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Summary 
 

Sandy Flanders is a low lying region in the Northwest of Belgium, between the Scheldt and the North 

Sea. For the past three decades, Sandy Flanders has been the subject of intense, systematic 

archaeological study. These investigations have yielded detailed maps of the distribution of 

prehistoric archaeological sites (see SERGANT et al., 2009; CROMBÉ et al., 2011). The earliest sites date 

back to the Middle Palaeolithic, but it is assumed that the first significant colonization of the area by 

prehistoric people only occurred in the Final-Palaeolithic, which for this geographical region 

corresponds to the period spanning the Pleistocene-Holocene transition. The spatial and temporal 

pattern of human occupation in Sandy Flanders shows a remarkable non-random distribution. One 

important centre of human occupation in the area appears to have been the Moervaart Depression. 

This depression was once a large, shallow lake, which arose during the Late Glacial as the result of 

the formation of a large coversand complex, called the cover-sand ridge Maldegem-Stekene or the 

“Great Ridge”. This structure was formed during the Pleniglacial and the cold stages of the Late 

Glacial and caused a blocking of natural surface water runoff of the area, which in turn lead to local 

erosion and the development of depressions along the southern edge of the sand ridge. 

Accumulation of surface- and groundwater in these depressions then gave rise to a chain of lakes, 

the largest of which was the Moervaart Palaeolake. These lakes appear to have persisted throughout 

the Late Glacial, eventually disappearing at the start of the Holocene. 

Over the course of prehistory, the distribution and densities of human occupation around the 

Moervaart depression change (see SERGANT et al., 2009; CROMBÉ et al., 2011). Whereas during the 

Palaeolithic and the early Mesolithic, habitation appears to have been concentrated on elevated 

grounds in the western and eastern parts of the depression, the centre of human occupation shifts to 

the north-western part of the depression during the later Mesolithic and the concentration of sites 

decreases. In the Neolithic, occupation was restricted to the western edge of the depression. Exactly 

what caused these changes is not well understood, but it is assumed that they were driven by 

cultural changes, environmental changes and changes in land-use. 

To obtain a better insight in the colonization and exploitation of the area by prehistoric man, a large-

scale, multidisciplinary research project (GOA, Geconcerteerde Onderzoeksactie) was set up in 2008, 

called Prehistoric settlement and land-use systems in Sandy Flanders (NW Belgium): a diachronic and 

geo-archaeological approach. The Research Unit Palaeontology of Ghent University is responsible for 

the palaeoecolgical segment of the project, which aims to reconstruct past environmental conditions. 

It is in this context that he present study of the fossil Ostracoda of the Moervaart depression was 

conducted. 

Ostracoda are a class of crustaceans, characterized by a bivalve carapace which encases their entire 

body. Their small size and calcified valves mean that they fossilize easily and because of their 

abundance in most aquatic habitats and their sensitivity to a range of environmental variables, they 

make excellent subjects for use as palaeoenvironmental proxies. 

The aim of this thesis is to describe the fossil ostracod fauna of the Moervaart palaeolake and an 

attempt is made to explain the changes in species composition of the ostracod communities 
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throughout the palaeolake’s existence in terms of possible environmental changes, based on species 

autoecology. For this purpose, two sedimentary sequences were sampled and investigated. These 

sequences were taken from the wall of a 70 meter long trench, dug in what was once the deepest 

part of the Moervaart lake. The investigated sedimentary sequences both cover the entire depth of 

the trench and thus represent a timeframe from the late Pleniglacial until the start of the Holocene. 

Ostracods were picked out from the sediment, identified to species and counted and the counts 

were plotted as percentage diagrams. 

The earliest lake deposits, which are interpreted as being of Pleniglacial origin, show the 

establishment of a relatively diverse ostracod fauna towards the end of the Pleniglacial and start of 

the Late Glacial, consisting mainly of pioneer species (Candona candida, Cyclocypris ovum, Cypria 

ophthalmica) with a broad tolerance to many environmental parameters. The presence of 

Potamocypris villosa indicates that the lake was a pure freshwater lake. Conditions were likely cold or 

cool and the water oligotrophic. 

During the Bølling, Cypridopsis vidua becomes the dominant species. The great abundance of this 

species indicate that the lake developed into a large, well oxygenated body of water with rich 

vegetation and open water. 

No clear sign of an Older Dryas cooling event was found. At the start of the Allerød, however, a 

strong decline in C. vidua abundance is observed and the ostracod community becomes dominated 

by benthic forms, suited to life in and on vegetationless mud and with a preference for cold waters. It 

is not entirely clear what might have caused this shift, but a regression of the vegetation is one 

possibility. Some indicator species for colder, arid conditions were present in the Ostracod record 

(Fabaeformiscandona levanderi, F. protzi), but they were only found in small numbers.  

Finally, in a section of Holocene soil overlying the lake deposits, a small of valves identified as 

Heterocypris incongruens were found, a typical species of temporary waters signalling the lake’s 

disappearance. 

Aside from the qualitative assessment of the ostracod fauna, the MOTR method, a mutual climate 

range method which employs freshwater ostracods (HORNE, 2007), is employed to reconstruct 

temperature ranges for mean January and July temperatures. The MOTR method makes use of the 

known temperature ranges of ostracod species to determine a mutual range for all the species in a 

given assemblage. 

The MOTR analysis yielded temperature ranges for summer and winter temperatures, but, due to the 

wide ecological tolerances and the low number of species at many points in the lake sedimentary 

sequence, the resulting temperature ranges are rather wide, which makes it hard to notice any real 

change in temperature. Comparison with present-day mean January temperatures showed that 

winter temperatures were likely colder than present during the Pleniglacial and Allerød. 
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Samenvatting 
 

Zandig Vlaanderen is een laaggelegen gebied in het noordwesten van België, gelegen tussen de 

Schelde en de Noordzee. Gedurende de afgelopen 30 jaar is dit gebied het onderwerp geweest van 

intensief, systematisch archaeologisch onderzoek. Dit heeft geleid tot de ontdekking van een groot 

aantal sites en het opstellen van gedetailleerde kaarten van de distributie van prehistorische 

archaeologische sites in de regio (zie o.a. SERGANT et al., 2009; CROMBÉ et al., 2011). De oudste sites 

zijn Midden-Palaeolitisch van oorsprong, maar er wordt aangenomen dat de kolonisatie van hat 

gebied door prehistorische mensen pas in het Finaal Paleolithicum is gebeurd. Voor onze 

geographische regio komt dit overeen met de periode rond de overgang van Pleistoceen naar 

Holoceen. De menselijke bewoning van het gebied blijkt opvallend onwillekeurig verdeeld. Eén 

belangrijk centrum voor menselijke bewoning was de Moervaartdepressie. 

Deze depressie was vroeger een groot, ondiep paleomeer, dat ontstond gedurende het vroege Laat 

Glaciaal als gevolg van de vorming van een groot dekzandcomplex dat de dekzandrug Maldegem-

Stekene of de “Grote Zandrug” wordt genoemd. Deze structuur werd gevormd gedurende het 

Pleniglaciaal en de koude stadia van het Laat Glaciaal en hield de afvoer van oppervlakte water 

tegen. Dit leidde lokaal tot erosie en zo ontstonden depressies langs de zuidelijke rand van de 

dekzand rug. Accumulatie van grond- en oppervlaktewater in deze depressies leidden tot het 

ontstaan van een keten van ondiepe meren, waarvan de grootste het Moervaart paleomeer was. 

Deze meren zijn blijven bestaan doorheen het Laat-Glaciaal, om uiteindelijk te verdwijnen aan het 

begin van het Holoceen. 

De distributie en dichtheden van menselijke bewoning in en rond de Moervaartdepressie veranderde 

doorheen de prehistorie (zie SERGANT et al., 2009; CROMBÉ et al., 2011). In het Paleolithicum en 

vroege Mesolithicum lijkt de bewoning zich te hebben geconcentreerd rond de hoger gelegen 

gronden in het oosten en westen van de depressie. Later in het Mesolithicum is het centrum van 

menselijke bewoning verschoven naar het noordwesten van de depressie en in het Neolithicum was 

bewoning beperkt tot de westelijke rand van de depressie. Wat precies de oorzaken zijn van deze 

veranderingen is niet goed begrepen, maar er wordt verondersteld dat ze werden gedreven door een 

combinatie van veranderingen in cultuur, omgeving en landgebruik. 

Om een beter inzicht te verkrijgen in de kolonisatie en exploitatie van het gebied door de 

prehistorische mens werd in 2008 een grootschalig, multi-disciplinair onderzoeksproject (GOA, 

Geconcerteerde Onderzoeksactie) opgezet, getiteld Prehistoric settlement and land-use systems in 

Sandy Flanders (NW Belgium): a diachronic and geo-archaeological approach. De Onderzoekseenheid 

Paleontologie van de Universiteit Gent staat in voor het paleoecologisch luik van het project, dat er 

naar streeft de ecologische omstandigheden gedurende het bestaan van het meer te reconstrueren. 

Het is in deze context dat deze studie van de fossiele Ostracoda van de Moervaart depressie werd 

uitgevoerd. 

Ostracoda zijn een klasse van Crustacea, gekenmerkt door een tweekleppige carapax die het 

volledige lichaam omsluit. Door hun kleine afmetingen en gecalcifieerde carapax fossiliseren ze goed 

en omwille van hun voorkomen en abundantie in de meeste aquatische habitats en hun gevoeligheid 

voor een brede reeks omgevingfactoren lenen ze zich uitstekend voor gebruik als paleoecologische 

proxies. 
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Het doel van deze thesis is de fossiele ostracodenfauna van het Moervaart paleomeer te beschrijven 

en er wordt gepoogd de veranderingen in soortensamenstelling van de Ostracoda fauna doorheen de 

geschiedenis van het meer te verklaren in termen van mogelijke ecologische veranderingen, 

uitgaande van de autoecologie van de aangetroffen soorten. Hiervoor werden twee 

sedimentsequenties bemonsterd en onderzocht. Deze stalen werden genomen in de wand van een 

sleuf van 70 meter lang, die werd gegraven in wat ooit het diepste deel van het paleomeer was. De 

bestudeerde sedimentsequenties beslaan beiden de gehele diepte van de sleuf en 

vertegenwoordigen dus een periode die start aan het einde van het Pleniglaciaal en eindigt bij de 

start van het Holoceen. Ostracoda werden uit het sediment gepikt, geïdentificeerd tot op soort en 

geteld. De tellingen werden uitgezet in percentagediagrammen. 

De vroegste afzettingen, die worden geïnterpreteerd als Pleniglaciale sedimenten, tonen de vestiging 

van een relatief diverse Ostracoda fauna tegen het einde van het Pleniglaciaal en de start van het 

Laatglaciaal. Deze fauna bestaat voornamelijk uit pioniersoorten (Candona candida, Cyclocypris 

ovum, Cypria ophthalmica) met een brede tolerantie voor veel omgevingsparameters. De 

aaanwezigheid van Potamocypris villosa wijst erop dat het water een lage saliniteit had. 

Omstandigheden waren waarschijnlijk koud en het water oligotroof. 

Gedurende het Bølling wordt Cypridopsis vidua, de dominante soort. De abundantie van deze soort 

wijst erop dat het meer evolueerde naar een groot, zuurstofrijk water met een rijke vegetatie en 

open water. 

Er werd geen duidelijke indicatie voor een afkoeling in het Oude Dryas gevonden. Bij de start van het 

Allerød vond er een sterke afname in de abundantie van C. vidua plaats, en de 

ostracodengemeenschap wordt gedomineerd door benthische soorten, aangepast aan leven in 

vegetatieloze modder en met een voorkeur voor lage temperaturen. Het is niet geheel duidelijk wat 

deze verschuiving heeft veroorzaakt, maar een regressie van de vegetatie lijkt een mogelijkheid. 

Enkele indicatorsoorten voor koudere, ariede milieus werden teruggevonden (Fabaeformiscandona 

levanderi, F. protzi), maar deze waren slechts in lage aantallen aanwezig. 

Tenslotte werden, in een laag Holoceen sediment bovenaan de sequentie, een klein aantal valves 

teruggevonden die toebehoren aan Heterocypris incongruens, een typsiche soort van tijdelijke 

plassen. Het meer verdween aan de start van het Holoceen. 

Naast de kwalitatieve interpretatie van de Ostracodafauna werd de MOTR methode, een Mutual 

Climatic Range methode die gebruikt maakt van zoetwater Ostracoda (HORNE, 2007), toegepast om 

mogelijke januari- en juli-temperaturen te reconstrueren. De MOTR methode maakt gebruik van de 

gekende temperatuurtoleranties van ostracodensoorten om een gemeenschappelijke range te 

bepalen waarin alle soorten in een assemblage kunnen geleefd hebben. 

De MOTR analyse leverde temperatuurranges op voor zomer- en winter-temperaturen, maar, door 

de brede toleranties van de aangetroffen soorten en de lage diversiteit in grote delen van de 

sequenties, waren deze ranges zeer breed, waardoor geen duidelijke trends met zekerheid kunnen 

worden vastgesteld. Vergelijking met de huidige gemiddelde januaritemperatuur toonde wel aan dat 

wintertemperaturen waarschijnlijk kouder waren dan vandaag in het Pleniglaciaal en het Allerød. 
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1. Introduction 
 

Sandy Flanders has a rich tradition of archaeological inventorization, resulting in detailed maps of the 

distribution of prehistoric and proto-historic sites. Nevertheless, the colonisation of Flanders by 

prehistoric humans in the Late Glacial is still poorly understood. Of particular interest is the apparent 

non-random, discontinuous spatial and temporal distribution of human settlements, with some areas 

being inhabited and exploited more or less continuously from the Late Glacial onwards, while others 

remain empty or are used more discontinuously (e.g. CROMBÉ & VERBRUGGEN, 2002; DE REU et al., 

2010). The Moervaart Depression, a Late Glacial lake in Sandy Flanders, appears to have been an 

attractive settlement location in Prehistory and many Stone Age sites surround the area (CROMBÉ & 

VERBRUGGEN, 2002). Human occupation seems to have moved later on, however, leaving the area 

empty throughout proto-history, and even until the Roman period (DE REU et al., 2010). It seems 

likely that social, cultural and environmental factors influenced the changing selective occupation of 

the area. 

In 2008 the research project “Prehistoric settlement and land-use systems in Sandy Flanders (NW 

Belgium): a diachronic and geo-archaeological approach” was initiated at Ghent University. This 

multi-disciplinary research effort, funded by the Special Research Fund (BOF) of the UGent, aims to 

further our understanding of prehistoric human occupation of the Sandy Flanders area in relation to 

environmental changes. The project entails archaeological research, GIS-based geographical study, 

hydrological and pedogenesis modeling, geophysical survey and stratigraphical, sedimentological and 

palaeoecological research. 

This thesis is part of the palaeoenvironmental segment of the GOA, for which the Research Unit 

Palaeontology of Ghent University is responsible. In previous investigations of sediments from the 

Moervaart palaeolake, the presence of well preserved fossil ostracod valves was noted. Ostracoda 

assemblages have the potential to be of great use to the reconstruction of palaeo-environmental 

variables and have proven their usefulness before in the context of archaeological research (e.g. 

(HOLMES et al., 2010; HORNE, 2007; KEATINGS et al., 2010). They can be used to infer such 

environmental variables as temperature (both air and water temperature), pH, salinity, ion 

composition and water level. 

In a first part of this thesis, an overview is given of the research area, its geography, geology and 

geoarchaeological context, as well as an overview of the GOA project itself, followed by a brief 

discussion of the general biology and ecology of Ostracoda, focusing especially on matters 

concerning their identification as well as their usage in (palaeo-)ecological research. In a following 

chapter the overall goals of this thesis are laid out. In the fifth chapter, the methods used will be 

thoroughly discussed. In chapter 6, the results of the counts are layed out, and an overview of the 

retrieved species and their ecology is given. Finally, a critical discussion of the results is given and 

conclusions are summed up in the final chapter. 
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2. Geo-archaeological context 

2.1. The study area 
 

 

Sandy Flanders, the area of focus for the GOA project, is a low lying area ranging in elevation from 3 

to 15 meters above sea level. It is situated in the north-west of Belgium, between the North Sea 

coast, the lower course of the river Scheldt and the city of Antwerp and covers approximately 3000 

km² (See Fig. 1). Most of this area is covered in sand deposits of aeolian origin, deposited here at the 

end of the last ice age (HEYSE, 1979). While these sands are covered by peat and/or marine silt and 

clays in the Coastal Polders and Scheldt Polders (the westernmost and northernmost parts of Sandy 

Flanders), they are exposed at or near the present day surface throughout most of Sandy Flanders 

(HEYSE, 1979). 

Geomorphologically, Sandy Flanders is characterized by the presence of numerous coversand ridges, 

which were formed by sand blown in from the southern North Sea during the Late Glacial (HEYSE, 

1979). Most of these ridges are small, being only 1 or 2 meters high and extending from ten to 

several hundreds of meters in length. A notable exception, however, is the coversand complex 

known as the Maldegem-Stekene cover-sand ridge (HEYSE, 1979) or the ‘Great Ridge’ for short 

(CROMBÉ & VERBRUGGEN, 2002). This structure reaches a mean height of 5 meters and is 80 kilometres 

long, running from east to west across the entire region of Sandy Flanders, and has a width between 

1.5 and 3 km. 

Central in Sandy Flanders is the area known as the Flemish (Palaeo-)Valley. This is an area 

characterized by filled in, deep Thalwege, which were formed by the braided riversystem of the 

Middle Pleistocene and filled in during the later part of the Pleistocene (DE MOOR & VAN DE VELDE, 

1995). The Flemish Valley roughly covers the area to the North of Ghent and to the East of 

Dendermonde. It is within the Flemish Valley, along the southern edge of the Maldegem-Stekene 

coversand ridge, that we find the depression of the Moervaart, a flat, low-lying area which 

represents the remains of a large, shallow Late Glacial lake. The depression is stretched out over the 

Figure 1: A. Location of Sandy Flanders in Belgium (red rectangle). B. Map of Sandy Flanders, showing the sandridge Maldegem-Stekene 
and the Moervaartdepression palaeolake, indicated by the red rectangle. (Source: edited from CROMBÉ et al., 2011) 
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territories of the municipalities Wachtebeke, Moerbeke-Waas and Eksaarde (Lokeren), in the 

province of East Flanders. 

 

 

2.2. Timeframe 
 

The present study deals with sediments deposited at the time of the Pleistocene-Holocene transition. 

Together, Pleistocene and Holocene make up the Quaternary, the most recent period of the 

Cenozoïc. The Pleistocene epoch, the lower part of the Quaternary, lasted from about 2,588,000 

years ago until 11,700 years calBP and is characterized by the alternation of cold glacial episodes, 

with an expansion of continental ice sheets, and warmer periods in which continental ice retreated, 

the interglacials. The start of the Holocene, approximately 11,700 years BP, coincides with the start 

of the most recent interglacial episode, which continues to this day.  

The Upper Pleistocene consists of the last Pleistocene interglacial, the Eemian, and the most recent 

glaciations, the Weichselian. After the cold peak, 23,000 to 18,000 years ago, the climate started to 

warm. This period at the end of the Pleistocene is sometimes referred to as the Late Glacial. 

Classically, in stratigraphic records in northwestern Europe, the Late Glacial is divided into the 

following chronozones, the boundaries of which are defined in radiocarbon years BP: Oldest Dryas 

(15,000-14,650 years calBP, ), Bølling (14,650-14,000 years calBP), Older Dryas (14,000-13,900 years 

calBP), Allerød (13,900-12,850 years calBP) and Younger Dryas (12,850-11,650 years calBP) 

(MANGERUD et al., 1974; WALKER, 1995). Each of these periods correspond to radiocarbon-dated 

biozones, defined by pollen analysis. The Oldest, Older and Younger Dryas (sometimes referred to as 

Dryas I, II, III, and IV) were cold stadials, defined by the occurrence of pollen from Dryas octopetala, a 

small arctic-alpine flowering plant, in the pollen record. In recent literature, the Oldest Dryas is no 

longer considered a separate stadial, but rather an extension of the preceding Pleniglacial. The cold 

Dryas stages are interrupted by the warmer stages of the Bølling and Allerød. Evidence for the Older 

Dryas as a cool period is not always found in the stratigraphic column. Especially in southern Europe, 

its occurrence in Late Glacial sediment sequences is quite rare (WALKER, 1995). In regions where the 

Older Dryas isn’t found, the Bølling and Allerød are taken together and treated as a single 

Bølling/Allerød interstadial. 

Because of the geoarchaeological context of this work, the archaeological terms Palaeolithic, 

Mesolithic end Neolithic will on occasion be used alongside the geological nomenclature for time 

periods. These denote stages in the development of technological development and as such, their 

dates vary widely depending on geographical location. For this reason, a table juxtaposing 

archaeological and geological timeperiods for our geographical region is provided in Appendix 1. 

The sediments of the Moervaart Lake area have been dated using both pollen analysis and 14C 

dating. Early analyses of the pollen record by VERBRUGGEN (1971, 1979) indicated that the Moervaart 

lake deposits cover a time period ranging from the early Oldest Dryas to the second part of the 

Allerød, thus spanning most of the Late Glacial. Radiocarbon dating has provided somewhat mixed 

results. Radiocarbon dating based on two peat samples by VERBRUGGEN (1971) indicates a start of the 
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sediment sequence around 12,000 uncalibrated carbon years BP. However, when another series of 

datings was performed on 27 levels in the sequence, no time evolution was found. This was probably 

the result of a known problem with the INTCAL98 calibration curve, which is used to convert 

uncorrected radiocarbon ages to calibrated ages (STUIVER et al., 1998). This problem is the result of 

the presence of plateaus in the calibration curve around the time of the Younger Dryas and the Start 

of the Holocene. More recent carbon dating, performed on plant material from the trench dug for 

the GOA project as well as a nearby sequence recovered in 2001 (VAN STRYDONK, 2005), indicate that 

the lake sequence spans a period from about 13,255 years calBP to 14,890 cal BP, which corresponds 

to almost the entire Late Glacial, excluding the Younger Dryas (CROMBÉ et al., in press). 

 

 

2.3. Geomorphology and landscape evolution of Sandy Flanders 

 

2.3.1. Sandy Flanders and the Scheldt Basin 

The Flemish Valley, the core area of Sandy Flanders, is a quarternary feature, formed as a result of 

aeolian and fluvial processes during the alternating glacial and interglacial episodes. At the start of 

cold periods, when snowfall was abundant, the added melt water caused rivers to flow at a greater 

rate, which caused erosion and hence the incision of river valleys in the area. During the cold but dry 

glacial episodes, however, rivers had a much decreased flow rate as a result of water being locked up 

in glaciers and snow. The cold, dry climate also allowed for the deposition of aeolian sediments, 

filling in the river valleys and further decreasing river flow (DE MOOR & HEYSE, 1994). During the 

warmer interglacials, sea levels rose and the sea intruded into river valleys, giving rise to estuaries in 

which clay and peat were deposited. These infilling and erosion phases happened repeatedly 

throughout the Quaternary, giving rise to a sandy plain that largely resembled the landscape 

observed today (DE MOOR & HEYSE, 1994).  

The river system of Sandy Flanders today is dominated by the basin of the river Scheldt, which runs 

along the southern and eastern border of the Flemish Valley. However, the Scheldt as a large, 

meandering river only arose fairly recently, at the start of the Late Glacial (KIDEN, 1991). Up until 

then, the Flemish Valley had had a river system consisting of a network of interconnected channels 

(DE MOOR & HEYSE, 1994). This early river system drained towards the west and northwest, in contrast 

to the modern day drainage of the Scheldt basin, which is directed towards the north-east. This 

change in the drainage direction was caused by the formation of the coversand ridge Maldegem-

Stekene during the dry phases of the Pleni- and Late-Glacial. The coversand ridge acted as a barrier 

to surface water runoff, consequently limiting the northward drainage of the Flemish Valley and 

forcing the Scheldt eastwards, into its modern course (DE MOOR & HEYSE, 1994). 
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2.3.1. Formation and evolution of the Moervaart palaeolake 

The formation history of the Moervaart Depression was described by, among others, HEYNDERICKX 

(1982) and CROMBÉ & VERBRUGGEN (2002). More recent work - specifically the auger surveys done 

within the framework of the GOA project - has, however, revealed more geomorphological features, 

indicating a more complex genesis for the Late Glacial lake than the scenario originally suggested by 

HEYNDERICKX (1982) (BATS et al., 2009). 

The formation of the Moervaart Depression is tightly linked to the presence of the great Maldegem-

Stekene sand ridge. As mentioned before, this coversand ridge formed gradually during the cold, dry 

stages of the Late Glacial. The same aeolian processes gave rise to hollows at the bottom of the 

ridge’s steep southern edge. Many of these hollows developed into large, moist depressions which, 

during the warmer periods of the Late Glacial, filled with shallow to deep freshwater as evidenced by 

the presence of humiferous to peaty sub-aquatic sediments dating back to the Bølling and Allerød 

interstadials (HEYSE, 1979; VERBRUGGEN et al., 1996). While it could easily be imagined that these 

depressions developed into lakes such as the Moervaart palaeolake, this is in fact not the case as 

these depressions were generally short-lived and quickly disappeared as a result of infilling by 

drifting sands. The Moervaart Depression belongs to another type of depression which also formed 

at the Great Ridge’s southern edge. These were depressions formed by local erosion, induced by the 

blocking of surface water runoff by the formation of the sand ridge (DE MOOR & HEYSE, 1978; 

VERBRUGGEN et al., 1996). Surface and ground water accumulated in such depressions, giving rise to 

numerous shallow lakes, the largest of which was the Moervaart Lake, which at its peak stretched 

out over a length of 15 km along the southern edge of the Great Ridge and reached a maximum 

width of 2.5 km (BATS et al., 2010). The development of these depressions started very early in the 

Late Glacial, during the Bølling, and, unlike the windblown depressions, most of them persisted 

throughout the Late Glacial (CROMBÉ et al., 2011). By the time of the Younger Dryas, most of the lakes 

of Sandy Flanders disappeared as a result of a drastically dropping ground water table and the 

depressions evolved into low lying marshland areas from the Boreal and early Atlanticum onwards 

(VERBRUGGEN, 1971). 

 

 

2.4. Archaeology 
 

Over the past 25 to 30 years, Sandy Flanders has been subject to intensive, systematic archaeological 

investigation by both researchers of the University of Ghent and, perhaps even more importantly, by 

amateur archaeologists (CROMBÉ & VERBRUGGEN, 2002; VAN VLAENDEREN et al., 2007; SERGANT et al., 

2009). These investigations have consisted mainly of field walking and have yielded detailed maps of 

archaeological sites spanning the past 12.000 years (CROMBÉ et al., 2011). 

While some Middle Palaeolithic sites are known (CROMBÉ & VAN DER HAEGEN, 1994), the colonization of 

Sandy Flanders only really took shape in the Late Glacial, at the Pleistocene-Holocene transition. 

Numerous sites of Final Palaeolithic habitation are known, most of which are ascribed to the 

Federmesser culture (CROMBÉ & VERBRUGGEN, 2002). The earliest signs of human occupation in the 

Moervaart Depression itself include such sites dating back to the Final Palaeolithic (about 12,800 to 

10,000 calBP). Within the Depression of the Moervaart, Palaeolithic habitation appears to have been 



 

10 
 

concentrated on the eastern and western edges of the depression (Fig. 2), on somewhat elevated 

ground. The eastern sites are located at the edge of the great Maldegem-Stekene coversand ridge, 

while the western sites are situated on smaller coversand ridges in the Moervaart area (VAN 

VLAENDEREN et al., 2006). 

 

Figure 2: Spatial distribution of Final-Palaeolithic archaeological sites (Source: BATS et al., 2009). 

During the Mesolithic (ca. 10000 6500 calBP), the distribution and extent of human occupation in the 

Moervaart area undergo a major change (Fig. 3). Early Mesolithic sites are numerous and they 

dominate the archaeological record of the area (SERGANT et al., 2009). A large concentration of sites 

remains present around the depression itself, as it had been in the Palaeolithic, and many old Final 

Palaeolithic sites appear to have been re-occupied. However, human occupation appears to have 

extended further to the area along the river Durme (CROMBÉ & VERBRUGGEN, 2002; SERGANT et al., 

2009). From the Middle Mesolithic until the Final Mesolithic, a marked decline in the number of 

archaeological sites is noted. Since archaeological sites of Final Mesolithic origin are only found in 

alluvial context in the Moervaart area, and as such are difficult to detect by field walking, the limited 

number of sites from the Final Palaeolithic may be explained at least in part by taphonomic factors. 

This does not hold true, however, for the Middle and Late Mesolithic, indicating a very real decline 

(SERGANT et al., 2009). Generally, such a decline in site numbers is interpreted as indicative of a 

reduction in population density (CROMBÉ et al., 2008). However, it should be noted that other factors 

may influence the number of sites, for example changes in mobility or land-use (SERGANT et al., 2009). 

The distribution pattern of sites also changes toward the end of the Mesolithic, with the centre of 

human occupation shifting to the north-western part of the Moervaart Depression and the Langlede 

river. 
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Figure 3: Geographical distribution of Mesolithic archaeological sites (Source: BATS et al., 2009). 

During the Neolithic (ca. 6500 to ca. 2800 calBP), occupation was restricted to the western edge of 

the depression (Fig. 4). Once again we find that older sites (Palaeo- and Mesolithic sites) are re-

occupied. The number of newly occupied sites is rather limited (VAN VLAENDEREN et al., 2006). The 

north and north-eastern part of the Moervaart depression were apparently no longer attractive for 

human settlement (VAN VLAENDEREN et al., 2006; JONGEPIER, 2009). 

 

Figure 4: Geographical distribution of Neolithic archaeological sites (Source: BATS et al., 2009). 

  



 

12 
 

2.5. The GOA project in the Depression of the Moervaart 
 

Within the framework of the GOA project “Prehistoric settlement and land-use in Sandy Flanders 

(NW Belgium): a diachronic and geoarchaeological approach”, the Depression of the Moervaart has 

been the subject of intensive fieldwork campaigns and research efforts for the past 3 to 4 years. In 

this section, I will attempt to give a brief overview of some of the most important aspects of the 

fieldwork in the depression, as well as some of the results obtained so far. 

 

2.5.1. Digital Elevation Model 

As one of the goals of the GOA project is to bring together data from different sources, such as 

archaeology, geomorphology, geophysical surveys, soil sciences, historical maps and (palaeo-

)ecology, and integrate them in a GIS environment, a digital elevation model (DEM) of Sandy Flanders 

was created to serve as a ‘clean’ topographic surface for scientists from various disciplines to use 

(WERBROUCK et al., 2009; WERBROUCK et al., 2011). This digital elevation model was constructed based 

on LiDAR data, distributed by the Flemish GIS agency (AGIV, Agentschap voor Geografische 

Informatie Vlaanderen). LiDAR (Light Detection and Ranging) is a remote sensing technique, which 

uses laser pulses to measure terrain elevation. Filtering the original LiDAR data to remove 

topographical artefacts and man-made structures, a Digital Elevation Model was created. As this 

DEM was intended for use at different spatial scales, two models were derived from the data: a TIN 

model, for use in large-scale applications, and a grid model for large- and small-scale applications 

(WERBROUCK et al., 2011). 

For an in depth discussion on the methodology behind the construction of the model and its use in 

the Depression of the Moervaart, we refer to BATS et al. (2009), WERBROUCK et al. (2009), WERBROUCK 

et al. (2011) and ZWERTVAEGHER et al. (2010). 

 

 

2.5.2. Geophysical survey and coring 

Part of the research area was subjected to a near-surface geophysics survey. During the 2009 

fielwork campaign, the western part of the Moervaart palaeolake was subjected to a geophysical 

survey, using electromagnetic induction (EMI) based techniques in combination with manual coring. 

In this kind of survey, an EMI sensor is pulled along parallel tracts using a small all-terrain vehicle to 

map the soil apparent electrical conductivity and magnetic susceptibility of the soil (BATS et al., 2009). 

The soil apparent electrical conductivity can be used as a measure or parameters like clay and water 

content and the magnetic susceptibility is related to the organic matter content and the presence of 

ferriferous or heated objects. 

The aim of the EMI survey was to find and help reconstruct hydrological features from the Late 

Glacial and Early Holocene landscape, as well as to locate areas potentially rich in environmental 

information, such as peat deposits. Furthermore, the EMI survey also provides a way to assess the 

utility of the DEM as a palaeotopological guide, for example by finding traces of palaeochannels (BATS 

et al., 2009; 2011; DE SMEDT et al., 2011). 
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The geophysical surveys were executed in combination with manual as well as mechanical coring. 

During the 2009 field work, five north-south facing transects were made with manual corings across 

the central part of the palaeolake. These corings were taken with 25 m intervals using a Dutch auger 

or a gouge auger, depending on the nature of the sediment. The location of the transects was 

decided based on the DEM of the area as well as geomorphological maps and older research (e.g. 

HEYNDERICKX, 1982). Apart from the five large scale transects, a number of smaller manual coring 

transects were made, in situations where additional, more detailed information was needed (BATS et 

al., 2009). 

Aside from manual coring, 15 cores were obtained using a mechanical hollow auger. These were 

taken at four different locations, both in the depressions itself and on the neighbouring coversand 

ridge. These samples were used for palaeoecological and sedimentological study, as well as dating of 

the sediments. All cores were described in detail, measured with GPS and their location imported 

into a GIS (BATS et al., 2009). 

The combined techniques revealed a complex history and genesis of the Late Glacial lake. In 

particular, the systematic auger survey revealed the stratigraphy of the lake marl deposits to be 

much more complex than previously suspected. Meanwhile the geophysics survey, in combination 

with the auger survey and the DEM, lead to the recognition of several gullies and palaeochannels 

within the lake marl deposits, probably formed as part of the braided river system which existed in 

the area in a later stage of the Late Glacial. Furthermore, a large palaeochannel, at least 6 m deep 

and 30 m wide, was located. This meandering river cuts deep into the lake marl deposits creating 

point bar elevations (BATS et al., 2009; 2010).  

As in the western part of the Moervaart palaeolake, a combination of EMI survey and coring was 

executed in a palaeomeander of the river Durme, at Daknam (Lokeren) (BATS et al. 2010; 2011). To be 

specific, the northern part of the research area at Daknam was subjected to EMI survey and a 370 m 

long transect for manual coring was made in the north-western part ofthe alluvial zone. The 

geophysical survey results were checked with manual corings and, at one location, high quality 

Begemann samples were taken for further analysis (BATS et al., 2011). The most important finding at 

Daknam is the discovery of a palaeochannel not indicated by the DEM.  
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Figure 5: Map showing the activities of the 2009 fieldwork campaign, including the location of the trench, on the digital 
elevation model. (source: BATS et al., 2009) 

 

 

2.5.2. The trench 

In the centre of the Moervaart Depression, in what would have been the deepest part of the 

palaeolake, a 70 meter long, north-south oriented trench was dug to enable detailed study of the 

lake’s infilling and sedimentation (Fig. 5). The complete east profile was photographed and drawn 

and the profile was sampled extensively for palaeoecological, sedimentological and dating purposes. 

The trench profile revealed a highly complex stratigraphy. The lake sequence itself varied from 2 

meters deep in the deepest part, to 1,2 m deep at the southern end of the trench. An (preliminary) 

overview of the lithology of the palaeolake sequence is given in BATS et al. (2009). At the bottom of 

the trench, fine, calcareous sands were found, probably corresponding to pleniglacial sediments. 

These sediments are covered by a layer of stratified, peaty material. Above the peat there is a layer 

of finely laminated lake marl in which layers relatively rich in organic material alternate with more 

sandy layers. This lake marl is overlain with a strongly stratified peaty layer, dubbed the ‘middle 

peat’. This is followed yet again by a thick layer of lake marl showing varying degrees of lamination: 

the lower part is laminated with broad bands, while the  upper part is only vaguely laminated. Finally 

an upper layer of peat tops the lake sequence. This layer is present only locally, having been 

degraded in most places by ploughing and, possibly, peat extraction. 
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3. Ostracoda 

3.1. What are Ostracoda? 
 

Ostracoda, known in English under the common names “seed shrimp” or “mussel shrimp” (not to be 

confused with the superficially similar clam shrimp or ‘Conchostraca’), are a large class of mostly 

microscopic crustaceans. Their common names describe the appearance of their carapace, which has 

evolved into a bivalve ‘shell’ enveloping the entire ostracod’s body, making them look like small 

seeds or bivalve molluscs. Most species reach a size of about 1 mm, but extremes range from a 

miniscule 0.25 mm in Microcythere minuta to about 30 mm in Gigantocypris (RUPPERT et al., 2004). 

Ostracods are found in virtually every kind of aquatic habitat, ranging from the deep sea to small, 

ephemeral pools or ground water, and even in some (semi-)terrestrial environments. While some 

species are planktonic and many species are capable of swimming, most ostracods live on or near the 

bottom or are associated with aquatic vegetation. 

Ostracods are an ancient class and are often considered one of the most primitive groups of living 

crustaceans. Their extensive fossil record and great diversity are testimony to their success. 

Ostracoda may well be the most diverse group within Crustacea (MEISCH, 2000). Somewhere between 

60 and 65 thousand species are known (KARANOVIC, 2012; MEISCH, 2000; WILLIAMS et al., 2008), most 

of which (over 50 thousand species), however, are fossil species (KARANOVIC, 2012). Currently, about 

8000 extant species of Ostracoda have been described (MEISCH, 2000),of which about 2000 are non-

marine species (MARTENS et al., 2008). 

Because of their great species diversity, their ubiquitous distribution in aquatic habitats and their 

extensive fossil record, ostracods are of great scientific utility in a variety of disciplines, including 

ecology, developmental biology, genetics, morphology and palaeontology (MARTENS & HORNE, 2000). 

For example, they are considered interesting model organisms for the evolution of reproductive 

modes (MARTENS, 1998), especially since sexual, parthenogenetic and mixed reproduction all occur in 

Ostracoda. At present, most research involving ostracods is related to ecology, which includes both 

present-day ecology and palaeoecology (MATZKE-KARASZ et al., 2007). 

Despite their usefulness and relatively easy availabillity, ostracods are not currently as extensively 

researched as some other meiobenthic crustacean taxa. The reasons for this may be that 

identification of ostracods to species often proves difficult because of a lack of accessible literature 

and the skills required. There are indeed very few keys and books for the identification of ostracods 

available and, while there are a small number of widely used works in existence (e.g. MEISCH, 2000), 

the identification of Ostracoda to species often requires a full set of taxonomic descriptions, many of 

which are old publications that are hard to track down or were never published in English. Besides 

the problem of a lack of literature, ostracods are often considered difficult because identification, 

specifically that of recent specimens, requires dissection of the animals. This is a time consuming 

process which demands some skill (MARTENS et al., 2008). 
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3.2. Classification 
 

While most authors consider Ostracoda to be a separate class within the subphylum Crustacea 

(Horne et al., 2005; HOLMES & CHIVAS, 2002; MEISCH, 2007), there are those who consider the group to 

be a subclass within the class Maxillopoda (BRUSCA & BRUSCA, 2003). In the following, the 

interpretation of Ostracoda as a separate class is accepted. Following HORNE et al. (2002) and HORNE 

(2005), the Class Ostracoda is subdivided into two subclasses, the Myodocopa and the Podocopa. 

The Myodocopa, comprising the orders Myodocopida and Halocyprida, consists entirely of marine 

representatives. The Podocopa, on the other hand, has both marine and fresh water representatives 

and consists of the orders Platycopida, Podocopida and Palaeocopida. The Palaeocopida are almost 

exclusively marine, with the exception of some brackish water species. The Platycopida are also 

entirely marine and are known almost exclusively from fossil species (KARANOVIC, 2012). All 

freshwater species are placed within four superfamilies within the order Podocopida: Darwinuloidea, 

Cypridoidea, Cytheroidea and Terrestricytheroidea. The other superfamilies within the Podocopida 

(Baidioidea, Macrocypridoidea, Pontocypridoidea and Sigillioidea) contain only marine species 

(KARANOVIC, 2012). 

With representatives scattered throughout four superfamilies, it is clear that non-marine ostracods 

do not represent a monophyletic grouping but rather comprise a polyphyletic assemblage reflecting 

numerous incursions into the freshwater environment. In total, between 9 and 12 separate 

incursions into fresh water are thought to have occurred within Ostracoda. The earliest ostracod 

taxon to venture into the freshwater environment is thought to have been the Darwinulidae, which 

colonized fresh water in the Devonian, followed by the Cytherideidae and Limnocytheridae in the 

Permian. All four Cypridoidean families probably colonized the nonmarine environment in the Mid- 

to Late Jurassic. It is however not yet clear whether this represents a single incursion or four separate 

colonization events (MARTENS et al., 2008; MARTENS & HORNE, 2009). The Cytheroidea and the other 

freshwater ostracod families are thought to have invaded non-marine habitats much more recently 

(HORNE, 2003). 

 

 

3.3. General ostracod morphology (with special attention to identification of 

fossil ostracods). 
 

The ostracod body does not show any obvious segmentation, but, based on the observation of body 

segmentation in some of the more primitive members of the order, a maximum number of 11 

segments is believed to make up the ‘trunk’ (abdomen + thorax) (TSUKAGOSHI & PARKER, 2000). Though 

not immediately obvious, a head and a thorax region may be recognized. The abdomen, however, is 

only present in a greatly reduced, vestigial state. 

The head region makes up most of the ostracod body and carries 4 pairs of well-developed head 

appendages: antennula, antenna, mandibula, maxillula. The fifth pair of appendages are considered 

by some authors to correspond to the maxilla, while others believe them to be the first pair of 

thoracal limbs. All of these head appendages may differ considerably in both form and function 
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between the various ostracod taxa. In all freshwater ostracod lineages, it is a jointed, setae bearing 

limb with both a locomotory and sensory function (MEISCH, 2000). 

The second pair of appendages, the antennae, are usually the main locomotory limbs and may be 

used for walking, swimming, digging or climbing along submerged vegetation. The mandibles are 

used for food processing. They consist of a masticatory process, equipped with teeth, and a palp with 

an often well-developed vibratory plate and which may be adapted for crawling or digging. The 

maxillules are generally involved in creating a respiratory and feeding current. Generally, however, it 

is the next pair of limbs (maxillae or first thoracopods) which are most important in this role. This 

limb is remarkably varied in shape and may be a walking leg, a feeding apparatus or a clasping organ 

used during copulation.  

The structure, shape and arrangement of setae of these appendages are commonly used as 

taxonomically diagnostic features, as is the shape of the copulatory organs. However, in fossil 

specimens, appendages and other soft body anatomy is only rarely preserved, and identification 

relies solely on features of the carapace. Figure 6 shows the main features of the ostracod valves. 

 

Figure 6: Main features of importance for the identification of Ostracod valves. A. Schematic overview of the interior of the 
left valve of an ostracod of the genus Candona (Source: KARANOVIC, 2012). B. Inside of the left valve of Ilyocypris gibba 
showing the marginal riplets (MR), muscle scars (MS), the inner valve margin (IM), the inner lamina (IL) and a list (L) on the 
inner lamina. C. Exterior of the left valve of Ilyocypris gibba, with sulci (Su). Note also the pitted surface of the valves. 
(Source: own work, after VAN DER MEEREN, 2011) 
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The calcified, bivalved carapace is probably the most conspicuous feature of Ostracoda as a group. 

The two valves articulate along a dorsal hinge and completely enclose the body, which is suspended 

within this shell. Only the tips of some appendages protrude through the narrow opening in the 

carapace. When closed, the carapace offers protection against predators as well as adverse 

environmental conditions (e.g. drought). 

Closing of the valves is achieved through the action of a powerful adductor muscle running through 

the centre of the body. These adductor muscles attach to the inside of the valves, forming muscle 

scars on the central part of the interior side of the outer lamella. Together with the scars left by the 

mandibular muscles, these form a ‘central muscle scar field’, the shape and arrangement of which is 

of great taxonomic importance, in particular at the family and superfamily levels (MEISCH, 2000).  

Each valve consists of an inner and an outer lamella, separated by a space called the vestibulum 

which sometimes houses reproductive or digestive organs. In Podocopid ostracods, which include all 

freshwater species, the external lamella is completely calcified, while the inner lamella is mostly 

membranous, the calcified part being restricted to the peripheral zone. On the calcified part of the 

inner lamella a number of features, often with some taxonomic significance, may be recognized. 

These may include one or more inner lists, a line of concrescence, the fused zone and the selvage. 

The line of concrescence corresponds to the zone where the interior and exterior lamellae meet. It 

forms the proximal limit of the fused zone. The fused zone, which, as the name implies, is a zone 

where the inner and outer lamella are fused together, is traversed by radial pore canals containing 

nerves. Finally, the selvage is an extension of the inner lamella. It originally forms the free valve 

margin, but often it is displaced inwards, in which case the free valve margin is formed by an 

excrescence of the outer lamella, called the flange. 

Other, more specific characters of the calcified inner lamella include marginal riplets of Ilyocypris 

species (JANZ, 1994) (See Fig. 6) or the ‘pegs’ on the valve margin of species in the genus Tonnacypris 

(VAN DER MEEREN et al., 2009). 

The exterior valve surface is usually covered in pores of tiny canals that cross the outer lamella and 

through which sensory setae reach the outside world. The valve surface may be smooth or may carry 

ornamentations such as pits, spines, setae, tubercles, patterns of ridges, etc. In some species the 

valves show conspicuous depressions known as sulci (e.g. Limnocythere, Paralimnocythere and 

Ilyocypris species). Valve ornamentation is often sexually dimorphic. For example, in Notodromas 

monacha, the presence of a spur-like expansion of the left valve is limited to females of the species. 

While all of these structures are used as characteristics of taxonomic importance, most often on the 

level of genera or species, it should be noted that the degree to which these features are developed 

may vary greatly between individuals or populations, depending on environmental factors and 

developmental stage (MEISCH, 2000). 

The colour of the ostracod carapace is sometimes considered a diagnostic feature of living ostracods, 

and in a number of cases makes differentiation between closely allied species possible. The colour is 

often a result of pigments present in the outer lamella, while some species (e.g. Candona sp.) lack 

pigmentation but display a pearly lustre. In fossil specimens, however, the original colour is most 

often no longer present.  
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3.4. General ecology 
 

Ostracods have great dispersal capabilities, being capable of surviving stressful environmental 

conditions in a dormant state or as drought-resistant eggs and being dispersed by animals such as 

fish, amphibians and waterfowl (BROCHET et al., 2010; FRISCH et al., 2007). As a result, many species 

have a wide geographic range and the species composition of any given Ostracod community will 

likely reflect local environmental characteristics. 

The distribution of ostracods is influenced by both biotic and abiotic factors. The primary abiotic 

factors influencing ostracod life-cycles and survival (and thus their distribution) are physical 

hydrology, water temperature and water chemistry (ITO & FORESTER, 2009).. 

Physical hydrology includes the general setting in which the ostracods live. Non-marine ostracods 

occur in practically all kinds of freshwater and brackish habitats and quite often clear faunal 

differences exist between the various types of environment (springs, lakes, ephemeral pools,…) 

(MEZQUITA et al., 2005). In lakes and (permanent) pools, ostracods may occupy all adaptive zones, 

from the shallow littoral zone down to great depth. Springs also often house abundant populations 

of Ostracoda and various types of springs may be distinguished based on the occurrence of 

characteristic ostracod species (e.g. bicarbonate rich springs vs. bicarbonate poor; warm vs. cold) 

(MEZQUITA et al., 1999c). 

Ostracoda are also found in many types of flowing water, including brooks, ditches, rivers and canals. 

In very fast running waters, however, they tend to be absent or at least restricted to calmer areas 

(e.g. bends or hollows) and the interstitial environment (STAUDER & MEISCH, 1991). Many species of 

ostracod are adapted to ephemeral habitats, such as seasonal pools, rock pools and rice fields. These 

habitats have a characteristic ostracod fauna, composed of species with drought resistant eggs and 

egg banks, the ability to survive harsh conditions through torpor and an accelerated development 

and reproduction compared to species of more permanent environments. A small number of species 

are known to occur in semi-terrestrial environments, including  the soil of floating fens and bogs, leaf 

litter or mosses neighbouring streams and waterfalls (e.g. MARTENS et al., 2008; PINTO et al., 2003, 

2004, 2005). 

The life cycle of ostracods is highly dependent on the temperature of the surrounding water 

(MARTENS, 1985; MEZQUITA et al., 1999b) and consequentially varying water temperature is a major 

structuring gradient in ostracod communities (VIEHBERG, 2006). 

Water chemistry involves solute composition, pH, oxygen content, nutrient concentrations and 

concentration of toxins (MEZQUITA et al., 2005). Most of these factors can be relatively easily 

measured and as a result the response of ostracod communities to various hydrochemical gradients 

has been extensively studied. Of these factors, salinity in particular has traditionally been considered 

to be the most influential (DE DECKKER, 1981). DE DECKKER (1981) conclusively demonstrated that 

species differ in their tolerance to salinity. More recent studies have suggested that ionic 

composition may well be as important in determining species composition (BALTANÁS et al., 1990; 

CURRY, 1999; DE DECKKER & FORESTER, 1988). 
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Researchers have also demonstrated their interest in the response of ostracods to other factors, such 

as organic pollution (MEZQUITA et al., 1999a; MILHAU et al, 1997), eutrophication (SCHARF, 1998) and 

water depth (MOURGUIART & CARBONEL, 1994). These factors often do not have a direct effect on 

ostracods, but they may influence other factors that do. For example, water depth influences 

sediment, light intensity, water flow and temperature (and its variability) (MEZQUITA et al., 2005). 

Many of the more complex influences on ostracod distribution have proven difficult to quantify and 

are often poorly documented. These include many of the biotic interactions such as competition or 

predation, the relationship between ostracods and sediment and ostracod microhabitat preferences. 

For example, many ostracods are associated to some degree with submerged vegetation. It is unclear 

whether this is because of the shelter provided by plants, hydrochemical properties associated with 

vegetation or the abundance of food (epiphyton, accumulated detritus) (KISS, 2007). 

 

 

3.5. Fossil Ostracoda and their applications in palaeoecology 
 

Ostracods probably have the most extensive fossil record of any extant group of crustaceans, with 

over 50,000 described fossil species. The earliest assumed ostracods appeared in the early 

Ordovician and are known from fossil carapaces only (WILLIAMS et al., 2008). The oldest fossils that 

can undoubtedly be assigned to the Ostracoda are from Silurian deposits from England (SIVETER et al., 

2003; WILLIAMS et al., 2008). No doubt their small size and heavily calcified carapace are responsible 

for the promotion of fossilization, giving us the rich fossil record we have today. 

The first to acknowledge the palaeoenvironmental potential of Ostracoda was DELORME (1969) in his 

work on Canadian freshwater ostracods. He created an extensive database of Canadian Ostracods 

and their ecological characteristics, and used it to interpret past aquatic environments and climate 

(DELORME et al., 1977; DELORME, 1987). Palaeoenvironmental methods using Ostracods can basically 

be divided into two categories: those that make use of individual species and specimens and those 

that start from the ostracod assemblage. The first category includes analyses of the size, shape and 

ornamentation of fossil carapaces, all of which are related to both environmental conditions, such as 

temperature and salinity, and genetics. As a result, analyses of valve morphology require a sufficient 

understanding of the interplay between genetics and environment (BALTANAS et al., 2002; YIN et al., 

1999). These methods appear especially useful in situations when ostracod assemblages are limited 

in their diversity (VAN DER MEEREN et al., 2010). 

The chemical composition of fossil ostracod valves has also been used to infer past environmental 

changes. Ostracod valves are made up of low Mg calcite, embedded in a chitinous matrix. The exact 

composition of the valve calcite is determined by the ion composition of the surrounding fresh water, 

which is in turn dependent on hydrological and climatic factors (e.g. influx of mineral rich ground 

water and air- or water temperature). Studies of valve chemistry mainly deal with the analysis of 

trace elements, in particular strontium and magnesium, and of stable isotope composition (18O, 13C). 

When the calcitic valves of ostracods are formed from Ca2+ and HCO3
- taken directly from their 

environment (ITO & FORESTER, 2009), small amounts of other cations are incorporated into the valve 
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structure. These include the elements Mg, Sr, Na, Ba and U (ITO et al., 2003). Sr and Mg in particular 

are often used in reconstructions of palaeohydrology and palaeoclimate. The ratios of Sr/Ca and 

Mg/Ca can be related to salinity and, especially in the case of Mg, to water temperature. 

The analysis of stable isotopes is widely used in palaeoenvironmetal studies. All such isotope 

analyses make use of the principle that fractionation occurs when stable isotopes undergo phase 

transition. While it would be possible to use inorganic carbonates precipitated as a result of 

photosynthesis or the mixing of mineral rich groundwater, there are certain advantages related to 

the use of ostracod calcite. For example, the fact that ostracods undergo up to 8 moulting events 

throughout their lives, the short time span of calcification after each moult, a valve surface 

morphology that can be used to check the state of preservation and a relative ease with which 

ostracods can be isolated from the sediment all make Ostracoda into a highly useful source of 

calcium carbonate for isotope studies (ITO et al., 2003).  

The oxygen isotope composition of ostracod valves is controlled by water temperature at the time of 

calcification and the isotopic composition of the water while carbon isotopic composition is affected 

for the most part by the isotopic composition of dissolved inorganic carbon, which itself is influenced 

by carbon exchange between the water and the atmosphere and carbon residence times (DE DECKKER 

& FORESTER, 1988). 

Alternatively, there are those approaches that make use of ostracod assemblages. The earliest 

palaeoecological studies limited themselves to recognizing indicator species of cold and warm 

climates. More recently, however a more systematic approach is used, extrapolating the ecological 

preferences and limitations of modern ostracods to fossil assemblages (e.g. WILKINSON et al., 2005). 

Using the species composition and relative abundance of species in ostracod assemblages, changes in 

palaeohydrology and trophic conditions of lakes (SCHARF, 1998), water depth (MOURGUIART & 

CARBONEL, 1994), temperature (FORESTER, 1991) and salinity and ion composition (FORESTER, 1991; DE 

DECKKER & FORESTER, 1988) can be documented. CURRY (1999) used environmental tolerance indices 

(ETIs) to reconstruct not the environmental variables themselves, but their variability. 

More quantitative methods include transfer functions and Mutual Climate Range methods. The 

transfer function approach makes use of a so-called training set, consisting of measurements of 

environmental parameters and data on the abundance of its associated ostracod assemblage, to 

construct a set of equations, the transfer functions, correlating biological and environmental data. 

This approach has been proven useful in the reconstruction of water conductivity (MEZQUITA et al., 

2005; MISCHKE et al., 2010a; MISCHKE et al., 2007), water depth (MISCHKE et al., 2010b) and 

temperature (VIEHBERG, 2006). 

A mutual temperature range method for ostracods was developed only relatively recently by HORNE 

(2007). As this method is employed in this thesis, it is discussed in detail in the chapter ‘Material and 

methods’. 
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4. Aims of this study 
 

The main, overarching aim of the GOA project “Prehistoric settlement and land use in Sandy Flanders 

(NW Belgium): a diachronic and geo-archaeological approach” is to improve our understanding of the 

early colonization and occupation history of the Sandy Flanders region in relation to environmental 

conditions. In particular, the project aims to elucidate how the palaeo-landscape influenced the 

settlement of prehistoric people in the area and how these people exploited their environment. On 

the other hand, the project also seeks to further our understanding of the influence these prehistoric 

people themselves had on the surrounding landscape, at both the local and the regional scale. For 

this reason, the project aims to reconstruct the palaeoenvironment of Sandy Flanders in great detail, 

including its palaeotopology, vegetation, hydrology and patterns of occupation. 

As part of the palaeoecological research effort conducted in the Moervaart Depression, this thesis 

uses ostracods as palaeoenvironmental proxies to improve our understanding of the environmental 

changes affecting the Moervaart palaeolake and its surroundings at the end of the Late Glacial. The 

specific goals of this work can be summarized in the following three points: 

1) First of all, this thesis attempts to describe the fossil ostracod fauna retrieved from the 

Moervaart palaeolake area in terms of changing species composition, abundance and 

diversity. 

2) Starting from the autoecology of the retrieved ostracod species, an attempt will be made to 

explain the observed changes in the ostracod assemblage in relation to environmental 

changes (climatic or hydrological changes). Based on this a possible scenario of 

environmental change will be discussed. 

3) Finally, using the recently developed Mutual Ostracod Temperature Range method, a mutual 

climate range method for use on ostracod assemblages, estimates are made of plausible 

temperature ranges at the Moervaart palaeolake site in the period spanning from the Late 

Glacial to early Holocene. 
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5. Material and methods. 

5.1. Sampling 
 

All samples examined were taken in the 70 meter trench dug for the purpose of the GOA project. The 

samples were collected in March and early April 2009. The samples used for ostracod analysis include 

two complete lake sequences (DVD S2 and DVD S4). The two complete sequences were originally 

collected for malacological investigation by Lyn Serbruyns (SERBRUYNS, 2010). 

The DVD S2 sequence contains 18 samples, each representing intervals of more or less 10 cm over a 

depth of 136 cm. Sampling deviated from the 10cm intervals where it was deemed useful to avoid 

mixing of clear stratigraphically delineated layers.  

 

Figure 7: The sampled S2 profile, showing the sample numbers and the ostracod zones. The geological timeperiod as well as 
the code from the palynological section are given to make it easier to relate samples between sequences.  

 

The DVD S4 sequence contains 14 samples covering a depth of 164 cm. Here, as in the S2 sequence, 

the entire depth of the trench was sampled. Contrary to the S2 sequence, sampling of S4 was not 

done according to fixed intervals, but rather following the stratigraphic units indicated by 

archaeologists. Some of these units are only a few centimetres thick, while others are up to 30 cm 

thick. The depth of these samples is indicated in table 2 and on figures 5 and 6. 
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Figure 8: The sampled S2 profile, showing the sample numbers and the ostracod zones. The geological timeperiod as well as 
the code from the palynological section are given to make it easier to relate samples between sequences. 

 

 

5.2. Laboratory processing of the samples 
 

In the laboratory, subsamples of the original samples from the DVD S2 and S4 sequences were taken 

and air-dried. Each of these samples had a volume of 500 ml. Once dried, one quarter of this 

subsample was taken for malacological analysis (SERBRUYNS, 2010). Each of these samples was put 

into a plastic cup and covered with water. The samples were gently stirred in order to disintegrate 

the sediment. After floating mollusc shells were collected for malacological study, the residue was 

poured through a set of nested sieves with mesh sizes 1 mm, 0,5 mm and 150 µm. To dissolve 

sediments resistant to disintegration Na4P2O7 was added before sieving the residue. Mollusc shells 

from these samples were picked out and the sediment residues were kept in containers for 

subsequent Ostracod analysis. 
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The sediment samples were spread out in petri-dishes and fossil ostracod valves and carapaces were 

picked out using a moist paintbrush under a Zeiss Stereo Discovery.V8 (PlanS 1.0x FWWD 81mm) 

stereomicroscope. 

Identification of the ostracod valves was done based on careful examination of the fossil valves 

under the stereomicroscope and of scanning electron micrographs. MEISCH (2000) was used as a 

starting point in the identification of the valves. However, since MEISCH (2000) is primarily concerned 

with recent ostracods, this standard work is not always useful for distinguishing species based solely 

on valve characteristics. Hence a range of other literary sources were used (e.g. ABSOLON, 1978; 

FRENZEL et al., 2010; JANZ, 1994; VAN DER MEEREN, 2009) 

Valves and complete carapaces were counted separately, so that each carapace was counted as two 

valves. In each sample all identifiable adult ostracod valves and carapaces were counted in order to 

obtain a general idea of ostracod abundance as well as diversity and assemblage make-up. Valves of 

juveniles were not included in the counts, as they could not be identified to species, and valves that 

were damaged beyond recognition were excluded from counting and analysis. Also, recognizable but 

heavily fragmented parts of valves were not counted as several such fragments may in fact originate 

from a single valve. 

 

 

5.3. Scanning Electron Microscopy 
 

Scanning Electron Microscopic images of all collected species were made at the Royal Belgian 

Institute of Natural Sciences. The pictures were taken by R.B.I.N.Sc. technician Julien Cillis. 

In preparation for scanning, valves and carapaces were fixed on specimen stubs using a round sticker 

of double-sided tape. Ethanol and a small paintbrush were used to place the valves on the surface of 

the stubs in the desired position. 

SEM imaging requires that specimens have an electrically conductive surface and are electrically 

grounded because electrostatic charge tends to build up in non-conductive specimens, which may 

cause faults and artefacts in the final image. To increase conductivity of the specimens they were 

coated in an ultrathin layer of gold using a SEM sputter coater. In SEM sputter coating a gold target is 

bombarded with heavy gas atoms, ejecting metal atoms from the target. These metal atoms then 

deposit onto all surfaces within the coating chamber, thus forming the thin gold coating on the 

specimens. 

Next the specimens were scanned using a Scanning Electron Microscope. In scanning electron 

microscopy an extremely narrow (typically 10 nm), focussed beam of electrons is emitted from an 

electron gun at the specimens under observation. This beam is focussed by electromagnetic fields 

created by condenser lenses. The final lens forming the very small incident beam or ‘electron probe’ 

is named the objective. It is this lens that determines the spatial resolution of the SEM, just like the 

objective lens of a traditional light-optical microscope. The resolution of the obtained image can 

never be better than the probe diameter. 
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The electron beam of a SEM is scanned horizontally across the specimens in two directions (x and y) 

perpendicular to each other: the electron beam quickly moves along lines in direction x, while the 

beam is shifted a little in direction y after completion of each line. As a result, the specimen is 

scanned following a rectangular grid, a procedure known as raster scanning (WATT, 1997). 

When the accelerated electrons of the beam hit the specimen, interactions of the electrons with the 

atoms of the specimen result in several kinds of signal: electrons belonging to the specimen may be 

‘dislodged’ (secondary electrons), primary electrons from the beam can be deflected back 

(backscattered electrons) and electrons shifting atom a high to a lower energy state release 

electromagnetic radiation (primarily x-rays). All of these can be used for imaging and the X-rays may 

be used to study chemical composition of specimens or part of specimens (WATT, 1997). As used 

here, the signal of the secondary electrons are measured and used to create an image. This yields a 

monochromatic image with a large depth of field, giving it a three dimensional appearance. 

Photographs were edited using Adobe Photoshop CS6 (©1990-2012 Adobe Systems Incorporated). 

 

 

5.4. Numerical analysis and representation of data 
 

After processing of the samples, a species by sample table was made for each sequence. From this 

table graphs were constructed, showing the absolute counts per sample, as well as a percentage 

diagram in which each species is represented as the percentage of the total amount of valves 

counted.  A graph showing the total number of valves and the total number of species was included 

in this percentage diagram.. Construction of the percentage diagram was done using C2 version 

1.7.2. (©2003-2011 Newcastle University). 

A zonation was indicated on the diagrams based on the major changes in the Ostracod fauna. To aid 

in establishing these zones, a correspondence analysis was performed on the dataset. This was done 

using PAST software (HAMMER et al., 2001). The correspondence analysis is evaluated by inspecting 

the obtained ordination diagram. 

Editing of the obtained graphs and figures was performed in Adobe Illustrator CS6 (©1987-2012 

Adobe Systems Incorporated). 

 

 

5.5. The Mutual Climatic Range approach 
 

5.5.1. Principles of the Mutual Climatic Range approach to palaeoclimate reconstruction. 

The Mutual Climatic Range approach to palaeoclimate reconstruction was developed by ATKINSON et 

al. (1986) for quantitative temperature reconstruction based on Coleoptera. Today this approach is 

probably still best known for its application on Quaternary insect assemblages, though the principle 



 

27 
 

has since been applied to a wide variety of organisms, including terrestrial molluscs (MOINE et al., 

2002), amphibians and squamate reptiles (e.g. BLAIN et al., 2009; BLAIN et al., 2010), mammals (LOPEZ-

GARCIA & CUENCA-BESCOS, 2011) as well as pollen (PROSS et al., 2000) and macroscopic plant remains 

(SINKA & ATKINSON, 1999). 

Contrary to many other methods for palaeoclimate reconstructions, such as the aforementioned 

transfer functions, the MCR approach does not use the relative abundance of species in an 

assemblage to infer climatic conditions. Rather, it utilizes only the known presence of a species. As a 

result, MCR methods are very useful in assemblages where species are represented by only small 

numbers of individuals. 

The MCR approach starts from the idea that every species of the taxonomic group under 

consideration (be it higher plants, beetles, ostracods or some other taxon) has a known tolerance 

range for a particular climatic variable. Hence, if the fossil record shows that a certain species was 

present at a locality at a certain time in the past, the climate in that location at that point in time 

must have lain within the tolerance limits of this species. Applying this idea to an entire assemblage 

of species, it is clear that the climate must lie between the tolerance limits of all species in the 

assemblage at that time. In other words, the climate must have lain within the overlap of all of the 

species’ tolerance ranges: the mutual climatic range for those species. 

Traditionally, MCR methods, as developed for beetle assemblages, plot the distribution of species in 

‘climate space’ which is defined by two parameters. Usually MCR methods are used for temperature 

estimates and hence climate space is defined by Tmax (the mean temperature of the warmest month) 

and Trange, which is the range between that temperature and the mean temperature of the coldest 

month. In this way, so called climate envelopes of species can be developed. The overlap between 

the envelopes of the different species in an assemblage then define the mutual climatic range, the 

range of Tmax and Trange (and calculated from that Tmin) in which a given assemblage could have 

existed. 

 

 

5.5.2. MOTR: The Mutual Ostracod Temperature Range method 

The MOTR method applies the principles laid out above to Ostracoda in order to directly obtain an 

estimate of past air temperatures. To be precise, the method compares ostracod species 

distributions to January and July maximum and minimum temperatures. 

For the MOTR method to be applied it is necessary to know the temperature ranges of the species 

involved. Here a list of Ostracod January and July temperature ranges provided by Prof. Dr. David J. 

Horne was used. This list is an updated version of the one given in HORNE (2007) and HORNE & 

MEZQUITA (2008) and is given in full in Appendix 2. An abbreviated version of the list, containing only 

ranges of the species used in this analysis is given in table 1. 

Creating this list was done using a geographical information system, a modern climate dataset and 

records from the Nonmarine Ostracod Distribution in Europe (NODE) database (HORNE et al., 1998). 

This is a geographical database containing approximately 120.000 records of both fossil and living 

European nonmarine Ostracoda that covers Europe, North-Africa, Asia Minor and part of the Middle 
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East. The database is composed of two datasets: RECENT, containing records of living ostracods, and 

FOSSIL, which contains records of Pleistocene and Holocene ostracods. For a more in depth 

description of the NODE database, we here refer to HORNE (1998). The modern climate dataset used 

to derive the ostracod temperature ranges was the WorldClim database (HIJMANS et al., 2005) as laid 

out in HORNE (2007) and HORNE & MEZQUITA (2008). By displaying all of the (recent) records of a single 

species as points on a map in a GIS and overlaying this with a layer showing the climate parameter of 

interest (in this case max and minimum temperatures of July and January) it becomes possible to 

determine the temperature zone that most precisely encloses all records of the species. 

 

 July January 

Species Min. Max. Min. Max. 

1. Candona candida (O. F. Müller, 1776) 6 26 -40 9 

2. Candona neglecta Sars, 1887 7 27 -10 13 

3. Cyclocypris ovum (Jurine, 1820) 7 27 -32 14 

4. Cypria ophtalmica (Jurine, 1820) 6 28 -8 14 

5. Cypridopsis vidua (O. F. Müller, 1776) 9 34 -32 17 

6. Cypris pubera O. F. Müller, 1776 8 28 -31 14 

7. Dolerocypris fasciata (O. F. Müller, 1776) 12 24 -31 8 

8. Fabaeformiscandona levanderi (Hirschmann, 1912) 11 19 -40 1 

9. Fabaeformiscandona protzi (Hartwig, 1898) 11 21 -40 3 

10. Herpetocypris reptans (Baird, 1835) 10 25 -8 15 

11. Heterocypris incongruens (Ramdohr, 1808) 
5 28 -31 18 

12. Limnocythere inopinata (Baird, 1843) 12 34 -32 16 

13. Paralimnocythere psammophila (Flössner, 1965) 12 24 -21 7 

14. Pseudocandona compressa (Koch, 1838) 8 22 -10 6 

15. Tonnacypris tonnensis Diebel & Pietrzeniuk, 1975 9 13 -22 -20 

16 Potamocypris villosa (Jurine, 1820) 11 26 -32 16 

Table1: Abbreviated list of temperature calibrations for the species recovered from the Moervaart lake sediment. (Updated 

from HORNE, 2007) 

 

As a non-analogue method, the MOTR method makes use of the temperature range of individual  

ostracod species. Consequently, it allows all ostracod species in the assemblage (with the exception 
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of extinct species) to be used, even if their modern day distributions do not overlap, contrary to 

methods which compare the fossil assemblages to recent ostracod communities. This leaves us with 

temperature ranges as given in Table 1. 

A fossil assemblage is analysed by comparing the temperature ranges for all the species in the 

assemblage and determining the values over which all of these ranges overlap. This is done for both 

January and July temperatures, giving us the ostracod-inferred temperature ranges for July (OTW, 

Ostracod-inferred Temperature range of the Warmest month) and January (OTC, Ostracod-inferred 

Temperature range of the Coldest month). 

The MOTR method differs in some respects from the traditional MCR methods. For example, it uses 

Tmin (the mean temperature of the coldest month) directly as a variable, instead of Trange. 

Furthermore, rather than plotting the species envelopes in a two dimensional space, it plots the Tmin 

and Tmax ranges separately to find the mutual temperature ranges for both. This process is graphically 

represented below for the ostracod assemblage of a single sample (sample 13, DVD S4). 

 

This was performed for all samples of the two sequences. A number of species were left out of the 

analysis. Ilyocypris gibba was left out because of taxonomical difficulties within the genus Ilyocypris. 

These species are notoriously difficult to identify and as a result, past records of I. gibba may be 

unreliable due to confusion with other species in the genus. Bradleystandesia sp. could not be 

identified to species with any certainty due to damage done to the valve margin (which appeared to 

be remarkably fragile). As a result it cannot be included in the analysis. Finally, Tonnacypris tonnensis 

was excluded from the final analysis because of problems with the calibration. When initially 

included, the species showed no temperature overlap with Candona candida, which occurs in the 

same sample. In other words no mutual temperature range could be constructed (see Discussion).  

 

  

  

Figure 9: Graphic representation of the proces used in the MOTR method to determine mutual climate ranges. The graph on 
the left shows the ostracod derived mutual temperature range for Tmin. The graph on the right does the same for Tmax. 
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6. Results 

6.1. Overview of the recovered ostracod species 
 

Here a brief overview is presented of those ostracod species that were retrieved from the Moervaart 

fossil assemblage. A short description of their appearance is given, as well as some taxonomic 

information and details on their ecology. These descriptions take mostly after MEISCH (2000), but 

with additional notes on species ecology. Morphological descriptions are limited to valve and 

carapace features relevant for species identification. 

Class OSTRACODA  

Order PODOCOPIDA SARS, 1866 

Suborder PODOCOPINA SARS, 1866 

Infraorder CYPRIDOCOPINA JONES, 1901 

Superfamily CYPRIDOIDEA BAIRD, 1845 

Family CANDONIDAE KAUFMANN, 1900 

Subfamily CANDONINAE KAUFMANN, 1900 

Genus Candona BAIRD, 1845 

Candona candida (O.F. MÜLLER, 1776) 

Fig. 10, E-F. 

Description: The carapace of the female is remarkably variable in shape. The greatest height is 

located at approximately 2/3 of the body length. The antero-dorsal edge is weakly rounded to more 

or less straight, sloping downwards to the anterior end of the carapace. ABSOLON (1978) notes the 

sharp angle between the posterior and ventral margins and the more or less right angle formed by 

the inner lamella at this point as main distinguishing features for the species. The ventral margin is 

concave. In dorsal view, the carapace appears subovate, somewhat pointed toward the anterior and 

rounded posteriorly. The greatest carapace width is located at about mid-length. The right valve 

overlaps the left valve at both the anterior and posterior end. The valve surface is smooth and valves, 

even as fossils, are often white with a pearly lustre to them. 

Ecology: Candona candida is a widely occurring species in various types of aquatic habitats including 

both the profundal and littoral zones of lakes, ponds, ditches , springs, streams and various 

subterranean environments. Permanent waters are preferred, although it does occur in temporary 

pools. Candona candida is considered a rather acid tolerant species, having been recorded by FRYER 

(1980) from water with a pH of less than 5.0. It may be very common in waters where pH varies 

between 5.4 and 13 (KÜLKÖYLUOGLU & VINYARD, 2000). While it has been found to occur in slightly 

saline coastal waters, it does not tolerate salinities above 5.3‰ (HILLER, 1972; USSKILAT, 1975), placing 

it low in the mesohaline range. LÖFFLER (1977) and JULIA et al. (1998) mentioned C. candida as a 

benthic species with high oxygen requirements. However, DELORME (1991) found C. candida in waters 

with almost no dissolved oxygen, which suggests that it is in fact a species with a wide oxygen range. 

It has been suggested that bottom type is one of the most important factors for the occurrence of C. 

candida, which tends to prefer muddy bottoms (KÜLKÖYLUOGLU & VINYARD, 2000). 
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Ecological characterization (cfr. MEISCH, 2000): rheoeuryplastic, euryplastic for pH, titanoeuryplastic 

(HILLER, 1972), oligothermophilic (VESPER, 1975) and oligohalophylic to mesohalophilic. 

Modern distribution: C. candida is a very common and widespread species with a Holarctic 

distribution (Eurasia and North America). It is, however, rarer in the south of the region. 

Fossil record: Known from the Pliocene onwards. Candona candida has been recorded throughout 

the Quaternary and appears to have been most common during the late glacial phases (FUHRMANN et 

al., 1997). 

 

 

Candona neglecta SARS, 1887 

Fig. 10, A-D 

Description: Candona neglecta displays an obvious sexual dimorphism in carapace shape. Females 

have elongated valves, about twice as long as they are high. The ventral margin is only moderately 

concave. In a complete carapace, the left valve overlaps the right valve at the anterior and posterior 

ends. Surface of the valves smooth. 

Males have elongated valves which are much more concave ventrally. Male valves are more than 

twice as long as they are high. The valves of both males and females are generally white.. 

Ecology: Candona neglecta occurs in a wide range of habitats, including springs, ponds and brooks 

connected to springs. It is common in lakes in both the littoral and profundal zones, down to very 

great depths. In some lakes, C. neglecta has been found to prefer sediment with no vegetation (Kiss, 

2007). The species is also known from small and temporary water bodies and interstitial habitats. 

C. neglecta generally prefers colder waters, though it is tolerant of temperatures higher than 20°C. It 

appears to be quite tolerant to low oxygen levels, tolerating eutrophic and hypoxic conditions of as 

low as 0.3 mg/L O2 in the summer (DANIELOPOL et al., 1985, 1993). Candona neglecta is often reported 

from slightly salty environments, including the brackish water of the Baltic Sea (FRENZEL, 2010) with a 

salinity between 0.5 and 16‰.  

Ecological characterization: oligothermophilic, oligo- to mesorheophilic, titanoeuryplastic, euryplastic 

for pH, mesohalophilic to polyhalophilic. 

Modern distribution: Holarctic distribution. 

Fossil record: Pleistocene to present. 
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Genus Fabaeformiscandona KRSTIC, 1972 

 

Fabaeformiscandona levanderi (HIRSCHMANN, 1912) 

Fig. 11, A-B 

Description: In females, the dorsal margin of the carapace is more or less straight and sloping 

towards the anterior. The left valve of the carapace overlaps the right valve anteriorly and 

posteriorly. Both right and left valves have a distinct lobe on the postero-dorsal edge of the valve, 

which is generally lined with small teeth (which may be absent, particularly when dealing with fossil 

material). 

Males have a longer, higher carapace. The ventral side of the carapace is strongly concave (similar to 

males of C. neglecta). The valves lack the postero-dorsal lobe of the females. A small expansion of 

the ventral margin of the carapace is visible near the mouth region. 

Ecology: F. levanderi is a species of ponds and lakes. In lakes it is found both in the littoral and the 

profundal zones. The species has a reported salinity range of 1.0-6.0 ‰ (MEISCH, 2000). F. levanderi 

has in past palaeoenvironmental studies been regarded as indicative of more or less arid conditions 

with increased evaporation rates (e.g. WETTERICH et al., 2005). HILLER (1972) considers F. levanderi a 

winter form with one annual generation. Adults are abundant from autumn to spring, while larvae 

appear in spring. 

Ecological characterization: oligothermophilic, oligorheophilic, (probably) titanoeuryplastic (HILLER, 

1972) and mesohalophilic. 

Modern distribution: Known from scattered localities in Germany, the Netherlands, Austria, Poland, 

Finland, Estonia, Russia, Bulgaria and Romania. 

Fossil record: Lower Pleistocene to Recent. 

 

 

Fabaeformiscandona protzi (HARTWIG, 1898) 

Fig. 11, C-D 

Description: The female carapace is more or less bean-shaped or reniform. The dorsal margin is 

evenly arched and the ventral margin is somewhat concave. Both anterior and posterior end of the 

carapace broadly rounded. The left valve overlaps the right valve at both ends of the carapace. The 

left valve carries a well developed lobe like expansion dorsally. 

The male carapace is similar to that of the female but has a characteristic expansion in the mouth 

region. 

Ecology: F. protzi is a species of permanent water bodies, including ponds, swamps, ditches and 

lakes. It has also been found to inhabit rivers, dead arms of rivers, a peat cut and the slightly brackish 
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water of the Baltic Sea (MEISCH, 2000). In lakes it occurs in both the littoral and the profundal zones. 

Fabaeformiscandona. protzi is considered an important indicator of cold water (e.g. SOHAR & KALM, 

2008). It has been recorded in waters with a salinity of up to 5.8‰ (MEISCH, 2000). The species 

appears to have only a limited tolerance for eutrophication (DANIELOPOL et al., 1985) 

HILLER (1972) considers F. protzi a cold stenothermal winter form. 

Ecological characterization: cold stenothermal, mesorheophilic, titanoeuryplastic, euryplastic for pH 

and mesohalophilic (HILLER,1972; MEISCH, 2000). 

Modern distribution: Known only from scattered records, though it appears to be quite widespread. 

Fabaeformiscandona protzi is known to occur throughout much of Western Europe and has been 

found in Northern Europe and Eastern Europe as well as Italy (MEISCH, 2000; NAGORSKAYA, 2004) 

Fossil record: Lower Pleistocene to Recent. Reported from interglacial and Late-Glacial deposits 

(GRIFFITHS, 1995). 

 

 

Genus Pseudocandona KAUFMANN, 1900 

 

Pseudocandona compressa (KOCH, 1938) 

Fig. 11: E-H 

Description: The anterior end of the carapace is compressed, so that the anterior end is beak shaped 

in dorsal view. The right valve is more strongly compressed than the left valve and bares a 

conspicuously compressed area in the posteroventral region of the valve. The carapace appears short 

and stout when viewed laterally, with an almost straight ventral margin and a more or less straight 

dorsal margin sloping towards the anterior end of the carapace. The left valve overlaps the right 

valve anteriorly and posteriorly and has a conspicuous dorsal hump which overlaps the right valve. 

Males and females are similar in shape, though males tend to be somewhat smaller. 

Ecology: P. compressa is found in both permanent and temporary waters, such as fishponds, 

temporary pools in open fields, ditches, rock pools and bogs. Pseudocandona compressa is not 

known to occur in subterranean environments (MEISCH, 2000). In lakes it shows a clear preference for 

the shallow littoral zone. It has been reported from a maximum depth of 8 m. Pseudocandona 

compressa is quite tolerant of low oxygen conditions, and has even been shown to tolerate near-zero 

oxygen levels for short periods of time (DELORME, 1991; KISS et al., 2007). The species is known from 

somewat saline inland and coastal waters, including the brackish water of the Baltic Sea. 

Ecological characterization: mesothermophilic, meso- to polytitanophilic, oligorheophilic, euryplastic 

for pH (HILLER, 1972) and oligo- to mesohalophilic. 

Modern distribution:  Pseudocandona compressa is a widespread species throughout Europe, 

Turkey, Iran, Siberia and Canada. 
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Fossil record: Pliocene and Pleistocene to present (GRIFFITHS, 1995; TUNOGLE et al., 1995). A common 

species in glacial as well as interglacial sediments.  
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Figure 10:  A-D, Candona neglecta; A, male LV interior; B, male RV interior; C, male LV exterior; D, female, RV interior. E-F, 
Candona candida; E, LV interior; F, RV interior. 
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Figure 11: A-B, Fabaeformiscandona levanderi; A, female, LV interior; B, left lateral view of male carapace; C-D, 
Fabaeformiscandona protzi; C, female LV interior, D, male, LV interior; E-H, Pseudocandona compressa; E, LV interior; F, RV 
interior; G, right lateral view of the carapace; H, Dorsal vies of the carapace. 
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Subfamily CYCLOCYPRIDINAE KAUFMANN, 1900 

Genus Cypria ZENKER, 1854 

 

Cypria ophthalmica (JURINE, 1820) 

Fig. 12, A-C 

Description: In ventral view, the carapace is broadly rounded with a highly arched dorsal edge and is 

very variable in shape. The left valve overlaps the right valves both anteriorly and posteriorly. The 

anterior and posterior valve margins of the left valve display a broad selvage. In dorsal view, the 

carapace has a somewhat flattened to broad outline, posteriorly rounded and anteriorly slightly 

pointed. Males and females are similar in carapace shape. 

Ecology: Cypria ophthalmica is a widespread and very common species with very broad 

environmental tolerances. It is reported from virtually every kind of continental aquatic habitats, 

including unusual environments such as waters with increased organic pollution, ponds filled with 

leaf litter and sulphurous springs. Cypria ophthalmica occurs in stagnant and flowing waters and in 

temporary as well as permanent water bodies. In lakes, this species is found at all depths, from the 

shallow littoral zone to extremes of more than 300 meters deep in the profundal zone (MEISCH, 

2000). It has also been recorded from subterranean environments (caves, wells) and the interstitial 

groundwater. It has been found to tolerate salinities of up to 5.8‰. Some authors mention a 

preference for more acidic waters (e.g. WILKINSON et al., 2005). Cypria ophthalmica has an optimal 

temperature range of 2.2 to 8.4°C and MALWITZ (1984) regards it as a coldstenothermal species 

because of its presence in the deep zones of lakes. However, it seems more likely that this is merely 

an expression of the species’ broad thermal tolerance (MEISCH, 2000). 

Ecological characterization: thermo-, rheo- and polytitanoplilic, euryplastic for pH, polyhalophilic, 

possibly coldstenothermal. 

Modern distribution: Almost cosmopolitan distribution, but absent from Australia. One of the most 

common Ostracoda of Western and Central Europe. 

Fossil record: Miocene and Pleistocene to recent (MEISCH, 2000; WILKINSON et al., 2005). 

 

 

Genus Cyclocypris BRADY & NORMAN, 1889 

 

Cyclocypris ovum (JURINE, 1820) 

Fig. 12, D-G 

Description: Cyclocypris ovum has a greatly variable carapace. It is mostly ovate and can appear 

‘inflated’ or ‘swollen’ in dorsal view. The dorsal margin is moderately to highly arched and evenly 
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rounded. The ventral margin is mostly almost straight or slightly convex. The right valve overlaps the 

left valve at both ends. The surface of the valves is covered in shallow round pits. Males and females 

are similar. 

Ecology: Cyclocpris ovum displays a great degree of tolerance to many environmental factors. It is 

found in most kinds of aquatic habitats, including both temporary and permanent waters. It is a very 

common species in the littoral zone of lakes, but small numbers have been found to occur at greater 

depths as well. Cyclocypris ovum can also be found in springs, swamps and the interstitial 

environment. It is generally thought of as a phytophilous species and has been found to be one of the 

most abundant species in reed belts (MEZQUITA et al., 1996; KISS et al., 2007). It has been recorded in 

slightly salty environments with a maximum salinity of 6.4‰ and is known from waters with elevated 

iron oxide concentrations (MEISCH, 2000). Cyclocypris ovum is tolerant to low oxygen levels and has 

been shown to survive short periods of time at near-zero oxygen levels under laboratory conditions 

(DELORME, 1991) as well as in the field (KISS et al., 2007). 

Ecological characterization: thermoeuryplastic, rheoeuryplastic, titanoeuryplastic, euryplastic for pH 

and mesohalophilic. 

Modern distribution: A species with a Holarctic distribution and one of the most common ostracod 

species in Western and Central Europe. 

Fossil record: Miocene and Pleistocene to present. 

 

 

Family ILYOCYPRIDIDAE KAUFMANN, 1900 

Subfamily ILYOCYPRIDINAE KAUFMANN, 1900 

Genus Ilyocypris BRADY & NORMAN, 1889 

 

Ilyocypris gibba RAMDOHR, 1808 

FIG 12, H-J 

Description: The carapace is bean shaped. Each valve has two dorso-medial transverse sulci and one 

to three laterally projecting tubercles. The degree to which these projections are developed varies 

between two extremes: the lateral projections may be completely absent (I. gibba forma biplicata) or 

the lateral projections may be strongly developed and pointed (I. gibba forma gibba). A wide range 

of intermediaries have been found, including individuals with one smooth and one tuberculated 

valve (STEPHANIDES, 1948). The entire surface of the valves is covered in distinct pits. 

Ilyocypris species can be extremely difficult to identify based on valve characteristics alone. Of 

particular importance are the small marginal riplets located in the median area of the posterior inner 

lamella of the left valve. In I. gibba 5 to 8 marginal riplets are present (JANZ, 1994). Males and females 

are similar in shape, but males are generally shorter. 
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In our samples, most specimens lacked obvious lateral projections, with the exception of a single 

valve, which was nevertheless identified as I. gibba based on the marginal riplets. 

Ecology: I. gibba prefers small, shallow but permanent water bodies with clayey to sandy substrate. 

It is also known from temporary pools, springs, brooks, rice fields and slightly salty waters. 

Sometimes found in small numbers in the interstitial environment. A number of authors (e.g. 

KÜLKÖYLÜOGLU & VINYARD, 2000) have noted that I. gibba may be particularly abundant in running 

waters. This species shows a very wide tolerance to temperature and has even been recorded from 

hot springs with temperatures of around 40 °C (GÜLEN, 1977). KÜLKÖYLÜOGLU & VINYARD (2000) note 

that dissolved oxygen content and pH are probably the two most important actors to which I. gibba 

shows some degree of sensitivity. 

Ecological characterization: meso- to polythermophilic, rheoeuryplastic, titanoeuryplastic, 

oligohalophilic. 

Modern distribution: Widespread species throughout Europe, Africa (north and south of the Sahara), 

the Middle East, central Asia, China and both North and South America. 

Fossil record: Miocene and Pleistocene to present. Reported from glacial as well as interglacial 

deposits (GRIFFITHS, 1995; FUHRMANN et al., 1997; Meisch, 2000). 



 

40 
 

 

Figure 12: A-C, Cypria ophtalmica; A, external view of the carapace; B, LV interior; C, Carapace in dorsal view; D-G, 
Cyclocypris ovum; D, dorsal view of carapace; E, Ventral view of carapace; F, LV interior; G, RV interior; H-J, Ilyocypris gibba; 
H, LV exterior; I, Carapace in dorsal view; J, LV interior. 



 

41 
 

Family CYPRIDIDAE BAIRD, 1845 

Subfamily CYPRIDINAE BAIRD, 1845 

Genus Cypris O.F. MÜLLER, 1776 

 

Cypris pubera O.F. MÜLLER, 1776 

Fig. 13, A-B 

Description: Cypris pubera is a large species, more than 2.0 mm in length, with a highly arched, 

almost triangular carapace in lateral view. The ventral carapace margin is almost straight, with the 

exception of a small expansion in the mouth area. The left valve overlaps the right valve ventrally. 

The valve surface is rough. 

The anterior outer margin of the left valve is adorned with 9 to 11 denticles. The posterior outer 

margin also bears denticles, but these are much less pronounced. The anterior and posterior 

marginal zones show a well developed inner list. 

The right valve is similar, but the anterior marginal denticles are displaced away from the valve 

margin on the outside of the valve. Posteriorly the valve bares denticles that are similarly weakly 

developed to those on the left valve, with the exception of one, which has developed into a distinct 

spur. 

Ecology: C. pubera is another species that occurs both in temporary and permanent aquatic 

environments. It prefers ponds, ditches, canals, slow rivers, rice fields and the shallow littoral zones 

of lakes. It occurs in well vegetated waters as well as waters lacking any vegetation. The species is not 

found in the profundal zones of lakes (MEISCH, 2000). C. pubera can tolerate a maximum salinity of 

4‰ (STEPHANIDES, 1948).  

Ecological characterization: mesothermophilic, oligorheophilic, titanoeuryplastic and oligohalophilic. 

Distribution: Common in Central and Western Europe but rare in southern Europe. The species has a 

Holarctic distribution (Europe, central Asia, China, Africa, Turkey, the Middle East, North Africa and 

North America). 

Fossil record: Upper Miocene and Pleistocene to Recent (MEISCH, 2000). 
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Subfamily EUCYPRIDINAE BRONSHTEIN, 1947 

Genus Tonnacypris DIEBEL & PIETRZENIUK, 1975 

 

Tonnacypris tonnensis (DIEBEL & PIETRZENIUK, 1975) 

Fig. 13, C 

Description: Tonnacypris tonnensis is a large species, exceeding 2 mm in length. In lateral view, the 

carapace is elongated and attains its greatest height roughly mid-body length. The left valve overlaps 

the right valve on all sides. The ventral and dorsal margins are both roughly straight, running parallel 

to each other for much of the carapace length and the posterodorsal margin slopes steeply towards 

the posterior. The ventral valve margin is curved inwards. The carapace appears subovate in dorsal 

view and is slightly pointed at both ends. The inside of the valves shows a very broad inner lamella at 

the anterior end. The left valve shows to small ‘pegs’ on the ventral side of the inner lamella. Lists are 

lacking. 

Ecology: This species is only known from  a very limited number of recent localities and as a result, its 

ecology is not well understood. VAN DER MEEREN et al.(2009) records the species from two sites with a 

spring discharge zone and associated streams, a large lake and one temporary pond. For the 

Mongolian localities discussed in VAN DER MEEREN et al. (2009), the species was recovered at water 

temperatures of 3.5 to 12.5 °C, pH of 7.8 to 9 and conductivity 282-479 µS/cm. 

Distribution: The species is known only from relatively few localities in the north-western part of the 

Mongolian Altaï mountains (VAN DER MEEREN, 2009) and from the Kirgizian Tien-Shan mountains 

(SCHORNIKOV, 2007). 

Fossil record: Pleistocene 

 

 

Subfamily CYPRICERCINAE MCKENZIE, 1971 

Genus Bradleystrandesia BROODBAKKER, 1983 

 

Bradleystrandesia sp. 

Fig. 13, D 

Description: The recovered species is relatively large, with a carapace length measuring over 1 mm. 

The carapace is ovate in dorsal view, with a broadly rounded posterior end and a pointed anterior 

end. The left valve overlaps the right valve at both ends. As only damaged valves were found, the 

species of Bradlesystrandesia could not be determined. 

Ecology: B. fuscata is a typical species of seasonal pools in open field or woodland environments. It is 

only rarely reported from permanent waterbodies. It’s a pure freshwater species. B. reticulata also 
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prefers temporary waters, but is found in permanent waters as well. It tolerates slightly increased 

salinities of up to 5‰. B. hirsuta is generally found in similar environments as B. reticulata, but its 

ecology is poorly understood (MEISCH, 2000). 

 

 

Subfamily HERPETOCYPRIDINAE KAUFMANN, 1900 

Genus Herpetocypris BRADY & NORMAN, 1889 

 

Herpetocypris reptans (BAIRD, 1835) 

Fig. 13, E-G 

Description: A very large species of about 2 to 2.5 mm long. The carapace in lateral view is elongated 

with a more or less straight dorsal and ventral margin running parallel to each other over the middle 

section of the carapace. The left valve overlaps the right valve along the whole of the valve margin. 

The anterior marginal zone in the left valve shows a well developed list, which is less well developed 

in the right valve. 

Ecology: Herpetocypris reptans occurs in springs, swamps, ponds, lakes, ditches, slow streams and 

rivers. In lakes it is generally restricted to the shallow littoral zone, though it has been found at 

depths of up to 15 m (MEISCH, 2000). The species has been recorded from temporary pools as well as 

the hyporheic and interstitial habitats. It mostly lives on the muddy bottoms of lakes and ponds, but 

bottom type alone is probably not crucial for its occurrence (KÜLKOYLÜOGLU & VINYARD, 2000). Rather, 

vegetation type and richness may be more of a determining factor for the occurrence of H. reptans 

(BENZIE, 1989; KÜLKÖYLÜOGLU & VINYARD, 2000). The species has a preference for the macroalga Chara 

and the macrophyte Eleocharis. Studies of H. reptans in Loch Ness, Scotland, have shown a 

correlation between H. reptans abundance and Eleocharis palustris. Also, in the same study by BENZIE 

(1989) a positive correlation was found to exist between H. reptans and fine sediments containing 

woody debris and invertebrate faeces. In contrast, a strong negative correlation appears to exist 

between the presence of  aquatic mites in the genus Piona and H. reptans. 

The species has a very wide reported salinity range of 0.5 to 6.0‰ (YASSINI, 1969; USSKILAT, 1975). It 

also tolerates a broad range of dissolved oxygen values (DO 3,8-7,6 mg/L) (KÜKÖYLÜOGLU & VINYARD, 

2000). 

Adults and juveniles are found all year round, though in lower abundance in the winter months. 

Ecological characterization: thermoeuryplastic, mesorheophilic meso- to polytitanophilic or 

titanoeuryplastic and mesohalophilic. 

Distribution: A cosmopolitan species, occurring all over the world with the exception of Antarctica. 

Fossil record: Pleistocene to Recent. Specimens known from early and late glacial deposits and 

interglacial deposits (GRIFFITHS, 1995). 
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Subfamily CYPRINOTINAE BAIRD, 1845 

Genus Heterocypris CLAUS, 1892 

 

Heterocypris incongruens (RAMDOHR, 1808) 

Fig. 14, A-B 

Description: The carapace of the female is rather stout in lateral view, with a relatively highly arched 

dorsal margin. It should be noted, however, that a considerable degree of variability exists in the size 

and shape of the carapace. The anterior and posterior ends of the carapace are broadly rounded. The 

left valve overlaps the right valve at both ends as well as ventrally. The surface of the valves is 

smooth, but the outer margin of the right valves shows a row of pustules of varying number and 

shape at the anterior and posterior ends of the carapace. Males are shorter but similar in shape to 

the females.  

Ecology: H. incongruens shows a clear preference for shallow seasonal pools and temporary water 

bodies, including very small pools such as rain puddles, wheel ruts, water butts, cattle troughs, tree 

cavities, rock pools, etc. as well as small permanent water bodies. The species is rarely found in large 

water bodies. It has also been recorded in brooks and rivers, springs and underground water bodies. 

It prefers a clayey substrate lacking macrophytes, often occurring in very large numbers in shallow 

pools on clayey soil with little or no vegetation (MEISCH, 2000).  

H. incongruens tolerates increased salinities and chlorinities. In lab experiments by GANNING (1971) 

this species has been shown to survive salinities of up to 16‰. 

It also appears to be remarkably tolerant of decreased oxygen concentrations, and even appears to 

prefer water with lower oxygen levels over more oxygenated water in lab experiments (FOX & TAYLOR, 

1955).  

H. incongruens is an opportunistic, omnivorous species feeding of bacteria, algae an plant material as 

well as protozoa and invertebrates, both live and dead, including other Ostracoda, Copepoda, 

Cladocera, insect larvae and gastropods. The species has been observed feeding on the carcasses of 

dead vertebrates as well (MEISCH, 2000). 

Ecological characterization: mesothermophilic, mesorheophilic, titanoeuryplastic and oligohalophilic 

or mesohalophilic. 

Distribution: A cosmopolitan species. In Europe it is common wherever suitable habitats are found. 

Fossil record: Pleistocene to Recent. 
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Subfamily DOLEROCYPRIDINAE TRIEBEL, 1961 

Genus Dolerocypris KAUFMANN, 1900 

 

Dolerocypris fasciata (O.F. MÜLLER, 1776) 

Fig. 14, C-D 

Description: The carapace appears remarkably elongated in lateral view. The greatest height is 

located about midway through the body and measures less than half of the carapace length. Viewed 

dorsally, the carapace is slender and the right valve overlaps the left at both ends. The inside of both 

valves shows a broad calcified inner lamella at both the anterior and posterior end of the valves. The 

valve surface is smooth. 

Ecology: D. fasciata is an actively swimming species found in the littoral zone of lakes, sunny well 

vegetated ponds, swamps and other small water bodies. The species is generally associated with well 

developed macrophyte vegetation and reed belts. It has also been reported from temporary 

environments (MEISCH, 2000). It does not tolerate increased salinity levels well (HILLER, 1972). 

Ecological characterization: warmstenothermal, oligorheophilic, mesotitanophilic and euryplastic for 

pH. A purely fresh water form.  

Distribution: A widespread, though rather uncommon species throughout Western and Central 

Europe. It becomes very rare in the South of Europe and is absent from Ireland. Holarctic distribution 

(MEISCH, 2000). 

Fossil record: Pleistocene to present day. 

 

 

Subfamily CYPRIDOPSINAE KAUFMANN, 1900 

Genus Cypridopsis BRADY, 1867 

 

Cypridopsis vidua (O.F. MÜLLER, 1776) 

Fig. 14, E-G 

Description: Cypridopsis vidua has a more or less ovate carapace, roughly half a millimetre in length. 

The left valve overlaps the right valve anteriorly, while both valves are about the same length 

posteriorly. The postero-ventral marginal zone of the left valve shows a double folded inner list, 

characteristic for the genus Cypridopsis. In the right valve such a list is present as well, running closely 

to the selvage. The valve surface is covered in shallow pits. There is a considerable degree of 

variation in carapace size and shape in this species. 
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Ecology: Cypridopsis vidua is an actively swimming species commonly found in many types of aquatic 

habitat, including ponds, the littoral zone of lakes and slow rivers. It has a very clear preference for 

water bodies with a rich vegetation. In fact, Cypridopsis vidua is well known as a phytophyllic species 

(Roca & DANIELOPOL, 1991), having a very clear preference for dense vegetation. In particular its 

occurrence seems to be positively correlated to the occurrence of the macroalga Chara fragilis, 

which provides both food, in the form of periphyton growing on Chara stems, and shelter for the 

ostracod (UIBLEIN et al., 1994; 1996). In laboratory experiments it was shown to prefer Chara above 

other possible substrates. It has also been reported from temporary pools, springs and the interstitial 

groundwater.  

Like many cosmopolitan species, C. vidua shows a broad tolerance to many environmental variables. 

In lakes, it has been recorded at depths of 72 meters. It can tolerate some level of increased salinity 

(up to 8‰) and great variations in temperature and pH (KÜLKÖYLÜOGLU, 2004). It can survive in 

oligotrophic to eutrophic waters (KÜLKÖYLÜOGLU, 2005). 

Despite its wide ecological tolerance, C. vidua has a low tolerance for poorly oxygenated waters, 

surviving only a couple of days at O2-tensions of 0.1 mg/L (DANIELOPOL, 1991). This may be one of the 

reasons why the species, which is found in such a broad variety of habitats, is only rare in reed belts, 

as levels of dissolved oxygen in such an environment are often low (BENZIE, 1989; KISS, 2007)  

Ecological characterization: polythermophilic, mesorheophilic, titanoeuryplastic, phytophylic, 

oligohalophylic 

Present-day distribution: The species has a cosmopolitan distribution and is one of the most 

commonly occurring species in Europe. 

Fossil record: Lower Pleistocene to present. Cypridopsis vidua is known from both glacial and 

interglacial deposits (MEISCH, 2000) 
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Genus Potamocypris BRADY, 1870 

 

Potamocypris villosa (JURINE, 1820) 

Fig. 14, H-I 

Description: The carapace is almost triangular in lateral view, with a highly arched dorsal margin. The 

right valve overlaps the left valve dorsally. In dorsal view the carapace appears slender and almost 

spindle shaped. The right valve overlaps the left anteriorly in most cases, but the opposite is found as 

well. Similarly, the valves are about equally long posteriorly and each may overlap the other. The 

surface of the valves is smooth and is covered in long, stiff setae. 

Ecology: A common species in small water bodies, such as springs, ponds, swampy waters, cattle-

troughs, fountains, etc. It appears to have a preference for grassy waters fed by springs, brooks or 

even tap water. P. villosa is tolerant of eutrophic conditions and does not appear to have any trouble 

with mass development of planktonic algae. P. villosa does not tolerate increased levels of salinity 

(MEISCH, 2000). 

Ecological characterization: Oligothermophilic, mesorheophilic, pure freshwater form. 

Present-day distribution: Widely distributed across Europe. P. villosa has a global distribution, with 

the exception of Australia (MEISCH, 2000) 

Fossil record: Lower Pleistocene to present-day. 
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Figure 13: A-B; Cypris pubera; A, RV interior; B, LV exterior; C, Tonnacypris tonnensis, LV interior; D, Bradleystrandesia sp. 
RV interior; E-G, Herpetocypris reptans; E, LV interior; F, RV interior; G, detail of the central muscle scar cluster. 
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Figure 14: A-B, Heterocypris incongruens; A, RV interior, B, detail of the pustules on the valve margin; C, Dolerocypris 
fasciata, RV interior; D-G, Cypridopsis vidua; D, dorsal view carapace; E, ventral view carapace, F, LV interior, G, RV interior; 
H-I, Potamocypris villosa; H, carapace in left lateral view; I, dorsal view of carapace. 
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Superfamily CYTHEROIDEA BAIRD, 1850 

Family LIMNOCYTHERIDAE KLIE, 1938 

Subfamily LIMNOCYTHERINAE KLIE, 1938 

Genus Limnocythere BRADY, 1867 

 

Limnocythere inopinata (BAIRD, 1843) 

Fig. 15, A-D 

Description: This is a rather small species of about 0.5 mm in length. The carapace in lateral view has 

an almost straight dorsal margin and a ventral margin that is concave at about mid-length. In dorsal 

view, the posterior end of the carapace is more or less broadly rounded, while the anterior end is 

compressed and beak-shaped. The left valve overlaps the right valve posteriorly. Anteriorly both 

valves are more or less equal in length. Each valve shows a medio-dorsal, transverse sulcus and 

usually three tubercles. 

The valves are very thin and translucent, with a surface covered in prominent round pits and 

ornamented with a reticulated pattern of ridges. The left valves generally bares a distinct row of 3 to 

7 small marginal denticles on the postero-ventral valve edge. 

Ecology: Limnocythere inopinata occurs in a wide range of habitats including lakes, ditches, brooks, 

rivers, ponds, swamps and superficial interstitial habitats. It is found on muddy as well as sandy 

substrates. In lakes, it is primarily a species of the shallow littoral zone, though it does occur at 

greater depths (MEISCH, 2000 and references therein). BENZIE (1989) showed that in laboratory 

conditions, the species prefers macrophyte debris and invertebrate faeces as substrate.  L. inopinata 

is known from slightly salty inland and coastal water, including the Baltic Sea, and tolerates salinities 

of 0.5 to 6.7 ‰ (USSKILAT, 1975). It is very tolerant of high alkaline conditions, having been recovered 

from pools with chloride concentrations of up to 2160 mg/L (LÖFFLER, 1959). 

Ecological characterization: polythermophilic, titanoeuryplastic, rheoeuryplastic and mesohalophilic. 

Present-day distribution: A common species throughout Europe. The species has a Holarctic range, 

but also occurs in Sub-Saharan Africa, probably as an introduced species (MEISCH, 2000; MARTENS, 

1994) 

Fossil record: Pleistocene to Recent. Known from all glacial and interglacial periods of the Quaternary 

(GRIFFITHS, 1995; MEISCH, 2000; WILKINSON et al., 2005) 
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Genus Paralimnocythere (CARBONNEL, 1965) 

 

Paralimnocythere sp. 

Fig. 15, F-G 

Description and ecology: Paralimnocythere species have a characteristic carapace with a beak 

shaped anterior end in dorsal view. The surface of the valves is highly irregular and bears projections 

(dubbed ‘ala’) and sulci. 

A few valves of a Paralimnocythere species were encountered in a single sample. It was not identified 

up to species level. Judging by the look of the valves, Paralimnocythere relicta seems a likely 

candidate. P. relicta is a species with a preference for small water bodies, especially small, temporary 

pools, but also occurs in the littoral zone of lakes(MEISCH, 2000). 

Present day distribution: The genus Paralimnocythere has a palearctic distribution. P. relicta is 

known from scattered records throughout Europe. 

Fossil record: Pleistocene to present 
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Figure 15: A-E, Limnocythere inopinata: A, RV interior; B, LV interior; C, Carapace in right lateral view; D, Carapace in dorsal 
view; E, muscle scars; F-G, Paralimnocythere sp.; F. LV interior; G, RV exterior.  
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6.2. Ostracod counts and zonation 
 

6.2.1. The DVD S2 sequence 

A total of 1331 ostracod valves were counted in the DVD S2 sequence, belonging to 12 of the 18 

species described above. Paralimnocythere sp., Dolerocypris fasciata, Heterocypris incongruens, 

Ilyocypris gibba, Potamocypris villosa and Tonnacypris tonnensis were not retreived from any of the 

samples in this sequence. The number of species per sample ranges from 2 to 7. The number of 

valves per sample ranges between 4 and 470. No sediment residu was available for analysis from 

sample 3. 

Below the results of the species counts are shown as both absolute numbers of valves (Fig. 16) per 

sample and in a percentage diagram (Fig. 17) showing the number of valves of each species as a 

percentage of the total number of valves retreived from that sample.  

Figure 16: Number of ostracods per species per sample, plotted according to depth and with indication of the ostracod based zonation of 
the sequence. 
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Figure 17: (Previous page) Percentage diagram showing the ostracod counts per sample as percentages of the total number 
of valves counted in that sample. The indicated zones a-i are defined by changes in the ostracod community as found by 
visual inspection and correspondence analysis. 

 

All counts are also available in Appendix 3-4 and on the attached CD-Rom. 

Correspondence analysis of the ostracod counts for the S2 sequence at first yielded strange results. 

The samples were all clustered along a horizontal axis with the exception of sample 1. Consequently, 

sample 1 was removed from the CA and the analysis was rerun, giving us the two-dimensional 

ordination diagram below (Fig. 18). 

The first CA axis explains 50,652 % of the variance in the data. The second axis explains 22,741 % of 

the total variance. In total the first two axes of the CA explain 73,393 % of the total variance. Based 

on this CA as well as visual inspection of the ostracod percentage diagram 9 zones (a to i) were 

defined and shown on the ostracod percentage and ostracod count diagrams. Sample 1, which was 

left out of the analysis is treated as a separate zone (zone i).  

 

 

Figure 18: Two dimensional ordination diagram resulting from the application of CA on the S2 ostracod count data. The 
samples are represented by numbered black dots. Species are blue dots. Each species is given an abbreviated code. Ovals 
indcate clustering of samples and corresponding zones on the ostracod percentage diagram. Zone I is not indicated, as this 
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consists solely of sample 1, which was omitted from CA. 
The codes for the S2 species are: Br: Bradleystrandesia sp., Cca: Candona candida, Cne: Candona neglecta, Cov: Cyclocypris 
ovum; Cop: Cypria ophtalmica, Cvi: Cypridopsis vidua, Cpu: Cypris pubera, Fle: Fabaeformiscandona levanderi, Fpr: 
Fabaeformiscandona protzi, Hre: Herpetocypris reptans, Lin: Limnocythere inopinata, Pco: Pseudocandona compressa. 

 

Zone a:Zone a corresponds to a single sample (sample 18; 129-136 cm). This sample consists of 

sediment rich in plant remains. The ostracod assemblage is dominated by Candona candida and 

Candona neglecta, which comprise 39,81 % and 47,22 % of the collected valves respectively. Other 

species that show up in this zone are Cypris pubera, Fabaeformiscandona levanderi, Herpetocypris 

reptans and Pseudocandona compressa. C. pubera and F. levanderi disappear again at he end of this 

zone. 

 

Zone b: Zone b consists of samples 16 and 17 (115-129 cm). Zone b is dominated by Candona candida 

and Cyclocypris ovum, which appears in this zone. Candona candida and Candona neglecta both 

decrease in abundance, and Candona neglecta disappears completely at the end of zone b. 

Cypridopsis vidua also appears in zone b and increases in abundance towards the end of the zone. 

Small numbers of Pseudocandandona compressa and Herpetocypris reptans remain present 

throughout the zones. 

 

Zone c: Zone c (samples 11-15; 73-115 cm) is characterized by a decreasing trend in the abundance 

of Cyclocypris ovum throughout the zone and the abundance of Herpetocypris reptans, which reaches 

a peak in the lower half of zone c. Candona candida continues its downward trend in the first half of 

the zone, but peaks again in the second half. The zone is dominated by Cypridopsis vidua, which in 

sample 14 makes up 89 % of the recovered ostracods. It should be noted, though, that in this sample 

only 29 valves were counted, meaning that the results here are probably not representative of the 

actual ostracod community. Zone c covers largely marl rich deposits. Cypris pubera, 

Fabaeformiscandona levanderi and Cypria ophtalmica make an appearance, making this one of the 

more species rich zone in the sequence. 

 

Zone d: Zone d is a thin section covering a single sample (sample 10; 70-73 cm). Candona neglecta re-

appears, albeit in only small numbers, and Cyclocypris ovum increases again somewhat in abundance. 

The dominant species remains Cypridopsis vidua. 

 

Zone e: This zone consists of two samples (samples 8 and 9; 59-70 cm). Cypridopsis vidua remains 

present as a large fraction of the assemblage, but it decreases in numbers throughout the zone. 

Candona candida on the other hand shows a steady increase in abundance. It makes up nearly 60 

percent of the assemblage at the top of zone (sample 8). However, since only 12 valves were 

counted, the significance of the counts for sample 8 shouldn’t be overestimated. Herpetocypris 

reptans and Cyclocypris ovum are also present, at least in the lower half of zone e. 
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Zone f: Zone f represents a single sample, sample 7 (52-59 cm). Here we see the return of Candona 

neglecta in large numbers. It is at this point the most abundant species. Cypridopsis vidua continues 

its decline, while Cypria ophtalmica, Cyclocypris ovum and Herpetocypris reptans return briefly to the 

assemblage. Zone f is the only sample in which Fabaeformiscandona protzi appears in the S2 

sequence. Zone f is the most species rich of the entire S2 sequence, with a maximum of 7 species. 

 

Zone g: Zone g encompasses the samples 4, 5 and 6 (29-52 cm). Cypridopsis vidua disappears 

completely from the assemblage and Candona neglecta and C. candida dominate the entire zone. 

Fabaeformiscandona levanderi once again makes an appearance, as does Pseudocandona compressa. 

The number of ostracods found per sample is low throughout the zone. 

 

Zone h: This zone (samples 2 and 3; 4-19 cm) shows very low numbers of ostracods: only 7 valves 

were retreived from this zone, all of which from sample 2. The species represented are Candona 

candida, Candona neglecta and Cypridopis vidua. Sample 2 corresponds to the thin peat deposit at 

the top of the lake sequence. 

 

Zone i: Zone I (sample 1; 0-4 cm) represents a thin layer of marl between the peat layer of zone h and 

the top soil (which was not sampled in this sequence). Only four ostracod valves were found, 

belonging to Candona candida, Candona neglecta and Limnocythere inopinata. This is the only 

sample of the S2 sequence containing Limnocythere inopinata. 
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6.2.2. The DVD S4 sequence 

From the samples of the S4 sequence, 3099 ostracod valves were counted. The number of individual 

valves per sample ranges from 4 to 1113. The number of species per sample ranges from 1 to 9. All of 

the 18 species recovered were present in the S4 sequence. No sediment from sample 4 was available 

for ostracod analysis. Fig. 19 shows the absolute valve counts per sample. Fig. 20 shows the 

percentage diagram. 

 

 

Figure 19: Number of ostracod valves per species per sample for sequence DVD S4. 
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Figure 20: (Previous page) Ostracod diagram showing the counts for each species as a percentage of the total amount of 
valves identified from each sample. 

All counts are also available in Appendix 3-4 and on the attached CD-Rom. 

Initially, application of CA to the Ostracod count data obtained from the S4 sequence yielded 

confusing results. All samples clustered together along a vertical axis, with the exception of the far 

removed sample number 1, which contains nothing but 4 valves of the species Heterocypris 

incongruens. This species  is only found in sample 1. Because of these strange results, the CA was 

repeated without sample 1, yielding the ordination diagram shown in Fig. 21. The first axis explains 

48,289% of the total variance. The second axis explains 34,11%. Together the two axes explain 

72,399 % of the total variance. 

 

Figure 21: Ordination diagram obtained by performing correspondence analysis on the ostracod count data from sequence 
S4. Black dots indicate samples. Blue dots correspond to species. Each species was given an abbreviated code. Ovals 
indicate clusters and corresponding ostracod zones (ZA-ZF). Zone G consists of sample 1, which was omitted from the CA. 
The species codes are: Br: Bradleystrandesia sp., Cca: Candona candida, Cne: Candona neglecta, Cov: Cyclocypris ovum; Cop: 
Cypria ophtalmica, Cvi: Cypridopsis vidua, Cpu: Cypris pubera, Dfa: Dolerocypris fasciata, Fle: Fabaeformiscandona 
levanderi, Fpr: Fabaeformiscandona protzi, Hre: Herpetocypris reptans, Igi: Ilyocypris gibba, Lin: Limnocythere inopinata, 
Par: Paralimnocythere sp., Pvi: Potamocypris villosa, Pco: Pseudocandona compressa, Tto: Tonnacypris tonnensis. 
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Visual inspection of the Ostracod percentage diagram (Fig. 20) and the CA analysis lead us to define a 

zonation for the S4 sequence with 7 ostracod zones (A-G, indicated on the ostracod diagrams). Zones 

D and F consist of the clusters formed by samples 1 6 to 11 and 2 to 3 respectively. Zone E consists of 

samples 4 and 5. In reality, no data was available for sample 4, as no ostracods were present in this 

sample. It was decided to nevertheless cluster 4 and 5 together as they both represent deposits rich 

in organic material, in contrast to the marl sediments of samples higher or lower in the sequence.  

 

 

Overview of the S4 ostracod zonation: 

Zone A: This zone is composed only of the lowest sample in the sequence, sample 14 (157-164 cm 

deep). Only 12 ostracod valves were found in this sample: 7 valves of Candona neglecta, 4 valves of 

Candona candida and a single valve of Tonnacypris tonnensis. T. tonnensis is unique to this sample, 

having been found in no other samples of the S4 sequence and completely absent from the other 

sequence. The sediment is sandy, with some plant macro-remains. 

 

Zone B: Zone B again comprises only a single sample, sample 13 (147-157 cm). This sample is 

remarkable, as it is the most diverse of the entire S4 sequence, containing a total of 9 species, many 

of which only found in this sample. Within the S4 sequence, Ilyocypris gibba, Potamocypris villosa, 

and Pseudocandona compressa were unique to sample 13. Sample 13 also contained the only 

recorded specimens of Paralimnocythere sp. for this study. 

The assemblage at this point is dominated by Cyclocypris ovum, which makes up over 70 percent of 

the recovered ostracod valves. Cypridopsis vidua, which, as we will see, dominates a large part of the 

entire sequence, was only represented by a single carapace (2 valves). The ostracod percentage 

diagram also shows a regional spike for both Candona species. Cypria ophtalmica was also recorded. 

The sample also contained a large number of valves identified as juvenile candonids (152 valves). 

 

Zone C: Zone C is another zone representing a single sample (sample 12, 142-147 cm). Only a 

moderate amount of ostracods were retrieved from this sample (81 valves). Cypridopsis vidua and 

Cyclocypris ovum together make up for most of the ostracod valves in the sample ( ca. 47 and 49 % 

respectively). Zone C is the only sample besides sample 13 in which Cypria ophtalmica was found (at 

least in S4). Candona candida was also found. The sediment consists of sand and large amounts of 

plant matter. 

 

Zone D: The broadest of the defined zones, zone D represents samples 6 to 11 (80-142 cm). For the 

most part, these samples contain sediment rich in lake marl. The zone is dominated by Cypridopsis 

vidua, which comprises more than 50 percent of the ostracod assemblage throughout zone D.  

Bradleystandesia sp., Herpetocypris reptans, Cypris pubera, Dolerocypris fasciata and Limnocythere 

inopinata are all retrieved for the first time. Cyclocypris ovum occurs in much lower numbers than in 
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the preceding zones, though it does show a local peak in sample 8. It is remarkable to note a 

decrease in Cypridopsis vidua abundance in the central part of zone D (sample 7 and 8), which 

appears to correspond to an increase in Cyclocypris ovum, Candona candida and Candona neglecta 

show an increase and with the appearance of many newly occurring species (notably Herpetocypris 

reptans, Cypris pubera and Limnocythere inopinata). 

 

Zone E: Zone E corresponds to samples 4 and 5 (67-80 cm). It must be kept in mind, though, that no 

sediment for sample 4 was available for ostracod analysis and that this zone is therefore somewhat 

artificial. Samples 4 and 5 were grouped together because they make up similar layers in the 

stratigraphic profile of the Moervaart trench, both being rich in peaty organic material. It is perhaps 

noteworthy that, when studying these same samples for malacological analysis, Lynn Serbruyns 

found that the molluscs in sample 4 were highly fragmented and often unrecognizable, possibly as a 

result of peat compression (SERBRUYNS, 2010). This may explain why no ostracods  could be retreived 

for ostracod analysis. 

Sample 5 shows a marked decrease in the abundance of Cypridopsis vidua. At the same time, 

however, we observe a peak in Herpetocypris reptans and Candona candida numbers. Cypridopsis 

vidua, Herpetocypris reptans and Candona candida were the only species present in sample 5. Note 

that only 29 valves were counted and that these results are therefore not necessarily representative 

of the ostracod community.  

 

Zone F: Zone F consists of samples 2 and 3 (21-67 cm) and once again contains mostly lake marl. This 

zone covers most of the Allerød depositions in the trench profile. Zone F is dominated by Candona 

neglecta, and to a lesser extent Candona candida. Cypridopsis vidua remains present, but makes up 

only a small percentage of the ostracod community. Cyclocypris ovum, Herpetocypris reptans and 

Limnocythere inopinata make a reappearance and two new species show up for the first time: 

Fabeformiscandona protzi is present in the lower half of zone F, while F. levanderi makes its 

appearance at the end of the zone. Both are represented only by small numbers of valves. 

 

Zone G: Zone G consists only of the top sample (sample 1, 0-21 cm). This sample contains the top soil 

overlaying the lake sediments. Only a small number of valves, all identified as Heterocypris 

incongruens, were retrieved from this sample. This is the only sample in which Heterocypris 

incongruens makes an appearance. 
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6.3. Results of the MOTR analysis 
 

6.3.1. Sequence DVD S2. 

Applying the MOTR method on the assemblages of the S2 sequence gives us the temperature ranges 

plotted in the graphs in Fig. 14 and 15. Graph 22 shows the temperature range for the mean January 

temperature. The lower limit of the January range remains fairly constant, varying between -8 and -

10 °C for most of the sequence. A notable exception is the striking negative peak of -32 °C around 

sample 8. Considerably more variation is observed in the maximum January temperature, which 

ranges from 1 to 14 °C. 

 

Figure 22: OTC (in °C, horizontal axis) plotted against corresponding sample depth (in cm, vertical axis) for each of the 
samples of the S2 sequence 

 

The estimated temperature range for July similarly shows less pronounced variation at the lower end 

of the range, varying between 8 and 12 °C over the entire sequence,  with a plateau of 10 °C around 

samples 16, 15, 14 and a plateau of 11 °C at samples 7,6,5. The maximum value for mean July 

temperature ranges from 19 to 26 °C.  
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Figure 23 OTW (in °C, horizontal axis) plotted against corresponding sample depth (in cm, vertical axis) for each of the 
samples in the S2 sequence 

 

6.3.2. Sequence DVD S4 

The ostracod-inferred temperature ranges from the DVD S4 sequence are given in the graphs below. 

Fig. 17 gives the obtained range for mean January temperature. Fig. 18 gives the range for mean July 

temperatures.  

 

Figure 24: OTC (in °C, horizontal axis) plotted against sample depth ( in cm, vertical axis)for all of the samples in the S4 
sequence 
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The minimum January temperature ranges from -32 to -8 °C. The line graph shows three distinct 

minima corresponding to samples 11, 7 (both -32 °C) and 1 (-31 °C). Between these minima are 

plateaus of -8°C (samples 13 to 12, samples 10 to 8 and samples 6 to 2). The January maximum 

temperature for this sequence ranges from 1 to 18 °C. 

 

Figure 25: OTW (in °C, horizontal axis) plotted against sample depth (in cm, vertical axis) for all of the samples in the S4 
sequence 

The minimum July temperature ranges from 7 to 12 °C, while the maximum temperature shows 

values between 19 and 26 °C. The ranges are generally quite wide and a clear trend is absent.  

 

All of the MOTR results are discussed in more detail in the section ‘Discussion’. The recovered 

temperatures are also available in Appendix 5 and on the attached CD-rom. 
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7. Discussion 

7.1. Palaeoenvironmental interpretation of the ostracod fauna. 
 

To conclude anything on the palaeoenvironment based on the ostracod  valves retrieved from the 

sediment, one has to assume that all the ostracods were indeed autochthonous to the assemblage. 

Given that most samples contained a good mix of adults and juveniles and held plenty of complete 

carapaces, we are likely safe in making this assumption. 

All of the investigated assemblages are mainly composed of species with a very wide ecological 

range. This prevalence of more or less generalist ostracods makes it difficult to ascribe changes in 

community to changes in any particular environmental parameter with certainty. Nevertheless, some 

trends can be noted. In the following discussion I attempt to sketch a scenario of the lake’s evolution 

building on the changes in the ostracod community. This will be mostly based on the results of the S4 

sequence, as this contained the most valves and the most species and is probably more 

representative of actual ostracod communities.  

 

Pleniglacial and the start of the Bølling 

Both of the sequences show a similar evolution in the composition of the ostracod fauna. The 

According to earlier pollen analysis, the bottom of the sequences can be traced back to the 

Pleniglacial. In the bottom sample of the S4 sequence (Zone A, Sample 14) , which corresponds to 

pleniglacial sandy deposits, only very few ostracod valves were uncovered (12 valves in total). 

Interestingly, this sample contains the only specimen of Tonnacypris tonnensis recovered. This 

species, known mainly from Pleistocene glacial deposits (VAN DER MEEREN et al., 2009 and references 

therein), is generally considered a strong indicator for cold climatic conditions (PARFITT et al., 2010), 

which is what one would expect from Pleniglacial sediments. Both other species, Candona candida 

and C. neglecta, are species which will thrive under almost any conditions, though they do both show 

a preference for colder waters. Following this early stage, we see the establishment of a relatively 

species rich community dominated by Cyclocypris ovum in both sequences (Zone B/Zones a & b).  

Cyclocypris ovum, Pseudocandona compressa, Cypria ophthalmica, Candona candida and Candona 

neglecta are all species with a great tolerance for low-oxygen conditions (DELORME, 1991; MEISCH, 

2000; KISS et al., 2007). Furthermore, the great abundance of the phytophilous species Cyclocypris 

ovum is indicative of a well vegetated habitat. C. ovum is one of the most common ostracods in reed 

belts and also reaches great abundances in waters with Characeae and/or Myriophyllum (KISS et al., 

2007). The latter plant species was found in some abundance in the Moervaart lake pollen record at 

this time, together with Equisetum (CROMBÉ et al., in press; GELORINI et al., in progress). 

Candona candida, C. ovum, P. villosa and P. compressa are species representative of the Late Glacial 

“candida” fauna (ABSOLON, 1973; GRIFFITHS & EVANS, 1995). This fauna, which consists largely of 

benthic species with desiccation resistant life stages, has been considered indicative of low 

temperatures and oligotrophic conditions (GRIFFITHS, 2001). The co-occurrence of C. candida with 

other more or less eurytopic species (C. ovum, C. ophthalmica) is probably indicative of either a 

colonisation phase or a stressful, unsuitable environment which precludes colonisation by more 
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specialized species (GRIFFITHS, 1995). 

The image that emerges of the Moervaart Depression at the end of the Pleni-glacial is one of a 

densely vegetated, possibly marsh-like environment, perhaps with occasionally or locally occurring 

low-oxygen conditions. Potamocypris villosa, a species with a preference for shallow, grassy waters, 

also occurred at this time. The occurrence of P. villosa is particularly interesting, as this species is very 

much a pure fresh water form and, as such, is indicative of very low salinity at this point in the lake’s 

history. Furthermore, P. villosa is generally considered an indicator of waters fed by springs, streams 

or other flowing waters (e.g. SOHAR & MEIDLA, 2010; VIEHBERG, 2006). This suggest that the lake was 

fed, at least temporarily (e.g. seasonally), by flowing water. 

Conditions as derived from the ostracod fauna fit reasonably well with those indicated by the 

vegetation, diatoms and molluscs. Like the ostracod fauna, both the mollusc and diatom 

communities consist mainly of pioneer species, indicative of a somewhat unstable colonization phase 

in the lake’s early development, while the vegetation consists mostly of marshland species (CROMBÉ 

et al., in press) 

 

Bølling and Older Dryas 

In the following layers (Zones CD/Zone c), we observe a marked decrease in the relative abundance 

of C. ovum. Cypridopsis vidua quickly becomes the dominant species. Like C. ovum, this is a species 

generally associated with well vegetated environments. It has a wide ecological range and is tolerant 

to great variation in pH and salinity, but it is very sensitive to low levels of oxygen (KÜLKÖYLÜOGLU, 

2004). As mentioned earlier, a close relationship has been found to exist between this species and 

the macrophyte Chara, the periphyton growing on Chara being C. vidua’s preferred source of food 

(ROCA et al., 1993). It is therefore unsurprising that the species is so abundant in the lake marl 

deposits, which are very rich in Chara fossils. Furthermore, the great abundance of C. vidua is likely 

an indication of a warmer period as C. vidua is a polythermophilic species, meaning that it prefers 

warmer waters. Another species present throughout this Cypridopsis dominated period is 

Herpetocypris reptans. This species was also shown to prefer Chara as a food source (in this case old 

Chara)(BENZIE, 1989). In the first part of this Cypridopsis dominated phase of the S4 sequence, we see 

a single occurrence of Dolerocypris fasciata, a species fond of rich macrophyte associations and reed 

beds and which is typically considered a warm stenothermic species, in other words a species that 

prefers more or less permanently warm waters (MEISCH, 2000). All indications are that this is a 

relatively warm phase. As some authors have noted 

 

Allerød 

At the start of the next phase we see a strong decrease in Cypridposis vidua. During the rest of the 

sequence, we see the development of a community dominated by the candonids Candona candida 

and Candona neglecta. Fabaeformiscandona levanderi and F. protzi show up in both sequences and 

Pseudocandona compressa is observed in the S2 sequence. F. levanderi is often considered indicative 

of cold, arid conditions and F. protzi, a cold stenothermic species, is also an indicator for cold climatic 
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conditions. The dominant species C. candida and C. neglecta both prefer colder waters as well, 

though these species show a very broad tolerance for temperature. 

The decrease in C. vidua abundance and establishment of a C. neglacta-dominated fauna might be a 

change in water level and/or vegetation. Communities dominated by C. neglecta are sometimes 

considered indicative of sublittoral conditions, with C. neglecta being a species common in open 

water environments, on sandy deposits devoid of vegetation (BELIS, 1997; LÖFFLER, 1997; KISS, 2007). 

The establishment of a C. neglecta dominated fauna therefore fits reasonably well with observations 

regarding vegetation and diatom assemblages, which indicate an increase in lake level and a 

regression of the aquatic flora throughout the Allerød. 

In the mollusc record, the abrupt appearance of the frost-sensitive species Bythinia tentaculata in 

the Allerød points to an increase in temperature (van Damme et al., in progress). Similarly, in the 

pollen record, an increase in the pollen of aquatic plant species (e.g. Nymphaea), indicates warming 

and a risein lake level during the early part of the Allerød (CROMBÉ et al., in press; GELORINI et al., in 

progress). In the later part of the Allerød, however, diatoms and pollen indicate a regression of the 

vegetation and decreasing lake levels, possibly related to the Intra Allerød Cold Period (DEMIDDELE, 

unpublished data, CROMBÉ et al., in press; DONNELLY et al., 2005). Climatic instability and the Intra 

Allerød Cold Period may explain the dominance of cosmopolitan, generalist species and the presence 

of cold water indicators uring the Allerød. 

 

Holocene 

The top soil layer was only sampled in the S4 sequence. This layer is composed of fairly recent 

Holocene soil, not part of the palaeolake sediments. The only Ostracod species present was 

Heterocypris incongruens, a typical species of small puddles and seasonal pools in grasslands. 

 

 

7.2. Comparison with other European lakes 
 

In Europe, palaeoecological studies using Ostracoda for the reconstruction of late-glacial and 

Holocene environmental conditions have been performed mainly in northern, central and eastern 

Europe (e.g. VIEHBERG, 2004; NIINEMETS & HANG, 2009; WILKINSON et al., 2005; SCHARF et al., 2005; 

KULESZA et al., 2011; LÖFFLER, 1986; 1997; ROCA & JULIÁ, 1997; BELIS, 1997; SOHAR & KALM, 2008). As a 

result, many of these investigated lakes are located in regions with a more continental climate or are 

large, deep lakes in mountainous terrain, and therefore their ecology may not be comparable to that 

of the shallow Moervaart Depression palaeolake. Still, when looking at the composition of Late-

Glacial and early Holocene ostracod assemblages, we see that much of the same species were 

encountered as those found in the Moervaart sediments. 

KULESZA et al. (2011) performed a multi-proxy study on sediments from Lake Słone in South-East 

Poland, investigating lithology, pollen, molluscs and ostracods. The deposits from Lake Słone dated 
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from the Older Dryas, when the lake developed, to the early Holocene. In the Older Dryas, during 

Lake Słone’s early development, only species inhabiting bottom sediments (Candona candida, 

Pseudocandona compressa, Fabaeformiscandona protzi) were present. This was considered 

indicative of cold conditions and low trophic status of the water (KULESZA et al., 2010). This is 

followed by an increase in both the number of species and total ostracod numbers. Darwinula 

stevensoni, Metacypris cordata, Cyclocypris laevis and Cyclocypris ovum appeared and Limnocythere 

inopinata colonized the shallow littoral zones. This was considered the consequence of an increase in 

temperature, and consequently water level, in the early stage of the Allerød. During the Younger 

Dryas, the ostracod fauna largely disappeared, although locally, relatively species rich communities 

dominated by Cypridopsis vidua developed. Finally, in the early Holocene, the ostracod fauna was 

dominated by the thermophilous species Metacypris cordata. Ostracod communities at this time 

(Preboreal) were species rich and the rare warm water species Potamocypris variegata was present. 

The early stages of Lake Słone’s development, from the Older Dryas until the Younger Dryas, show a 

succession of ostracod communities similar to what we observe in the Moervaart Lake sequence, 

from the Pleniglacial until the end of the Older Dryas: both lakes go through a stage dominated by 

species favouring cooler, oligotrophic conditions, and as the lake level rises, ostracod abundance and 

species richness increase. The presence of C. vidua dominated communities in both lakes (during the 

Younger Dryas in lake Słone, and during the Bølling and Older Dryas in the Moervaart Depression) is 

remarkable, as this species is only rarely the dominant species in modern ostracod faunas (MEISCH, 

2000). That this species became dominant in both these lakes is likely linked to the abundance of the 

macrophyte Chara. The later stages of the two lakes, however, differ significantly. In the Moervaart 

Depression, we see the development of a community of benthic, mostly sublittoral species, while in 

Lake Słone, M. cordata, a thermophilous, vegetation loving species, becomes dominant. 

VIEHBERG (2004) described changes in the ostracod fauna in the late-glacial and Holocene deposits of 

Lake Krakower See, Germany. While this record for the most part covers a time period later than that 

of the Moervaart sediments, starting in the Allerød and continuing into the Holocene, it is interesting 

to note that the assemblages of the Allerød/Younger Dryas contained many of the same species that 

were encountered in the Moervaart deposits, including Fabaeformiscandona protzi, Cyclocypris 

ovum, Herpetocypris reptans, Pseudocandona compressa, Cadona candida and Candona neglecta. 

These species are all representatives of the ‘candida’-fauna (ABSOLON, 1973), also referred to as the 

‘neglecta’ fauna by GUNTHER (1986), or of a transitional fauna between the late-glacial ‘candida’ and 

Holocene ‘cordata’ faunas (SOHAR, 2010). 

In western Europe, the most important publications concern work done in the British Isles (e.g. 

WALKER et al., 1993; JONES et al., 2000; DAVIES & GRIFFITHS, 2005; HOLMES et al., 2010). JONES et al. 

(2000) described the Late Devensian and early Holocene pollen, molluscan and ostracod assemblages 

from the sediments of an infilled kettle-hole lake in Northumberland, UK. The Devensian is a term 

used by geologists working in the British Isles to denote the most recent Ice Age. The late-Devensian 

corresponds to the period from the Older Dryas until the end of the Younger Dryas. In the oldest part 

of the lake’s sedimentary sequence, the ostracod communities recovered consisted primarily of 

Candona neglecta, C. candida and the deep water species Cytherissa lacustris (JONES et al., 2000; 

HENDERSON, 1990). Then, a period with nearly no ostracods was found, probably caused by hostile 

environmental conditions during the Younger Dryas. Hereafter, an ostracod fauna dominated by C. 

candida and C. neglecta appeared, followed by the gradual decline of both Candona species and the 

appearance and increase in abundance of C. laevis, C. vidua and Notodromas monacha. The authors 
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offered a drop in lake level or a decline in fine mud substrates (possibly resulting from an increase in 

coarse Chara debris on the lake bottom) as possible explanations for this faunal change. For the rest 

of the sequence, the presence of C. vidua and Herpetocypris reptans indicate increasing vegetation 

and finally the appearance of Darwinula stevensoni indicated the development of a wetland 

environment. It’s interesting to note that the change from a C. neglecta dominated fauna to a fauna 

with C. vidua, C. candida, C. laevis and H. reptans during the Boreal is the reverse of the change that 

was observed at the start of the Allerød in the Moervaart Depression sequence.  

 

7.3. Temperature reconstruction using the Mutual Ostracod Temperature 

Range method 
 

7.3.1. Sequence S4 

At the bottom of the S4 sequence, the assemblage of sample 14 gives us a temperature range of -10 

to 9°C. This is a very wide range, due to the fact that only two species (C. candida and C. neglecta), 

both with broad temperature tolerances, were included in the analysis. Tonnacypris tonnensis, a 

single valve of which was encountered in the sample, was left out of the analysis despite being 

considered a good indicator of cold climatic conditions. No overlap could be found between this 

species known January temperature range (-22 to -20°C) and that of C. neglecta (-10 to 13°C) and 

thus no MOTR could have been constructed with T. tonnensis included in the analysis. The lack of a 

mutual overlap in the temperature ranges of species within a single assemblage may have several 

explanations. First of all, there is a possible time averaging effect: it must be kept in mind that each 

sample can contain species which did not occur at exactly the same time in the same place. A second 

explanation might be that the fossils only ended up in the assemblage together as the result of 

reworking. VERBRUGGEN (1971) did find that the pleniglacial sand deposits of the Moervaart contained 

pollen of pre-Weichselian origin. Similarly, SERBRUYNS (2010) notes the possibility that the small 

number of badly damaged molluscs found at this level in the sediment sequence may have been 

added either from older deposits, like the pre-Weichselian pollen, or from younger deposits, through 

bioturbation. There is, however, no evidence of bioturbation in this part of the S4 sequence. Finally, 

it may be that the data on the species’ modern distribution and temperature range is simply 

incomplete or does not reflect the species’ real temperature tolerance. This is almost certainly the 

case here. The distribution and ecology of C. candida and C. neglecta are both fairly well 

documented. T. tonnensis, however, is a very poorly documented species. In fact, for a long time, T. 

tonnensis was only known from fossil specimens and was thought to have gone extinct in the 

Pleistocene. Only recently the species was rediscovered alive in Central Asia (SCHORNIKOV, 2007; VAN 

DER MEEREN et al., 2009). As a result, T. tonnensis is only known from a small number of recent 

localities in Mongolia and Kyrgyzstan (VAN DER MEEREN et al., 2009; SCHORNIKOV, 2007) and thus has a 

very restricted known temperature range. Since the species is commonly encountered in glacial 

deposits and given what we do know of its present-day ecology, T. tonnensis is probably correctly 

considered an indicator of cold, arid climates. It seems therefore likely that if more complete data for 

this species were available and included in this analysis, the resulting temperature range would be 

situated at the lower end of the current range. The minimum values for both the January and July 

ranges, however, would not change. 
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Sample 13 has the most species of any sample in either sequence. While one could expect a more 

precise, less broad mutual temperature range for assemblages with a greater species diversity, this 

need not necessarily be the case. After all, an assemblage containing only 2 or 3 species, that are all 

stenothermal, will be more informative than an assemblage composed entirely of eurythermal 

species. In this case, however, we do see a narrowing of both the January and the July temperature 

ranges. The January temperature range is -8 to 6°C and is constrained by Pseudocandona compressa 

and Cypria ophthalmica. The July range (11 to 22 °C) is constrained by P. compressa and 

Potamocypris villosa.  

Samples 12 to 8 have been identified as being of Bøllling origin. The samples 12 and 11 both show a 

summer maximum temperature range between 9 and 26 °C. This range is defined by Candona 

candida and Cypridopsis vidua. The January temperature range lies between -8 and 9°C for sample 

12, where it is constrained by the species C. ophthalmica and C. candida, and between -32 and 9°C 

for sample 11, where C. vidua and C. candida determine the limits of the temperature interval. The 

rather extreme negative peak for minimum January temperature (-32°C) is caused by the very wide 

temperature range of C. vidua. This negative peak may not represent an actual cooling, but merely 

reflects the lack of temperature specific species at this level in the sequence, resulting in a very wide 

temperature range. 

For the rest of the Bølling samples, the July  temperature ranges remain fairly constant: 10 to 25°C 

for sample 10; 12 to 24°C for sample 9 and 12 to 24°C for sample 8. Similarly, the January range for 

corresponding to these samples remains fairly constant: -8 to 14 for sample 10, -8 to 8 for sample 9 

and -8 to 9 for sample 8. 

Samples 7 and 6 of the S4 sequence should correspond, according to the trench stratigraphy, to the 

Older Dryas. While one would expect a cooling to occur, no unambiguous evidence of such a cooling 

is evident from the ostracod record. July temperature ranges are similar to those of the preceding 

period (9 to 26°C for sample 7; 10 to 25°C for sample 6). Once again, an extreme negative peak is 

observed in the minimum January temperature corresponding to sample 7. While it may be tempting 

to think that this is an Older Dryas signal, this is probably once again more the result of the wide 

ecological tolerance of the species involved (in particular C. vidua) and not so much of an actual 

cooling (though it should be noted that the wide temperature range certainly allows for such a 

cooling to have taken place). It should also be noted that sample 7 held only a small number of 

individual ostracods and that both sample 7 and 6 only contained 2 species of ostracod each (sample 

7: C. vidua and C. candida; sample 6: C. vidua and Herpetocypris reptans). It is therefore possible that 

these assemblages do not reflect the actual ostracod communities at the time. On the other hand, 

the very low diversity itself may be a sign of adverse climatic conditions (cooling, drying, more 

continental climate) as has been noted by LEMDAHL (2000) regarding Late Glacial and early-Holocene 

beetle assemblages from western Norway. 

The temperature ranges corresponding to sample 5 are in the same neighbourhood as those of the 

preceding samples: between 10 and 25°C for July temperature (constrained by H. reptans alone) and 

between -8 and 9 for January temperature (constrained by C. candida and H. reptans). For sample 4 

no temperature ranges could be constructed. 

For the assemblages of sample 3 and 2, we find somewhat lower maximum values for both the July 

and January mutual temperature ranges (sample 3: 11 to 21 °C for July and -8 to 3 for January; 
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sample 2: 12 to 19°C for July and -8 to 1°C for January). This is caused by the presence of 

Fabaeformiscandona protzi in sample 3 and of F. levanderi in sample 2. 

Sample 1, which corresponds to Holocene sediments from when the lake had already disappeared, 

only contained a small number of Heterocypris incongruens valves. As a result, the temperature 

range corresponding to this sample is merely the full temperature range of H. incongruens. 

 

7.3.2. Sequence S2 

The temperature ranges derived from the ostracod assemblages from sequence S2 remain fairly 

constant throughout the entire S2 sequence. At the very bottom of the sequence, in the samples 

corresponding to the Pleniglacial (samples 18, 17 and 16), we see a gradual increase in maximum July 

temperature, as well as in both maximum and minimum January temperatures. In sample 18, the July 

mutual temperature range (between 11 and 19°C) was constrained by Fabaeformiscandona 

levanderi, while the January mutual temperature range (-10 to 1°C) was determined by Candona 

neglecta, Pseudocandona compressa and F. levanderi. In sample 17, F. levanderi was no longer found, 

and the mutual January temperature range is defined by C. neglecta and P. compressa, while the July 

temperature range is constrained by P. compressa and Cypridopsis vidua. It would be tempting to 

assume that the increase in temperature - particularly that of the January temperature range - is a 

signal of the warming at the end of the Pleniglacial, going into the Bølling interstadial. While this is 

certainly possible, some caution is advised, as the number of valves counted is rather low (for the 

entirety of the S2 sequence, in fact) and F. levanderi in particular was only represented by a small 

number of valves. It is therefore possible that its presence in the sedimentary sequence at the level 

of samples 17 and 16 was overlooked. 

Samples 15 and 14 both show mutual July temperature ranges between 10 and 25°C, constrained by 

H. reptans. January temperature lay between -8 and 9°C in sample 15, as determined by H. reptans 

and C. candida, and between -8 and 14°C in sample 14, where H. reptans and C. ovum constrained 

the mutual temperature range. In sample 13, both the January and the July upper temperature limits 

were lower than in the temperature ranges of the preceding samples, with a maximum January 

temperature of 1°C, corresponding to the maximum January temperature of F. levanderi, and a 

maximum July temperature of 19°C (also determined by F. levanderi).  

For samples 12 to 9, once again January temperature ranges between -8 and 9°C were found, and 

July temperature ranges also remained fairly constant (between 10 and 25°C for samples 12, 11, 9, as 

determined by H. reptans; between 9 and 26°C in sample 10, determined by C. candida and C. vidua). 

The July temperature range corresponding to sample 8 is the same as that in sample 10. The January 

temperature range, however, is very wide (between -32 and 9°C), which reflects the fact that only 

two species were present in this sample (C. candida and C. vidua), both of which are known to have 

wide ecological tolerances. 

For the ostracod communities in samples 7 to 4, the reconstructed mutual temperature ranges have 

lower maxima than in the surrounding samples. For sample 7, the July maximum is 21°C  and the 

January maximum is 3°C, due to the the presence of Fabaeformiscandona protzi. For samples 6 and 

5, the presence of F. levanderi indicates that the mean January temperature did not exceed 1°C, 

while the mean July temperature did not exceed 19°C. Finally, at the time the material from sample 4 
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was deposited, the mean July temperature did not exceed 22°C, while the mean January 

temperature did not exceed 6°C, as indicated by the presence of Pseudocandona compressa. 

No temperature range was calculated for sample 3. Samples 2 and 1 both showed temperature 

ranges similar to those of earlier samples (9 to 26°C and 12 to 26°C for July; -10 to 9°C for January). 

 

7.3.3. General discussion 

Throughout both sequences, the MOTRs are rather wide temperature ranges for most samples. This 

is a direct consequence of many of the recovered species having very wide temperature ranges (e.g. 

Candona candida, Cypridopsis vidua), with very few species being stenothermic, as well as the 

comparatively low species diversity in many of the samples, especially in the S2 sequence. As a 

result, any clear trends, such as those hinted at by calculation of temperature indices based on 

mollusc assemblages (SERBRUYNS, 2010) could not be unambiguously recovered. 

We can, however, compare present temperatures with the constructed MOTRs. According to the 

KMI, present day mean July temperature is 18,4°C and the mean temperature for January is 3,3°C 

(based on measurements taken from 1981 to 2010). These temperatures lie within the constructed 

temperature ranges for most of the sequence. However, for the ranges associated with samples 18, 6 

and 5 in the S2 sequence, and sample 2 in the S4 sequence, the present day January temperature is 

higher than the January Tmax (1°C). Application of the MOTR on sample 7 of the S2 sequence yielded a 

maximum mean January temperature of 3°C. Consequently, winter temperatures during the 

corresponding timeperiods, situated in the Pleniglacial and Allerød, were most likely colder than 

those of the present. 

When applying the Mutual Ostracod Range method, and any other mutual climate range method, it 

is important to keep in mind exactly what one is doing. This method should only be used to estimate 

the temperature ranges within which a fossil assemblage could have existed. At present, it cannot be 

used to assign a higher probability to a narrower range or even a point estimate within the recovered 

mutual temperature range (for instance by calculating a mean), as the MOTR method (and the basic 

MCR approach in general) does not take the variation in occurrence of species within their climatic 

range into account (BRAY et al., 2006, HORNE & MEZQUITA, 2008). 
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8. Conclusions 
 

The Moervaart palaeolake sediments yielded a well preserved ostracod assemblage reflecting some 

of the environmental changes which occurred in the Moervaart Depression between the Pleni-Glacial 

and the end of the Late Glacial. In both the S4 and the S2 sequence three broad phases in the lake’s 

development could be distinguished. 

The oldest, pleniglacial sediments showed a relatively diverse ostracod fauna consisting mainly of 

pioneer species (Candona candida, Cyclocypris ovum, Cypria ophthalmica) with a broad tolerance to 

many environmental parameters. These species likely reflect an environmentally somewhat unstable 

period in which the Moervaart Depression developed from a shallow marsh environment to a large 

permanent waterbody with a rich vegetation. Salinity of the water was likely very low and the lake 

may well have been fed by some form of flowing water. Conditions were likely cold or cool and the 

water oligotrophic. 

The following phase, attributed to the Bølling, appears to have been a warmer period, as evidenced 

by the presence of Limnocythere inopinata, Dolerocypris fasciata and the highly abundant 

Cypridopsis vidua. The Moervaart Depression at this time was a well oxygenated freshwater lake with 

a rich vegetation. No unambiguous signs of an Older Dryas cooling event were found. 

In the Allerød, we get an ostracod community dominated by benthic, more or less sublittoral forms 

and a strong decline in C. vidua abundance. This was likely the result of a regression of aquatic flora 

in the second half of the Allerød, an increase in lake level or cooling. The latter seems unlikely, given 

the pollen and mollusc record at the site. Some indicator species for colder, arid conditions were 

present in the Ostracod record (Fabaeformiscandona levanderi, F. protzi), but they were only found 

in small numbers. The sequence ends with a layer of Holocene soil, in which some valves of 

Heterocypris incongruens were found, signalling the lake’s disappearance. 

The temperature reconstruction using the MOTR method yielded temperature ranges for July and 

January for the duration of the lake sediment sequence. These ranges were rather wide as a result of 

the poor species diversity in individual samples and the fact that most of the recovered species have 

very wide ecological tolerances. Even those species with a preference for warmer water are often 

capable of surviving cold conditions. Nevertheless, we consider the MOTR method a potentially 

useful tool in palaeoecology as it provides a set of limits within which temperature changes occurred. 

Furthermore, comparsion of the recovered temperature ranges with present day mean January and 

July temperatures showed that winter temperature at least was likely lower than that of today at 

during the Pleniglacial and Allerød. 

It is our belief that additional ostracodological study of the Moervaart Lake sediments may well 

prove useful. Higher resolution sampling of key segments of the sediment sequence might provide 

more detailed information on whether the observed changes were gradual or sudden. Larger sample 

sizes would allow a more detailed picture of the changing ostracod community in the Moervaart lake. 

Furthermore, as current sampling of the sediment was only done in the deepest part of the lake, we 

would suggest sampling the shallower lake edges as well. Not only could this reveal more littoral 

ostracod species, which may have been overlooked in the present study, it could also potentially help 

resolve the situation in the Allerød. The construction and use of ostracod based transfer functions 
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might be worth considering as well, in order to obtain more quantitative data on environmental 

parameters such as lake level, salinity or conductivity. However, this would require a sufficiently 

large and suitable dataset of recent ostracod communities and environmental parameters from the 

surrounding area. Similarly, analysis of shell chemistry or stable isotope composition of the valves of 

the most commonly encountered ostracod species would be a way of getting more quantitative data. 
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Appendix 1 

Table juxtaposing geological and archaeological timeperiods for Northern Belgium (source: 

DERESE et al., 2010). 
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Appendix 2 

Full calibration list for MOTR analysis, as provided by David Horne (updated version of the 

calibrations given in HORNE  (2007)) 

 July January 

Species Min. Max. Min. Max. 

1. Amplocypris tonnensis Diebel & Pietrzeniuk, 1975 9 13 -22 -20 

2. Bradleystrandesia fuscata (Jurine, 1820) 6 26 -15 12 

3. Bradleystrandesia reticulata (Zaddach, 1840) 7 25 -8 12 

4. Candona angulata G. W. Müller, 1900 16 25 -5 7 

5. Candona candida (O. F. Müller, 1776) 6 26 -40 9 

6. Candona neglecta Sars, 1887 7 27 -10 13 

7. Candona weltneri Hartwig, 1899 
12 22 -26 3 

8. Candonopsis kingsleii (Brady & Robertson, 1870) 12 28 -5 13 

9. Candonopsis scourfieldi Brady, 1910 14 19 -4 4 

10. Cavernocypris subterranea (Wolf, 1920) 6 20 -8 4 

11. Cryptocandona reducta  (Alm, 1914) 10 18 -17 4 

12. Cryptocandona vavrai Kaufmann, 1900 12 22 -6 6 

13. Cyclocypris laevis (O. F. Müller, 1776) 6 23 -32 7 

14. Cyclocypris ovum (Jurine, 1820) 7 27 -32 14 

15. Cyclocypris serena (Koch, 1838) 8 21 -9 5 

16. Cypria exsculpta (Fischer, 1855) 11 21 -8 11 

17. Cypria ophtalmica (Jurine, 1820) 6 28 -8 14 

18. Cypridopsis hartwigi G. W. Müller, 1900 17 28 -1 13 

19. Cypridopsis vidua (O. F. Müller, 1776) 9 34 -32 17 

20. Cypris bispinosa Lucas, 1849 14 28 4 14 

21. Cypris pubera O. F. Müller, 1776 8 28 -31 14 

22. Cyprois marginata (Strauss, 1821) 8 23 -31 6 

23. Cytherissa lacustris (Sars, 1863) 4 23 -32 3 

24. Cytheromorpha fuscata (Brady , 1869) 10 21 -27 4 
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25. Darwinula stevensoni (Brady & Robertson, 1870) 12 30 -31 14 

26. Dolerocypris fasciata (O. F. Müller, 1776) 12 24 -31 8 

27. Dolerocypris sinensis (Sars, 1903) 18 25 -4 8 

28. Eucypris crassa (O. F. Müller, 1785) 16 20 -8 7 

29. Eucypris pigra (Fischer, 1851) 6 23 -25 9 

30. Eucypris virens (Jurine, 1820) 13 28 -8 14 

31. Fabaeformiscandona acuminata (Fischer, 1851) 15 21 -8 1 

32. Fabaeformiscandona balatonica (Daday, 1894) 10 21 -21 -1 

33. Fabaeformiscandona caudata (Kaufmann, 1900) 15 21 -8 3 

34. Fabaeformiscandona fabaeformis (Fischer, 1851) 13 25 -8 11 

35. Fabaeformiscandona fragilis (Hartwig, 1898) 15 21 -5 1 

36. Fabaeformiscandona hyalina (Brady & Robertson, 1870) 16 20 -7 4 

37. Fabaeformiscandona levanderi (Hirschmann, 1912) 11 19 -40 1 

38. Fabaeformiscandona protzi (Hartwig, 1898) 11 21 -40 3 

39. Herpetocypris brevicaudata Kaufmann, 1900 16 33 -1 16 

40. Herpetocypris chevreuxi (Sars, 1896) 10 33 -1 16 

41. Herpetocypris reptans (Baird, 1835) 10 25 -8 15 

42. Heterocypris incongruens (Ramdohr, 1808) 
5 28 -31 18 

43. Heterocypris salina (Brady, 1868) 8 28 -31 16 

44. Ilyocypris decipiens Masi, 1905 15 25 -30 6 

45. Ilyocypris inermis Kaufmann, 1900 10 26 -32 13 

46. Ilyocypris monstrifica (Norman, 1862) 15 23 -1 5 

47. Leucocythere mirabilis Kaufmann, 1892 10 25 -10 10 

48. Limnocythere inopinata (Baird, 1843) 12 34 -32 16 

49. Limnocytherina sanctipatricii (Brady & Robertson, 1869) 7 24 -40 7 

50. Metacypris cordata Brady & Robertson, 1870 14 24 -7 7 

51. Notodromas monacha (O. F. Müller, 1776) 14 28 -10 10 

52. Paralimnocythere psammophila (Flössner, 1965) 12 24 -21 7 

53. Physocypria kraepelini G. W. Müller, 1903 15 29 -31 11 
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54. Plesiocypridopsis newtoni (Brady & Robertson, 1870) 12 27 -31 16 

55. Potamocypris arcuata (Sars, 1903) 12 28 -32 17 

56. Potamocypris fulva (Brady, 1868) 14 23 -3 6 

57. Potamocypris unicaudata Schäfer, 1943 14 28 -28 9 

58. Potamocypris villosa (Jurine, 1820) 11 26 -32 16 

59. Potamocypris zschokkei (Kaufmann, 1900) 6 24 -10 9 

60. Prionocypris zenkeri (Chyzer & Toth, 1858) 14 26 -4 6 

61. Pseudocandona albicans (Brady, 1864) 12 24 -8 16 

62. Pseudocandona compressa (Koch, 1838) 8 22 -10 6 

63. Pseudocandona eremita (Vejdovsky, 1882) 17 20 -6 -1 

64. Pseudocandona hartwigi (G. W. Müller, 1900) 15 23 -5 5 

65. Pseudocandona insculpta (G. W. Müller, 1900) 14 22 -10 4 

66. Pseudocandona marchica (Hartwig, 1899) 15 24 -31 11 

67. Pseudocandona pratensis (Hartwig, 1901) 15 27 -8 7 

68. Pseudocandona rostrata (Brady & Norman, 1889) 8 22 -15 7 

69. Pseudocandona sarsi (Hartwig, 1899) 8 24 -9 3 

70. Pseudocandona sucki (Hartwig, 1901) 16 24 -8 2 

71. Psychrodromus olivaceus (Brady & Norman, 1889) 13 26 -10 13 

72. Psychrodromus robertsoni (Brady & Norman, 1889) 12 17 0 4 

73. Sarscypridopsis aculeata (Costa, 1847) 9 28 -31 17 

74. Scottia pseudobrowniana Kempf, 1971 14 22 -5 4 

75. Tonnacypris lutaria (Koch, 1838) 13 28 -8 13 
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Appendix 3: Absolute count data 

Absolute ostracod valve counts for sequence S2. 

 

 

Absolute ostracod valve counts for sequence S4. 

 

  

Sample: 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Bradleystrandesia  sp. 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Candona candida 43 40 16 4 0 25 11 10 11 22 7 151 23 10 19 0 2 2

Candona neglecta 51 7 0 0 0 0 0 0 1 0 0 174 20 8 20 0 2 1

Cyclocypris ovum 0 54 45 10 1 2 0 0 17 6 0 68 0 0 0 0 0 0

Cypria ophtalmica 0 0 0 0 0 3 1 0 0 0 0 5 0 0 0 0 0 0

Cypridopsis vidua 0 19 22 31 26 33 48 22 74 18 5 60 0 0 0 0 3 0

Cypris pubera 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dolerocypris fasciata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fabaeformiscandona levanderi 4 0 0 0 0 1 0 0 0 0 0 0 4 1 0 0 0 0

Fabaeformiscandona protzi 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0

Herpetocypris reptans 1 0 1 19 2 2 6 3 0 4 0 9 0 0 0 0 0 0

Heterocypris incongruens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ilyocypris gibba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Limnocythere inopinata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Paralimnocythere sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Potamocypris villosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pseudocandona compressa 4 2 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0

Tonnacypris tonnensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total number of valves 108 124 84 65 29 66 66 35 103 50 12 470 47 20 41 0 7 4

Sample: 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Bradleystandesia sp. 0 0 0 0 0 21 7 0 0 0 0 0 0 0

Candona candida 4 34 1 2 0 11 20 4 0 13 0 64 64 0

Candona neglecta 7 22 0 0 0 6 2 0 0 0 0 186 79 0

Cyclocypris ovum 0 435 40 16 3 34 56 0 0 0 0 63 5 0

Cypria ophtalmica 0 67 2 0 0 0 0 0 0 0 0 0 0 0

Cypridopsis vidua 0 2 38 87 116 1016 177 26 191 2 0 20 3 0

Cypris pubera 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Dolerocypris fasciata 0 0 0 0 0 2 0 0 0 0 0 0 0 0

Fabaeformiscandona levanderi 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fabaeformiscandona protzi 0 0 0 0 0 0 0 0 0 0 0 4 0 0

Herpetocypris reptans 0 0 0 0 1 12 21 0 2 14 0 25 1 0

Heterocypris incongruens 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Ilyocypris gibba 0 17 0 0 0 0 0 0 0 0 0 0 0 0

Limnocythere inopinata 0 0 0 0 0 11 16 0 0 0 0 0 1 0

Paralimnocythere sp. 0 3 0 0 0 0 0 0 0 0 0 0 0 0

Potamocypris villosa 0 8 0 0 0 0 0 0 0 0 0 0 0 0

Pseudocandona compressa 0 7 0 0 0 0 0 0 0 0 0 0 0 0

Tonnacypris tonnensis 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Total number of valves 12 595 81 105 120 1113 301 30 193 29 0 362 154 4
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Appendix 4 

Relative abundances of ostracod species for the S2 sequence. 

 

 

Relative abundances of ostracod species for the S4 sequence. 

 

  

Sample: 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Bradleystrandesia  sp. 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Candona candida 39,81 32,26 19,05 6,15 0,00 37,88 16,67 28,57 10,68 44,00 58,33 32,13 48,94 50,00 46,34 x 28,57 50,00

Candona neglecta 47,22 5,65 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,00 37,02 42,55 40,00 48,78 x 28,57 25,00

Cyclocypris ovum 0,00 43,55 53,57 15,38 3,45 3,03 0,00 0,00 16,50 12,00 0,00 14,47 0,00 0,00 0,00 x 0,00 0,00

Cypria ophtalmica 0,00 0,00 0,00 0,00 0,00 4,55 1,52 0,00 0,00 0,00 0,00 1,06 0,00 0,00 0,00 x 0,00 0,00

Cypridopsis vidua 0,00 15,32 26,19 47,69 89,66 50,00 72,73 62,86 71,84 36,00 41,67 12,77 0,00 0,00 0,00 x 42,86 0,00

Cypris pubera 4,63 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Dolerocypris fasciata 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Fabaeformiscandona levanderi 3,70 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,00 0,00 0,00 8,51 5,00 0,00 x 0,00 0,00

Fabaeformiscandona protzi 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 x 0,00 0,00

Herpetocypris reptans 0,93 0,00 1,19 29,23 6,90 3,03 9,09 8,57 0,00 8,00 0,00 1,91 0,00 0,00 0,00 x 0,00 0,00

Heterocypris incongruens 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Ilyocypris gibba 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Limnocythere inopinata 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 25,00

Paralimnocythere sp. 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Potamocypris villosa 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Pseudocandona compressa 3,70 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 4,88 x 0,00 0,00

Tonnacypris tonnensis 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00

Sample: 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Bradleystandesia sp. 0,00 0,00 0,00 0,00 0,00 1,89 2,33 0,00 0,00 0,00 x 0,00 0,00 0,00

Candona candida 33,33 5,71 1,23 1,90 0,00 0,99 6,64 13,33 0,00 44,83 x 17,68 41,56 0,00

Candona neglecta 58,33 3,70 0,00 0,00 0,00 0,54 0,66 0,00 0,00 0,00 x 51,38 51,30 0,00

Cyclocypris ovum 0,00 73,11 49,38 15,24 2,50 3,05 18,60 0,00 0,00 0,00 x 17,40 3,25 0,00

Cypria ophtalmica 0,00 11,26 2,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Cypridopsis vidua 0,00 0,34 46,91 82,86 96,67 91,28 58,80 86,67 98,96 6,90 x 5,52 1,95 0,00

Cypris pubera 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,00 0,00 0,00 x 0,00 0,00 0,00

Dolerocypris fasciata 0,00 0,00 0,00 0,00 0,00 0,18 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Fabaeformiscandona levanderi 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,65 0,00

Fabaeformiscandona protzi 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 1,10 0,00 0,00

Herpetocypris reptans 0,00 0,00 0,00 0,00 0,83 1,08 6,98 0,00 1,04 48,28 x 6,91 0,65 0,00

Heterocypris incongruens 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 100,00

Ilyocypris gibba 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Limnocythere inopinata 0,00 0,00 0,00 0,00 0,00 0,99 5,32 0,00 0,00 0,00 x 0,00 0,65 0,00

Paralimnocythere sp. 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Potamocypris villosa 0,00 1,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Pseudocandona compressa 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00

Tonnacypris tonnensis 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 x 0,00 0,00 0,00
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Appendix 5: Mutual Ostracod Temperature Ranges 

Sequence S2 

Sample Depth T Jan min T Jan max T July min T July max 

1 0 -10 9 12 26 

2 4 -10 9 9 26 

3 9 x x x x 

4 19 -10 6 8 22 

5 29 -10 1 11 19 

6 39 -10 1 11 19 

7 52 -8 3 11 21 

8 59 -32 9 9 26 

9 63 -8 9 10 25 

10 70 -8 9 9 26 

11 73 -8 9 10 25 

12 82 -8 9 10 25 

13 90 -8 1 11 19 

14 93 -8 14 10 25 

15 104 -8 9 10 25 

16 115 -8 9 10 25 

17 122 -10 6 9 22 

18 129 -10 1 11 19 

 

 

Sequence S4 

Sample Depth T Jan min T Jan max T July Min T July max 

1 0 -31 18 5 28 

2 21 -8 1 12 19 

3 51 -8 3 11 21 

4 67 x x x x 

5 74 -8 9 10 25 

6 80 -8 15 10 25 

7 96 -32 9 9 26 

8 110 -8 9 12 25 

9 130 -8 8 12 24 

10 133 -8 14 10 25 

11 137 -32 9 9 26 

12 142 -8 9 9 26 

13 147 -8 6 11 22 

14 157 -10 9 7 26 
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Appendix 6: Glossary of terms regarding Ostracod ecology (after MEISCH, 2000). 

Temperature preferences: 

Coldstenothermal: species linked to permanently cold waters. 

Oligothermophilic: preferring cold waters. 

Mesothermophilic: intermediate between the first two categories. 

Polythermophilic: preferring warm waters. 

Warm stenothermal: linked to permanently warm waters. 

 

Calcium content: 

Oligotitanophilic: mainly occurring at 0-18 mg Ca/L. 

Mesotitanophilic: mainly occurring at 18-72 mg Ca/L. 

Polytitanophylic: mainly occurring at calcium concentrations higher than 72 mg/L. 

Titanoeuryplastic: occurring indifferently in all three Ca-ranges. 

 

Salinity and Chloride content: 

Limnetic range (freshwater): <0,5 % total salt content. 

Oligohaline range: about 0,5 to 5 %. 

Mesohaline range: about 5 to 18%. 

Polyhaline range: about 18 to 30%. 

Euhaline range (marine): about 30 to 40%. 

Hyperhaline range: >40%. 

 

Water velocity: 

Rheophobic: occurring in stagnant waters only. 

Oligorheophilic: occurring in turbulent littoral waters of lakes and/or sometimes in flowing water. 

Mesorheophilic: occurring frequently in flowing waters with various velocities. 

Rheoeuryplastic: found in both stagnant and flowing waters. 


