in turn would benefit both the unique benthic fauna and fish populations. Finally, the identity and 
distribution of Pontocaspian species needs to be established in enough detail to permit detailed 
conservation strategies.

Factors that are typically seen as negative influences on natural systems, such as the projected 
global sea-level rise as well as increased coastal erosion (Panin and Jipa, 2002), might actually 
prove beneficial in the restoration of salinity gradients in Black Sea basin habitats. In the case of 
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the Razim-Sinoie lake complex, new outlets will be created naturally along the coastline and the 
presently freshened lakes might regain the salinity conditions necessary for Pontocaspian species to 
survive (van de Velde et al., 2019a).

The Aral Sea lost all Pontocaspian habitats and communities. The potential for restoration is low 
at present given the massive obliteration of the environment and the high salinity conditions.

10.5 Recommendations for future research and actions
(1) A sound taxonomic framework is needed to elucidate the identity of Pontocaspian species. This 

will require an integrated morphometric, ecological and molecular approach, to make informed 
decisions on species boundaries and test for the presence of cryptic species. The Pontocaspian 
mollusc species list presented in Chapter 3 acts as a working list of current species in the 
Pontocaspian area, but many of the gastropods and species of the Cardiidae family are still in 
need of further update.

(2) More distribution and ecological data of Pontocaspian species are necessary. Without 
systematic biodiversity assessments on currently living species, population trends cannot be 
assessed and conservation statuses of individual species cannot be established. Gathering 
abundance data of assemblages is vital to understand how resilient the species/communities are 
to changes in their environment. A review of the conservation statuses of the species reported 
by Wesselingh et al. (2019) is currently being executed, but the far majority of Pontocaspian 
species is considered as data deficient (F.P. Wesselingh, pers. comm.).

(3) More detailed biodiversity time series coupled with detailed environmental proxies are 
required to understand the response of Pontocaspian faunas to environmental and biological 
perturbations. This will require access to more locations (including offshore core material), a 
wider time frame, and the study of other systematic groups in addition to molluscs.

(4) Awareness of the Pontocaspian biodiversity crisis is very low, apart for some species such as 
the Caspian seal and the sturgeon species. Increasing awareness among the general public and 
key stakeholders (governmental organisations, natural reserves, NGOs) is imperative to develop 
successful conservation efforts to mitigate the Pontocaspian biodiversity crisis.

(5) Open platforms need to be developed where open-access data and views can be shared 
between participants from the various Pontocaspian countries in order to optimise 
collaboration. An international (open-access) database with literature and data would greatly 
improve research in the area.
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