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Abstract 

 

Freshwater ostracods (crustacea, ostracoda) are sensitive to environmental conditions, and are widely 

used as biological indicators for past and present environmental changes. The abundance and 

diversity of ostracods from permafrost areas is currently documented in scattered records with 

incomplete ecological characterizations. The objectives of the thesis were to determine the taxonomic 

and ecological range of ostracod assemblages and their habitat conditions in polygon ponds in 

different landscape units of the Indigirka Lowland (north-east Siberia, Russia). A monitoring approach 

focused seasonal meteorological and limnological variability of a selected pond site, its ostracod 

population dynamics, and the geochemical properties of ostracod valve calcite.  

Shallow, well-oxygenated, and dilute ponds with slightly acidic to circumneutral pH hosted an 

abundant and diverse ostracod fauna. A total of 4849 identified ostracods from eight species and three 

taxa represent the first record of the ostracod fauna in the Indigirka Lowland. Fabaeformiscandona 

krochini and Fabaeformiscandona groenlandica were documented for the first time in continental 

Siberia. Fabaeformiscandona sp. I and Fabaeformiscandona sp. II were newly found taxa holding                 

a strong indicative potential for hydrochemical parameters. Repeated sampling of a typical low-center 

polygon pond revealed detailed insights in the population dynamics of Fabaeformiscandona pedata 

and its reproduction strategy. 

Substrate properties, physical and hydrochemical conditions in the studied ponds offered largely 

homogeneous habitats across different landscape units and pond types to ostracods. River flooding 

and differences in morphology between pond types resulted in variations in sediment, vegetation, 

hydrochemical and stable water isotope composition of the ponds. Ponds in the river floodplain and 

intrapolygon ponds hosted the most diverse ostracod fauna while species diversity was lowest in thaw 

lakes. 

Air temperature and precipitation were identified as the main external drivers of water temperatures, 

water levels, ion concentrations, and stable water isotope composition in small periglacial waters on 

diurnal and seasonal scales. Ostracod valve calcite recorded seasonal variations in stable oxygen 

isotopes of the ambient waters, but needs to be interpreted carefully with regard to species-specific 

background knowledge.  

 

 

Keywords: arctic limnology, polygon ponds, biological indicators, freshwater ostracods, stable water 

isotopes 
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1 Introduction        

 

1.1 Overview 

Polygon ponds are common components of arctic Siberian wetlands underlain by continuous ice-rich 

permafrost. Widely distributed patterned ground of polygon tundra is considered to be sensitive to 

environmental and climate change in the Quaternary past and the future (ACIA 2005, Hinzman et al. 

2005). Permafrost degradation strongly affects relief, hydrology, and has a tremendous ecological 

impact on aquatic biota through either inundation or desiccation of their habitats. However, large 

uncertainties in observations in the vast and remote Arctic regions exist. In contrast to thermokarst 

lakes, polygon ponds have rarely been focus of research. Those shallow and small waters are 

hotspots of aquatic biodiversity for microorganisms, plants, and animals in the otherwise hostile arctic 

environment (e.g. Vincent et al. 2008). A first comprehensive species inventory of polygon ponds 

combined with a detailed survey of physical and chemical water parameters was carried out in                

1971 - 1973 near Barrow on the Alaskan North Slope (Hobbie 1980). More recent studies are largely 

restricted to the Canadian high Arctic focusing limnology and hydrology of tundra ponds (Pienitz et al. 

1997a, b, Hamilton et al. 2001, Michelutti et al. 2002a, b). Polygon ponds in permafrost landscapes 

provide appropriate habitats for freshwater ostracods, but are rarely studied in detail in Siberia 

(Wetterich et al. 2008a-c). The known modern ostracod communities of periglacial waters in north-east 

Siberia broadly correspond to those of Holocene and Pleistocene age (Wetterich et al. 2005, 2008c, 

2009). This similarity allows applying modern ostracod data to fossil records, but underscores the 

demand for extensive knowledge about modern ostracod assemblages and environmental 

characteristics. Within the frame of the joint German-Russian DFG-RFBR project „Polygons in tundra 

wetlands: state and dynamics under climate variability in Polar Regions (POLYGON)“, field studies of 

modern environmental dynamics were carried out in north-east Siberia in summer 2011. This study 

provides limnological baseline characteristics of polygon ponds and their freshwater ostracod 

assemblages for future monitoring programs and paleoenvironmental work on ostracods as biological 

indicators in this climatically-sensitive region.   

 

1.2 Objectives 

Ostracods from periglacial freshwaters hold indicative potential for climatological and ecological 

changes and therefore deserve detailed investigations. In order to precisely evaluate ostracod records 

from permafrost areas, reference datasets on species assemblages, geochemical data from ostracod 

valve calcite and instrumental records of environmental parameters are required for taxonomic and 

ecological comparison. Modern ostracod fauna and their ecology in the mid-latitudes of Europe                      

(e.g. Meisch 2000, Viehberg et al. 2006, Horne 2007, Pouquet and Mesquita-Joanes 2011, Decrouy et 

al. 2011a, Kempf 2006) and northern America (e.g. Delorme 1969, 1989, Smith 1993, Curry 1999) are 

relatively well known across continental scales. In contrast, diversity and ecology of freshwater 

ostracods in permafrost habitats are constrained in a low number of publications limited to rather small 

areas (e.g. Alm 1914, 1915, Pietrzeniuk 1977, Delorme 1969, 1989, Bunbury and Gajewski 2005, 

2009, Semenova 2005, Wetterich et al. 2008a-d) or are lacking for many arctic regions that are so far 

completely uncovered. The current gap in ostracod data fundamentally limits their use as biological 
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indicators in high latitude areas where the effects of climatic change are expected to be strongest 

(ACIA 2005, Hinzman et al. 2005, Prowse 2006a, b). That information is urgently needed as 

calibration data in order to quantitatively assess environmental changes reflected in modern and fossil 

ostracod assemblages. In addition, a more detailed understanding of geochemical information stored 

in ostracod valve calcite is required for adequate applications of geochemical data from ostracod valve 

calcite in fossil and modern environmental studies. 

The objective of the thesis is to characterize present-day environmental parameters of periglacial 

waters in the Indigirka Lowland in north-east Siberia, and to conduct an inventory of the abundance 

and diversity of the living ostracod assemblages and their ecological ranges. Based on that 

knowledge, the intention is to detect whether ostracod assemblages and valve geochemistry reflect 

differences in spatial and seasonal environmental parameters in their habitats.  

 

The following key questions have been identified: 

 

I. What is the range of present-day biotic and abiotic parameters in polygon ponds in the 

Indigirka Lowland?   

II. How abundant and diverse are the living ostracod assemblages in the studied habitats?   

III. Which temporal variability can be detected in a monitored polygon pond during the arctic 

summer season, and what are their drivers?  

IV. Which environmental information is stored in ostracode valve calcite during the summer 

season?  

 

In this study, a spatial and temporal approach is combined. Physical properties such as substrate, 

hydrochemical and meteorological data of periglacial waters of different type from diverse landscape 

units are evaluated against the ostracod record obtained. It is important to point out that the species 

distribution and habitat conditions are presented at the point in time when each site was sampled.                

In addition, a monitoring set up in one pond recorded temporal limnological dynamics and its ostracod 

population during the arctic summer in July and August 2011. Stable oxygen isotope analyses of 

rainwater, pond water, ground ice and ostracod valve calcite were performed in order to study the 

relationship of environmental signals in host waters and ostracod valve calcite on a seasonal scale.  

The thesis aims understanding the spatial and temporal dynamics of polygon waters and their 

freshwater ostracod assemblages. It provides comprehensive physical and chemical characteristics of 

shallow periglacial waters as well as the first taxonomic and ecological record for the ostracod fauna in 

the Indigirka Lowland in north-east Siberia. This study gives new insights in life-cycles of ostracod 

species present in the monitoring pond and their relevance for geochemical data obtained from the 

valve calcite. Furthermore, it strengthens the ostracods potential as biological indicators if employed 

for modern and paleoenvironmental applications in permafrost areas.  
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1.3 Scientific background 

 

1.3.1 Permafrost in north-east Siberia 

Permafrost, or permanently frozen ground, is defined as ground (soil, sediment, bedrock, or organic 

material) that remains at or below 0 °C for at least two consecutive years (van Everdingen 1998).                  

It occurs on land and on continental shelves of the Arctic Ocean, and underlies about 24% of the 

Earth's northern hemisphere´s land surface (Brown et al. 1998). 

The presence of continuous permafrost in the circumpolar arctic lowlands as key environmental factor 

has a significant impact on past and present-day environmental conditions. It controls vegetation, 

hydrology, soils, morphology and geomorphological processes to a major extent. The permafrost 

extent and thickness in the north-east Siberian Arctic is connected to long-term stable cold and dry 

climate conditions and the absence of continental-sized ice sheets throughout the Quaternary 

(Velichko 1993, Elias and Brigham-Grette 2007). Despite sufficiently cold temperatures, extremely low 

precipitation rates (less than 50 mm yr 
-1

) did not allow large ice sheets to grow in the Eurasian Arctic 

during the LGM (Hubberten et al. 2004, Svendsen et al. 2004). During the buildup of continental-sized 

ice sheets in North America, Greenland and Eurasia, and regional glaciations on mountain ranges 

during Pleistocene cold stages, the global sea level dropped approximately 120 - 130 m (Bard et al. 

1990, Lambeck et al. 2002, Clark and Mix 2002, Shennan 2007). Consequently, large portions of the 

continental shelves between Siberia and Alaska were exposed, creating the Bering land bridge 

(Hultén 1937) and further enhancing continentality.  

A relatively sparse vegetation cover of xeric and cold adapted grasses (Kienast 2007, Kienast et al. 

2008, Blinnikov et al. 2011) in combination with the long-term influence of cold continental climate 

favored the development of thick ice-rich permafrost (Ice Complex deposits) during the late 

Pleistocene (Romanovsky 1993, Schirrmeister et al. 2008, 2011c, 2013). Ice Complex deposits are 

described as former ice-wedge polygon systems and buried cryosols (Schirrmeister et al. 2008b, 

2011c, 2013). They are common in coastal lowlands of the Laptev and East Siberian seas, and along 

the large East Siberian rivers Lena, Yana, Indigirka, and Kolyma (Romanovskii 1993, Schirrmeister             

et al. 2013).  

Late Glacial and Holocene climate amelioration lead to permafrost degradation characterized by 

widespread surface subsidence and basin formation (thermokarst) in Arctic Siberian lowlands (Walter 

et al. 2007, Grosse et al. 2013). Grosse et al. (2013) stated thermokarst lake formation as the 

dominant mode of permafrost degradation affecting geomorphology, hydrology, and the habitat 

characteristic of permafrost lowlands. For example, the Indigirka Lowland is dominated by large 

thermokarst basins (Alas) and lakes dissecting remnants of formerly wide spread late Pleistocene Ice 

Complex deposits (Yedoma) (Lavrushin 1963, Kaplina et al. 1980). Climate variations throughout the 

Holocene triggered the transformation of formerly lake-dominated areas into the modern boggy tundra 

environment (Schirrmeister et al. 2011a). With respect to the spatial distribution and thickness of Ice 

Complex deposits, it is predicted that they might be transformed from a long-term carbon sink to a 

major carbon source during ongoing global warming with so far undetermined magnitude (Walter et al. 

2006, Schuur et al. 2008, Tarnocai et al. 2009). 
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1.3.2 Ice-wedge polygon systems  

Polygons form in cold climatic environments under permafrost conditions and belong to the most 

common morphological features of periglacial patterned ground. As shown in Figure 1-1, polygon 

landscapes occur abundantly in the circumpolar arctic coastal plains and are typical components of 

arctic Siberian coastal lowlands. Modern ice-wedge polygon landscapes are estimated to cover                     

250 000 km² (Minke et al. 2007) to 396 000 km² (Muster et al. 2013) of the Arctic land area. While 

Minke et al. (2007) refer to polygon structures in peatlands; Muster et al. (2013) take water bodies 

linked to ice-wedge polygons into account.  

 

 

 

Fig. 1-1 Distribution of polygon landscapes in the Arctic, based on satellite imagery. Map kindly provided by Pim 

de Klerk, Freie Universität Berlin and State Museum of Natural History in Karlsruhe, Germany, and modified after 

Minke et al. 2007. 

 

 

Intense cooling of ground surface and subsurface induced the formation of polygonal landscapes in 

Siberian arctic lowlands. Repeated frost cracking is responsible for the formation of ice-wedge polygon 

networks and was first examined in detail by Lachenbruch (1962, 1966). Major controls of fracture 

dynamics are air temperature, snow cover, peat thickness, vegetation cover, soil moisture, and 

physical properties of the ground material (e.g. Mackay 2000, French 2007). During spring and early 

summer, melt water enters open cracks and refreezes immediately forming ice veins. Repeated 

cracking and refilling of such an ice vein over a long time period allows an ice-wedge to grow 

(Lachenbruch 1962). Its lateral growth compresses material in the polygon center, which thermally 
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expands during warmer periods, moves outwards from the polygon center to its periphery, and creates 

polygon rims by upward warping (Mackay 2000). The polygon rims flanking frost cracks are located 

directly above ice wedges that reach deep in the ground. As a result of ice-wedge growth in the 

ground and lateral movement of subsurface material, a heterogeneous periglacial microrelief appears.                        

The formation of different types of freshwater bodies is connected to the stage of polygon 

development or degradation and was intensely studied by Meyer (2003) in the Lena River Delta in 

north-east Siberia (Fig. 1-2). In an initial stage the centre of individual low centre polygons forms a 

depression between the rims that is often water filled. During ongoing sedimentation, peat 

accumulation, or permafrost degradation ponds may form along the frost crack directly above thawing 

ice wedges. Further permafrost degradation through thermokarst may lead to the formation of initial 

thaw lakes which continuously expand in depth and size.  

 

 
 

 

Fig. 1-2 Photograph and schematic views of a modern ice-wedge polygon system. (a) Intrapolygon ponds near 

Chokurdakh in summer 2012. Photograph: A. Schneider. (b) Schematic view of low center polygons after 

Romanovskii (unpublished), modified after Meyer 2003. (c) Stages of polygon development and types of water 

bodies, modified after Meyer 2003. (I) Juvenile polygon with height differences of a few decimeters between 

polygon wall and the centre, a water body is absent; (II) Mature low-centre polygon with height differences 

between polygon wall and centre of about 0.5 m, at poorly drained sites intrapolygon ponds develop in the central 

depression; (III) Polygon of initial degradation with height differences of 0.5 m and 1.0 m between polygon wall 

and centre; in addition to waterbodies in the centre, elongated interpolygon ponds along the frost crack above the 

thawing ice wedge, or triangular ponds in triple junctions are present; (IV) Polygon at final degradation stage with 

height differences of up to 1.5 m between polygon wall and polygon centre; thaw lakes of variable size and 

morphology occur.  
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In order to avoid confusion in terminology, in this study polygon waters are classified as ponds due to 

their small size of max. 30 m in diameter. When ice-wedges and polygon walls collapse, formerly 

separated ponds connect. Thus, thaw lakes are defined as waters of polygonal origin composed by 

several interconnected ponds. Thaw lakes are larger than single polygon ponds and are characterized 

by variable size, depth and morphology. The original polygon structure can still be recognized in some 

cases. In contrast, waters exceeding 1000 m in diameter are considered as thermokarst lakes. Thaw 

lakes and thermokarst lakes are assumed to represent advanced degradation stages of polygon 

systems (Meyer 2003, Jorgensen and Shur 2007, Grosse et al. 2013). 

Periglacial waters are the most abundant aquatic ecosystem type in the Arctic (Grosse et al. 2013). 

While many polar lakes are classified as ultra-oligotrophic or extremely unproductive, periglacial 

waters are hotspots of biological activity providing diverse habitats for aquatic communities in the 

tundra, with abundant microbes, benthic communities, aquatic plants, plankton and birds (Vincent et 

al. 2008). Sediments from fossilized polygon ponds bear considerable amounts of well preserved 

biological remains highlighting their role as excellent natural archives in areas, where other archives 

are rare or absent (Schirrmeister et al. 2009). A number of late Quaternary environmental 

reconstructions from permafrost areas of north-eastern Siberia rely on a multi-proxy approach 

combining various biological indicators (Schirrmeister et al. 2002, 2008a, 2011b, Andreev et al. 2004, 

2009, 2011, Kienast et al. 2005, 2008, 2011, Wetterich et al. 2005, 2008c, 2008d, 2009). Beside plant 

macrofossils, pollen, insects, testate amoebae, vertebrate remains, chironomids, freshwater ostracods 

play a major role in reconstructing a complex picture of climate and landscape dynamics throughout 

the Quaternary past (Wetterich et al. 2005, 2008c, 2008d, 2009) and in modern environmental studies 

(Wetterich et al. 2008a, b, Bunbury and Gajewski 2009) in permafrost areas. 

 

1.3.3 Freshwater ostracods and their potential as biological indicators  

Ostracoda, or mussel shrimps, are small bivalved crustaceans. In phylogenetic systematics ostracods 

belong to the Phylum Arthropoda LATREILLE, 1829, Subphylum Crustacea BRÜNNICH, 1772. The Class 

Ostracoda LATREILLE, 1802 is separated from other Crustacea such as lobsters and crabs by a 

laterally compressed body without externally recognizable segmentation, eight limbs, and a bivalved 

carapace lacking growth lines (Horne et al. 2002, Karanovic 2012).  

The term ‘ostracod’ describes the outer shape of the animal and is derived from the Greek word 

‘όστρακον’ (ostrakon) meaning ‘shell’ or ‘mussel’. Their bivalve shell (carapace) has an average length 

of 1 mm and completely envelops the body (Figs. 1-3 and 1-4). The ostracod´s carapace consists of 

two dorsally connected valves made of low-magnesium calcite (Kesling 1951) and up to 15 % chitin 

(Sohn 1958). Like other crustaceans, ostracods develop by successive molting. Thus, the valves are 

replaced on average eight times when the animals grow to adulthood (Kesling 1951). Ostracods have 

a complex body with typically eight pairs of appendages. The appendages have a wide range of 

functions including locomotion structures for walking, crawling, climbing, digging, and swimming as 

well as cognition, feeding, cleaning, and mating (Meisch 2000, Horne et al. 2002, Smith and Delorme 

2010, Karanovic 2012). The limbs have a specific morphology which is useful for taxonomic species 

identification. Ostracods inhabit almost all marine and non-marine (freshwater) habitats where they are 

found in benthic (at the sediment-water interface), periphytic (on submerged surfaces or among 
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subaquatic vegetation) or pelagic (actively swimming) communities. Their diet typically consists of 

algae, diatoms, bacteria organic detritus, dead and living plant material (Smith and Delorme 2010, 

Karanovic 2012). Among freshwater ostracods, different modes of sexual and asexual 

(parthenogenetic) reproduction exist (Martens 1998, Meisch 2000, Smith and Delorme 2010). Sexual 

reproduction causes sexual dimorphism; the carapaces of males and females of the same species 

may appear in a slightly different shape (Meisch 2000, Karanovic 2012).   

 

 

Fig. 1-3 Structure of a typical ostracod: (a) carapace from the left side; (b) carapace seen dorsally; (c) schematic 

cross section (modified after Athersuch et al. 1989). v – ventral, d – dorsal. 

 

 

Close to 2 000 species of around 200 genera of freshwater ostracods are known (Martens et al. 2008).  

In the Palaearctic (Northern America and Greenland) and the Nearctic (northern Asia including islands 

in the Arctic Ocean) together about 1 000 species exist in freshwaters (Martens et al. 2008). To the 

current knowledge, 48 ostracod species occur in arctic freshwaters from which four are endemic 

species (Hodkinson 2013). Ostracods with tightly closed carapaces attached to the legs and/or 

plumage of migrating waterfowl are assumed to survive transport over long distances (Meisch 2000). 

Seasonal life-cycles in combination with freezing- and desiccation-resistant eggs (Smith and Delorme 

2010, Karanovic 2012) allows ostracods to colonize temporal habitats that may dry out during 

summer, or are frozen during winter. Hence, periglacial waters such as shallow tundra polygon ponds 

in the circumpolar Arctic provide a suitable, but rarely studied habitat for freshwater ostracods.  

 

 

 

Fig. 1-4 Photograph and SEM image of ostradocs. (a) Fabaeformiscandona pedata females seen under 

binoculars at x12 magnification. Photograph: A. Schneider. (b) Inner view of an ostracod´s soft body and the left 

valve of a male Fabaeformiscandona tora. The animal is 0.95 mm long. Scanning electron image (SEM) and 

captions were kindly provided by Robin J. Smith, Lake Biwa Museum, Kusatsu, Japan.  

a)                                                   b) 
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A key advantage of ostracods as biological indicators is that they are present in aquatic habitats since 

the Palaeozoic (Hinz-Schallreuter and Schallreuter 1999, Meisch 2000, Martens et al. 2008, Siveter et 

al. 2010) holding the most complete fossil record of any extant arthropod group (Moore 1961). 

Fossilized valves of freshwater ostracods are abundant and well preserved microfossils in lacustrine 

sediments providing an excellent fossil record (e.g. Delorme 1969, 1989, Holmes 1992, Holmes and 

Chivas 2002, Holmes 2003) and are easy to be separated from surrounding bulk sediment (Caproletti 

2011). Hence, freshwater ostracods are of great interest as biological indicators for climate and 

ecosystem changes in modern studies and in the Quaternary past (e.g. Holmes 1992, Holmes and 

Chivas 2002, Horne et al. 2012).  

The presence, absence, and relative abundance of ostracod valves already represent valuable 

information. Ostracod species assemblages are determined by chemical and physical parameters of 

their habitat, which in turn are controlled by geological, hydrological, botanical and climatic factors 

(Delorme 1969, 1989). Important environmental factors limiting some ostracod species while favoring 

others are water temperature, salinity, currents, sediment composition, food supply, and presence or 

absence of predators (Delorme 1969, 1989, Neale 1988, Meisch 2000, Smith and Delorme 2010).                 

If environmental parameters are defined for a selected region, the ecological characterization of the 

ostracod fauna and single species with indicative potential indicated by narrow ecological tolerance 

ranges can be determined. Once detailed knowledge on ecological tolerances of certain species is 

obtained, paleoenvironmental reconstructions derived from fossil records can be build on them. 

However, this approach is valid only as long as ecological preferences in species do not change over 

time. Furthermore, modern environmental studies employ presence or absence of indicative ostracod 

species for example for tracking changes in ionic composition and concentration of surface waters 

(Smith 1993). 

Apart from an ecological approach, ostracod valve calcite received increasing attention as 

geochemical proxy. The major study fields in ostracod valve geochemistry are stable oxygen isotope 

(
18

O, 
13

C) and trace element (Ca/Mg/Sr) ratios. Despite the biomineralisation process in ostracods 

not having been intensely studied (Decrouy et al. 2011b) it is known that ostracods calcify their 

chitinous outer membrane within a few hours (Turpen and Angell 1971) or a few days (Chivas et al. 

1983, Roca and Wansard 1997). According to Turpen and Angell (1971) dissolved ions, mainly HCO3 

from the ambient water are directly incorporated in the valves during calcification. Thus, the 

geochemical composition of a single valve reflects a discrete set of hydrochemical conditions during 

the time period of calcification. Based on this knowledge, a number of studies relate trace element 

composition from ostracod valves to evaporation and changes in lake water salinity (Chivas at el. 

1986, 1993, Holmes 1992, 1996, Wetterich et al. 2008b, Decrouy et al. 2012). Furthermore, variations 

of the stable oxygen isotope composition (
18

O) in ostracod valve calcite were explored to reflect 

changes of the isotopic composition of lake water and thus are linked to climatic conditions (e.g. 

Holmes 1992, Holmes and Chivas 2002, Schwalb 2003, Wetterich et al. 2008a, Decrouy et al. 2011b). 

In brief, the stable oxygen isotope composition of a water reservoir depends on temperature                   

(Hoefs 2009). Phase transitions of the water during temperature-induced evaporation are 

accompanied by shifts in isotopic composition (fractionation). Isotopic fractionation is a result of 

differences in the physical properties of an element caused by the mass differences in isotopes. 



  Introduction 

 

 9  

 

Ostracods taking up oxygen from the host water during valve calcification track those isotopic shifts. 

Based on the assumption that valves are crystallized in equilibrium with ambient water, ostracod valve 

geochemistry is a powerful technique to study past and present environmental conditions (e.g. Holmes 

1996, Griffith and Holmes 2000, Holmes and Chivas 2002, Holmes 2003, Schwalb 2003). The 

technique was applied for palaeotemperature and palaeosalinity reconstructions in lacustrine records 

worldwide (Fritz 1975, Schwalb et al. 1994, 1999, 2003, Xia 1997c, Mischke et al. 2002) reaching back 

up to 140 ka BP in a core from the ancient Lake Ohrid (Belmecheri et al. 2010). 

The studies listed above demonstrate that ostracods store a set of environmental information in their 

species assemblages, valve geochemistry, and occasionally even in shell morphology according to 

environmental conditions in their habitats. However, basic knowledge on modern ostracod species 

distribution, life-cycles and ecological tolerances or needs must be available in reference datasets for 

exploiting their full indicative potential (Holmes 1996, 2003, Curry 1999, von Grafenstein et al. 1999, 

Decrouy 2011a). For example, Keatings et al. (2007) evaluated an 84 years long instrumental record 

of lake level and salinity with geochemical data from ostracod valves of the same time period. 

Ecological training sets (e.g. Viehberg 2006, Wetterich et al. 2008d, van der Meeren et al. 2010, 

Poquet and Mesquita-Joanes 2011, Horne et al. 2012) compile species associations and habitat 

information across large study areas. Statistical methods such as Environmental Tolerance Indices 

(ETI) (Curry 1999), or a Mutual Temperature Range (MTR) (Horne 2007) allow estimating mutual 

ranges for certain environmental parameters such as salinity or temperature in order to interpret 

paleohydrological or temperature changes implied by fossil ostracode successions. A graphical 

Ostracod Watch Model (OWM) (Külköylüoglu 1998) aims to show phenology of abundant ostracod 

species. Important steps towards storing and sharing species assemblages and associated habitat 

information are databases such as the Kempf database on ostracod literature (Kempf 2006), the 

Nonmarine ostracod distribution in Europe (NODE) (Horne et al. 2007), and the North American Non-

Marine Ostracode Database (NANODe) (Forester et al. 2005). Databases for compiling species and 

habitat information, and calibration tools will allow the combination of qualitative and quantitative 

information derived from ostracod assemblages and the geochemical composition of valve calcite. 

Geochemical information stored in ostracod valves may have the potential to serve as 

palaeothermometer and palaeosalinometer in the future.  
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2 The study area 

 

2.1 Location  

Studies of modern ostracod assemblages in periglacial waters were conducted during the Russian-

German expedition “Kytalyk 2011” to the Indigirka Lowland in north-east Siberia (Russia) in summer 

2011 (Fig. 2-1). The area investigated is located around 480 km north of Arctic Circle, and 28 km 

northwest of the settlement Chokurdakh in the catchment of the Indigirka River. 

 
Fig. 2-1 Location of the study area in the Indigirka Lowland in north-east Siberia, Russia. Digital Elevation Model 

(DEM) compiled by Guido Grosse (University of Alaska, Fairbanks, U.S.A). 
 

 

2.2 Geology of north-east Siberia 

The major geological units in north-eastern Siberia are the Laptev Rift System that separates the 

Siberian Craton (Eurasian continental plate) from the Verkhoyan-Kolyma-Orogen (North American 

continental plate) (Chain and Koronovskij 1995). The region is known for its neotectonic activity 

(Koronovsky 2002). Mesozoic and Cenozoic aged sediments underlie the generally flat north-east 

Siberian coastal lowlands (Chain and Koronovskij 1995). In the Indigirka Lowland, several isolated 

upland areas crop out along river bank exposures. Paleogene and Neogene gravelly sands form the 

base of the Dzhelon-Sise Highland upstream the Berelekh River (Ovander and Rybakova 1985)                 

(Fig. 2-2). Furthermore, the settlement Chokurdakh is located on sandstone rocks of pre-Quaternary 

age reaching a height of approximately 50 m a.s.l. Most of the study region is covered by Quaternary 

permafrost deposits, composed of middle and late Pleistocene ice-rich Ice Complex deposits such as 

in the Allaikhovski Highland (Lavrushin 1963, Kaplina et al. 1980, Romanovskii 1993). 
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Fig. 2-2 The study region of the expedition “Kytalyk 2011” in the lower reaches of the Berelekh River near 

Chokurdakh. GoogleEarth Imagery by TerraMetrics 2012. 

 

 

2.3 Climate 

The climate in the Indigirka Lowland is characterized by a high degree of continentality (Gavrilova 

1998, 2003) with a mean annual air temperature of -14.2 °C and a mean annual precipitation of                  

354 mm for the period 1984 to 1994 (Chokurdakh, WMO station no. 21946, Rivas-Martínez 1996-

2009, Fig. 2-3). Cool summers with mean TJuly of +9.7°C alternate with very cold winters with mean 

TJanuary of -36.6°C, resulting in annual temperature amplitudes between mean winter and summer 

temperatures of about 46°C. The continental climate conditions are caused by the northern position of 

the Eurasian landmass, its remarkable extent, and the position of mountain ridges, which limit 

moisture transport and affect the general atmospheric circulation over northern Eurasia (Tumel 2002). 

In winter, the frozen Arctic Ocean acts climatically as an extension of the snow-covered land surface. 

Thus, it favors the development of a stable high pressure system (Siberian anticyclone) over central 

Siberia (40 - 55 °N, 90 - 110 °E), accompanied by a second high pressure centre over the Indigirka 

Lowland (65 - 70 °N, 140 - 150 °E) in response to intense radiational cooling (Shahgedanova 2002). 

The general circulation conditions lead to very cold winter air temperatures and thin snow cover. High 

insolation during the summer months causes heating of air masses and the development of low 

pressure zones over east Siberia. Air masses originate mainly from the Arctic Ocean and are to some 

extend linked to the Atlantic source region via an eastwards trajectory from the Barents Sea area.               

The annual precipitation distribution is controlled by continentality and general circulation patterns: 

Precipitation occurs primarily during low-pressure dominance from June to November, while 
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precipitation is lower between December and May, when a stable high pressure cell blocks the 

influence of maritime air masses (Rivas-Martínez 1996-2009). Average potential evaporation of 50 to 

200 mm in tundra environments exceeds monthly summer precipitation and causes a moisture deficit 

during summer months (Shahgedanova 2002).  

 

 

 
Fig. 2-3  Climatic data (1984-1994) from the meteorological station WMO 21946 in Chokurdakh. Left vertical axis 

is temperature (°C), right vertical axis is precipitation (mm). Tann – annual mean temperature. Pann – annual 

precipitation. Diagram based on data from Rivas-Martínez 1996-2009. 

 

 

2.4 Permafrost and periglacial Geomorphology  

The Indigirka Lowland is underlain by continuous 200 - 300 m thick permafrost (Geocryological Map 

1991, Brown et al. 1997) that has formed throughout the Quaternary past and is maintained by the 

current climate conditions. The permafrost temperature in the region is stated between ≤ -10 °C 

(Tumel 2002) and -6 to -4 °C (Geocryological Map 1991).  

The Berelekh River, a tributary to the Indigirka River, runs for about 80 km west-eastwards, bounded 

by the Allaikhovski Highland in the south and a plain with large thermokarst lakes and occasional 

Yedoma remnants to the north (Fig. 2-2). Interconnected periglacial and thermokarst landforms                

(Fig. 2-4) shape the major landscape units in the Berelekh River valley: 

 

1) Yedoma ridges composed of late Pleistocene Ice Complex deposits with ice-wedge polygons;  

2) Thermokarst depressions (Alas), connected to lake drainage events and the subsequent 

formation of ice-wedge polygons and Pingos; 

3) Flood plain and terraces of the Berelekh River and its tributaries with ice-wedge polygons. 

 

The Berelekh River valley is 4 to 7 km wide in the lower river reaches. The low slope of the valley 

bottom allows the river to meander intensely; consequently river course shifting and inundations of the 

adjacent flood plains are common. The Berelekh River flood plain is characterized by near-river 

sandbanks, lakes, flooded boggy meadows, and striped areas inside meander bends of 2 to 3 m high 

Salix shrubs, alternating with boggy areas. Those stripes may be considered as bar and swale 
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topography resulting from bar accumulation processes during lateral migration of a meander loop that 

creates ridges (vegetated with Salix) and swales (boggy area) on the inner side of a meander bend. 

River course shifting and water level fluctuations expose formerly unfrozen bare or sparsely vegetated 

fluvial sediments to freezing air temperatures. Thus, frost crack systems of about 20 x 20 m size are 

common in the Berelekh River flood plain. Depressions in polygon centers host ponds or are boggy.  

 

 
 
Fig. 2-4 The study area around the Kytalyk field station (red mark) with several Yedoma ridges, Alas depressions 

and the Berelekh River flood plain. Arrows show the flow direction of the Konsor Syane and Berelekh River. Dark 

signatures indicate frequent occurrence of surface waters. GeoEye image from August 2010 with 0.5 m 

resolution. Courtesy of J. van Huissteden, Vrije Universiteit Amsterdam, Faculty of Earth and Life Sciences, The 

Netherlands.  

 

 

In the otherwise flat tundra landscape, pronounced 20 to 30 m high ridges of late Pleistocene age ice-

rich Ice Complex deposits (Yedoma) occur (Lavrushin 1963, Kaplina et al. 1980). Degradation of               

ice-rich permafrost from the surface (thermokarst) in response to late Glacial and Holocene climate 

change resulted in ground subsidence and the formation of circular depressions with diameters of 
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several kilometers (Alas) (French 2007, Jorgensen and Shur 2007). Alas depressions alternate with 

Yedoma remnants and are often occupied by lakes, or wetlands and peatlands if drained. On the 

bottom of drained thermokarst lakes frost cracking, ice wedge and polygon formation commonly 

occurs (Mackay 1974, 1999, 2002, Jorgensen and Shur 2007) along with peat accumulation (Jones at 

al. 2012). Consequently, ice-wedge polygon fields occupy Alas depressions as observed in Kytalyk. In 

addition, Pingos of most likely hydrostatic origin (French 2007) are common in the Kytalyk study area. 

The field studies were carried out in the vicinity of Kytalyk field station (70°49’28’’ N, 147°29’23’’ E; 

elevation 11 m a.s.l.), which is located between two Yedoma ridges in the southernmost part of a 

thermokarst depression (Fig. 2-4). This Alas with a diameter of 5.5 km is weakly elongated in 

meridional direction. It is drained by the small Konsor Syane River, a tributary of the Berelekh River, 

passing the entire Alas from north to south. Two Alas levels with 1 to 1.5 m height difference are well-

distinguishable in the satellite image (Fig. 2-4) and in the field. Their bottom levels are situated at four 

to six meters height above Berelekh River level. Ice-wedge polygons and ponds are common in all 

Alas depressions and on the flood plain, but are rare on the western Yedoma ridge. The mean 

dimensions of polygons range from 5 x 10 m up to 20 x 20 m in diameter. The modern vegetation in 

the study area is classified as dwarf shrub, tussock-sedge and moss tundra (CAVM Team 2003). 
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3 Materials and methods 

 

3.1  Overview 

During the expedition “Kytalyk 2011” a comprehensive dataset covering habitat conditions and 

ostracod assemblages in different polygon waters was obtained. Table 3-1 summarizes the field 

dataset and the methodological analyses applied to the collected samples. If not stated specifically, all 

laboratory analyses have been conducted at the AWI laboratory facilities in Potsdam, Germany. 

 

Table 3-1 Overview of methods applied in field and laboratory studies of modern freshwater ostracods and their 

habitats.  

 

 Polygon waters  

(26 locations) 
Monitoring site  Ostracod studies 

Rainwater and  

ground ice 

F
ie

ld
 s

tu
d

ie
s
 

Site characteristics * Site characteristics * > 100 specimens/ 

pond 

22 rain events, 

7 ground ice samples 

Air and water 
temperatures 

Continuous records of 
meteorological and 
hydrological parameters 

(20/07/11 – 26/08/11) 

26 polygon 

waters 

 

Hydrochemistry Hydrochemistry 10 monitoring events  

L
a

b
o

ra
to

ry
 

s
tu

d
ie

s
 

Hydrochemistry ** Hydrochemistry ** Taxonomy  

Sedimentology ** Sedimentology ** Scanning Electron 
Microscopy (SEM) ** 

 

Stable isotope analyses 

of pond water ** 

Stable isotope analyses 

of pond water ** 

Stable isotope analyses 

of valve calcite ** 

Stable isotope analyses 

of rainwater and ground 

ice 

S
ta

ti
s

ti
c
a

l 

a
n

a
ly

s
e

s
 

Non-metric multidimensional scaling (NMDS) 

 

*  Site characteristics comprise information on location and type of polygon waters, dimensions, qualitative   

    vegetation record, and thaw depth. 
** Laboratory studies were supported by Antje Eulenburg (hydrochemistry, AWI), Ute Bastian (sedimentology,  

    AWI), Dr. Hanno Meyer (stable water isotopes, AWI), Dr. Birgit Plessen (stable oxygen isotopes in ostracod       
    valve calcite, GFZ), and Ilona Schäpan (SEM imagery of ostracod valves, GFZ). 

 

3.2 Field studies 

 

3.2.1 Field sampling and analyses 

We selected 26 randomly distributed polygon ponds located on the major landscape units in the 

Kytalyk study area. The selection criteria for the sampled ponds covering the major landscape units 

(Berelekh River flood plain, Yedoma, Alas) were a polygonal origin of the ponds and occurring open 

water. Furthermore, coalescent ponds and thermokarst lakes were included in the survey in order to 

cover different development and degradation stages of polygon waters. For all sites, pond dimensions, 

water depth and thaw depth were measured. For on-site air and water temperature measurements,              

a digital thermometer (ama-digit ad 15
th
) with 0.1°C precision was used.  
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We caught >100 living ostracods per sample and site with a plankton net (mesh size 65 μm) and 

exhaustor system according to Viehberg (2002) at various zones in the pond; in the centre and 

margin, from the bottom and the water column, between plants and in open water. The ostracods were 

subsequently stored in analytical alcohol (96 %) to preserve the soft body for later species 

identification.  

Water was sampled for analyzing standard water parameters (alkalinity, acidity, electrical conductivity, 

pH, dissolved oxygen content, cations, anions, total hardness), nutrient content (NH4, NO3, PO4
3
) and 

stable water isotope composition (D, 
18

O). All samples were taken at depths of about 15 cm below 

the water table and were split for later analyses of different hydrochemical parameters.  

Most parameters were measured in the Kytalyk station immediately after return from the field. Acidity, 

alkalinity, oxygen content, and total hardness were analyzed with titrimetric test kits (Viscolor: Acidity 

AC 7, Alkalinity AL 7, Oxygen SA 10, HE Total Hardness H 20 F). Electrical conductivity (EC) and pH 

were quantified by a portable measuring device (WTW pH/Cond 340i). Samples for hydrochemical and 

stable water isotope analyses were conserved in PE bottles or PE tubes and stored in a cool place for 

transport to the laboratory. Samples for ion composition analyses were filtered by a cellulose-acetate 

filtration set (pore size 0.45 μm) in order to remove sediment and other particulate matter as well as to 

limit the potential for microbial alteration before the sample is analyzed in the AWI main laboratory. 

Samples for cation analyses were treated with 200 μl nitric acid (HNO3, 65 %) to avoid chemical 

reactions during storage and transport. Samples for isotope analyses were preserved without any 

conservation. Nitrogen compounds (NH4, NO3) and phosphate (PO4
3
) of the pond waters were 

measured in the field station with a portable spectral photometer (Hach Lange DR 2800) and test kits 

(Hach Lange: LCK 304 [Ammonium], LCK 339 [Nitrate], LCK 349 [Phosphate]). According to the 

manufacturer, the following limits for the detection of dissolved nutrient compounds were given:                 

0.015 - 2 mg l
-1

 (1.0 - 142.8 µmol l
-1

) for NH4, 0.23 - 13.5 mg l
-1

 (16.4 - 963.8 µmol l
-1

) for NO3 and                       

0.15 - 4.5 mg l
-1

 ( 4.8 - 145.3 µmol l
-1

) for PO4
3
. 

In addition, 22 rainwater and seven ground ice samples for stable isotope analyses were collected and 

preserved without any special conservation. Ground ice samples of different origin were collected in 

drill holes and pits near the monitoring site Kyt-01 (Fig. 4-1): Five from different ice wedges below 

polygon rims, one from the transient layer directly below the frost table, and one from ice lenses within 

a palsa. 

Samples from the uppermost five centimeters at the substrate-water interface were collected from all 

ponds, stored in a cool place and preserved without any conservation for later analyses of substrate 

properties. The surrounding vegetation for each site was assessed qualitatively and plant species 

were determined with standard taxonomic reference literature (Polunin 1959, Kashina et al. 2001, 

Malyschev 2001, Malyschev and  Krasnoborov 2003, Shaulo et al. 2003, Kashina et al. 2004). Moss 

and lichen species were not further identified.  
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3.2.2 Monitoring site 

A monitoring program was carried out in a typical low-centered polygon (Kyt-01) in order to evaluate 

present-day environmental conditions of a polygon pond throughout the summer season 2011.                   

We visited the monitoring site every four days between 20 July and 26 August 2011 in order to collect 

the same data-sets and biological sample packages as from the other pond sites described above.  

The thaw depth was measured in the pond center and in the polygon rim in four day intervals.                     

We detected the permafrost table three times at the same spot and averaged the values since the 

frost table was not completely flat. 

Furthermore, an active layer depth and ground surface elevation transect was measured across the 

monitoring site. The end of the field season (26 August 2011) was chosen for the measurements when 

maximum thaw depths were expected. To obtain data about the surface microrelief and to establish              

a horizontal reference line, we used a so-called water level tube. A flexible tube with open ends was 

filled with water. Based on the position of the meniscus in the tube we could construct a horizontal line, 

which was indicated using a string attached every three meters to a wooden pole. We measured the 

ground surface elevation, the water table height, and the active layer depth in one-meter intervals 

across the pond.  

 

3.2.3 Monitoring instrumentation 

Throughout the period from 20 July until 26 August 2011
 
four

 
data sensors were installed in the pond 

to record continuous data-sets (Tab. 3-2). In the pond center, water temperature (Tw), electrical 

conductivity (EC) and water level (WL) were recorded in different water depths. EC and water level 

data sensors had additional water temperature sensors included. The devices were fixed to a wooden 

pole with tape while making sure the sensors were exposed directly to the water. Obtained water level 

data were corrected by air pressure differences to calculate the actual water table fluctuation in the 

pond. Air pressure data were kindly provided by J. van Huissteden, Vrije Universiteit Amsterdam, 

Faculty of Earth and Life Sciences, The Netherlands. The air temperature (Ta) was measured at two m 

height on the polygon rim. The sensor was protected with a solar radiation shield. Temperature 

sensors have been calibrated by putting them into icy water for 24 hours. The data sensors measured 

their specific values every 30 minutes.  

 

Table 3-2 Overview about location, logger type and time period of the installed data sensors.  

Parameter Location Device Measuring period 

Water temperature (Tw 5) pond centre,  

5 cm water depth 

MinidanTemp 0.1, ESYS 20/07/11 – 26/08/11 

Electrical Conductivity (EC), 

Water temperature (Tw 15) 

pond centre, 

15 cm water depth 

HOBO U24 Conductivity 
Sensor 

20/07/11 – 26/08/11 

Water level (WL), 

Water temperature (Tw 30) 

pond centre, 

30 cm water depth 

HOBO Water Level/ Temp 
Sensor (U20-001-04) 

20/07/11 – 26/08/11 

Air temperature (Tair) 2 m above ground  MinidanTemp 0.1, ESYS 20/07/11 – 26/08/11 
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3.3 Laboratory studies 
 

3.3.1 Ostracod species identification 

Sediment particles adhered to the ostracods were removed by hand with a needle under a Zeiss Stemi 

SV II binocular microscope at x12 magnification. Subsequently, the ostracods were grouped according 

to morphological characteristics of their valves. During the entire procedure the ostracods were stored 

in analytical alcohol (ethanol, 96 %). The classification of recent ostracods is based on species-

specific soft body morphology of limb and reproduction organs in particular. For the final taxonomic 

identification permanent slides have been prepared from three to five adult specimens of each sex and 

taxon. Therefore, the valves were separated and the soft body was mounted on a microscope slide in 

glycerine, dissected with fine needles, and sealed by a cover glass and nail polish. A detailed 

description for dissection and slide-preparation of ostracods is given by Namiotko et al. (2011).                    

Soft body characteristics were examined by using a Zeiss Axiolab binocular microscope at x100 and 

x400 magnification. Identification keys from Brehm (1911), Alm (1914, 1915), Bronshtein (1947), 

Pietrzeniuk (1977), Henderson (1990) and Meisch (2000) were used for taxonomic identification. The 

remaining valves were air dried and stored in micropalaeontological slides (Celka). Finally, all 

identified ostracod specimens were counted and presented in diagrams using the C2 software 

(Juggins 2010). 

Selected ostracod valves of all identified species have been photographed at x70 magnification by a 

Scanning Electron Microscope (SEM, Zeiss SMT GEMINI Ultra 55 Plus) at the German Research 

Centre for Geosciences (GFZ) in Potsdam, Germany. Prior to SEM imagery, the clean valve surfaces 

were coated with 20 nm thick gold-palladium alloy in order to optimize their electrical properties when 

being exposed to a high-energy electron beam of 10 kV intensity during the scanning process.  

 

3.3.2 Hydrochemical analyses  

The composition of dissociated ionic compounds (cations and anions) in the pond water was assessed 

with Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES). This is an analytical 

method to identify and quantify element compositions applying an optical emission spectrometer 

(Perkin-Elmer Optima 3000 XL) and control standards (Promochem LGC QCI 051 and SR-2). The 

analysis technique employs the emission of photons from ions that have been excited by inductively 

coupled plasma at temperatures of 6000 to 8000 °C. The specific wavelengths of emitted photons is 

used to identify the elements from which they originated. The total number of photons is directly 

proportional to the concentration of the originating element in the sample. Finally, the results were 

interpreted as cation composition. 

Anion composition was determined by ion chromatography (IC). Types and concentrations of anions in 

a liquid sample were determined based on their interaction with a resin during the analyzing process in 

an ion chromatograph (Dionex DX 320). The control standards SpectraPure SPS-SW-1 and                          

SPS-SW-2 were used. In this analytical method, sample solutions travel together with an eluent 

through a pressurized chromatographic column. Depending on size and shape of the ions, they get 

absorbed by ion exchange resins, or travel further in the column. The retention time and travel 
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distance of different ions was employed to determine the anion types and concentrations in the 

sample.   

Hydrogen carbonate concentrations (HCO3) were determined by titration against 0.01 M l
-1

 

hydrochloric acid (HCl) using an automatic titrator (Metrohm 794 Basic Titrino) for potentiometric pH 

terminus titration. The analytical precision for analyses of dissociated ionic compounds is 10 %. The 

hydrochemical composition of the waters was presented in ternary diagrams using Grapher 8 

software. 

 

3.3.3 Substrate analyses  

Pond surface sediment was analyzed for grain size distribution, magnetic susceptibility, carbon, 

nitrogen and sulfur content. Moist sediment samples were freeze-dried (Christ ALPHA 1-4), gently 

manually homogenized, and split into equal parts for the various analyses. 

For grain size distribution analyses Laser-Granulometry (Beckmann Coulter LS 200) was applied. 

Grain size analyses were carried out on organic-free, pH adjusted samples. An amount of 

approximately one gram of sediment was dispersed in 0.5 to 0.75 l of 1 % ammonia solution (NH3) and 

placed in an overhead shaker (Gerhardt laboshake) for at least 24 hours. Subsequently, the samples 

were split into eight homogenous subsamples for grain size determination. Each subsample was 

measured at least in duplicate. The grain-size determination is based on laser diffraction by different 

particle sizes. A photo detector registers the laser flux pattern for the correlation of diffraction angles 

and light intensities corresponding to the particular grain sizes. The results were averaged and 

exported to SediVision 2.0 software for further statistical evaluation.  

The mass-specific magnetic susceptibility () describes the degree to which a mineral can be 

magnetized by applying an external magnetic field. Thus, the susceptibility of sediments is an indicator 

for the amount of ferri- and ferromagnetic minerals present in sediment samples. The mass-specific 

magnetic susceptibility was measured from 10 g dry sediment with a Bartington MS2 instrument 

equipped with a MS2B sensor. Each sample was measured three times and the mean was calculated. 

The unit of the mass specific magnetic susceptibility is expressed as ‘SI’ in the text and refers to                   

10
-8

 m³ kg
-1

. 

Biogeochemical parameters as total carbon (TC), total organic carbon (TOC), total inorganic carbon 

(TIC), total nitrogen (TN), total sulfur (TS) content were determined to identify biological productivity 

and the degree of decomposition of organic matter accumulated in the pond surface sediment. TC, 

TOC, TN and TS contents were obtained from a carbon-nitrogen-sulfur (CNS) analyzing device 

(Elementar Vario EL III). Element analytics are based on catalytic combustion under oxygen supply at 

high temperatures. Prior to the measurements, freeze-dried samples were grinded (Fritsch pulverisette 

5) and homogenized. Material for TOC quantification was additionally treated with 1.3 M l
-1

 HCl and 

heated to 97°C for three hours for de-carbonating. Eight milligrams of sample material were weighted 

into zinc capsules and analyzed in duplicate. Blank measurements for background detection and 

seven standards (EDTA 10:40, 40026, Marine Sediment, IVA2150, L-Cystine, Bodenstandard 2, 

CaCO3 12 %) were employed for calibration of the analyzing device. Control standards were analyzed 

in 15 sample intervals to ensure correct results with a device-specific precision of ± 0.1 weight %. TIC 

content was calculated from the difference between TC and TOC. The obtained values are given as 
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weight percent (wt %). The rate of mineralization of organic substances as well as the metabolic 

affiliation of plants (e.g. algae, terrestrial C3, C4) can be determined by the relation of TOC/TN. 

 

3.3.4 Stable isotope analyses  

Pond, rainwater and ground ice samples were analyzed by equilibration technique (Meyer et al. 2000) 

for stable oxygen and hydrogen isotopes (D, 
18

O) using a Finnigan MAT Delta-S mass-spectrometer 

at the Stable Isotope Laboratory of the AWI in Potsdam. The principal technique of stable isotope 

analyses is the detection of specific atomic mass differences of certain isotopes and their ratios 

relative to a standard. The advantage of the equilibration technique is that the procedure is fully 

automatic and D and 
18

O can be quantified in the same run (Meyer et al. 2000).  

About three milliliters water sample were used. For D-measurements, the water sample equilibrated 

three hours with a H2 gas of known isotopic composition. The equilibrated H2 gas was transferred to 

the mass spectrometer, where the hydrogen isotope ratio was measured 10 times per sample. The 

mean D value was calculated automatically. For 
18

O-measurements, the same three milliliters of the 

water sample equilibrated 6.5 hours with a standard CO2 gas. According to the hydrogen isotope 

measurement, the equilibrated CO2 gas was transferred to the mass spectrometer, where the oxygen 

isotope ratio was determined eight times per sample. The mean 
18

O value from the eight 

measurements was calculated automatically. The obtained values are expressed as delta per mil 

notation (, ‰) in relation to the Vienna Standard Mean Ocean Water (VSMOW). The analytical 

precision of the device is ± 0.3 ‰. The reproducibility of these data derived from long-term standard 

measurements for D is ± 0.8 ‰ and for 
18

O is ± 0.1 ‰, respectively. In total, 65 samples were 

measured from 36 pond water samples, 22 rainwater samples, three river water samples and seven 

ground ice samples.  

Surface substrate samples were analyzed for 
13

C using a Finnigan MAT Delta-S mass-spectrometer 

at the Stable Isotope Laboratory of the AWI in Potsdam. Carbonate-free samples were burned at 

950°C. The released CO2 gas originated from organic sources and was transferred to the mass 

spectrometer. The obtained values are expressed as delta per mil notation (, ‰) and in relation to the 

Vienna Pee Dee Belemnite (VPDB). The reproducibility derived from standard measurements over 

long time period is better than 0.15 ‰. In total, 27 surface substrate samples were analyzed.  

Samples from the monitoring site (Kyt-01) with sufficient numbers of adult specimens of the ostracod 

species Fabaeformiscandona pedata were used to determine the stable oxygen isotope composition 

of the valve calcite. The analyses were carried out at the German Research Centre for Geosciences 

(GFZ) in Potsdam, Germany. The valves were cleaned by removing soft body parts under a stereo 

binocular microscope and subsequently air-dried. No further chemical techniques were employed 

since pre-treatment methods are known to bias the isotope data which can considerably shift their 

isotopic signatures (Keatings et al. 2006, Mischke et al. 2008, Caproletti 2011). 

To ensure enough material for stable isotope analyses (10 μg), five to eight clean valves of either 

female or male specimens from the same monitoring event were aggregated. Prior to the 

measurement, the valves were dissoluted in 103 % phosphoric acid (H3PO4). The forming CO2 gas 

was converted into an automatic preparation line (KIEL IV Carbonate Device), coupled with a Finnigan 

MAT 253 mass-spectrometer. Each subsample was measured in duplicate and the isotope ratio was 
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determined eight times. The mean 
18

O value was calculated automatically. Isotope rations are 

expressed as delta per mil notation (, ‰) relative to the Vienna Pee Dee Belemnite (VPDB) standard. 

The international calibration standard NBS19 was employed for calibrating 
18

O measurements. The 

analytical precision for 
18

O is better than 0.06 ‰. The reproducibility derived from standard 

measurements over a 1-year period is ± 0.02 ‰. In total, 34 aggregated samples from the monitoring 

pond KYT-1 were measured; 16 from female and 18 from male Fabaeformiscandona pedata valve 

samples. The measurements represent nine out of ten monitoring events during 2011 missing the first 

event when not sufficient material of adult F. pedata was obtained. 

 

3.4 Multivariate statistical analyses  

A non-metric multidimensional scaling (NMDS) was applied the ostracod dataset and environmental 

parameters obtained from the ponds using the package vegan (version 2.0-7, Oksanen et al. 2008; 

2013) in R software version 2.15.1 (R Development Core Team, 2008). This method is useful to 

explore relationships between species assemblages in samples and to visualize those in a                           

two-dimensional (k=2) coordinate system (Leyer and Wesche 2008, Legendre and Birks 2012).  

The ostracod record used for the NMDS comprises seven taxa (Candona muelleri-jakutica, 

Cyclocypris ovum, Fabaeformiscandona krochini, F. pedata, Fabaeformiscandona sp. I, 

Fabaeformiscandona  sp. II, juvenile Candoninae) and was given in percent. Species that occur in a 

single sample of the record (Cypria exsculpta, F. groenlandica, F. harmsworthi, F. protzi, 

Pseudocandona sp.) were excluded from the analyses. Furthermore, pond Kyt-11 was excluded due 

to low ostracod abundances of only four identified individuals. For the monitored site Kyt-01 monitoring 

event no. six (09/08/2011) in the middle of the season was selected. Prior to performing the analyses, 

a square-root transformation and Wisconsin double-standardization were applied to smooth strong 

variations in species frequency between the samples. The Bray-Curtis Dissimilarity index was chosen 

for evaluating distance relationships (similarities) amongst the samples. The index is frequently used 

by ecologists to quantify differences between samples based on abundance or count data (Leyer and 

Wesche 2008).  

In addition, a set of 24 environmental parameters (air and water temperatures, dimensions of the 

water body, hydrochemical data, major ion composition [values in mg l
-1

], sedimentological properties 

and grain size composition [amount of clay, sand, silt, values in %]) was superimposed on the biplot. 

Passively superimposed environmental parameters on the plotted ostracod species distribution 

allowed evaluating the explanatory potential of single environmental factors and concluding which 

factors might have caused the species distribution. For the monitored site Kyt-01, recorded 

environmental parameters from monitoring event no. six (09/08/2011) in the middle of the season were 

chosen. Nutrients dissolved in the waters were excluded from the analyses. Principal component 

analyses (PCA) is not suitable in that particular context since the method cannot handle frequent zero-

values as present in the ostracod species assemblage. 
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4 Results  

 

4.1 Selected sites and general characteristics (Kyt-01 to Kyt-27) 

In total, 27 polygon waters were studied. Three ponds were located on the western Yedoma ridge,              

15 in both Alas levels (10 from the upper, five from the lower level) and nine waters in the Berelekh 

River flood plain. Site Kyt-01 was the location of the monitoring site. Figure 4-1 and Table 4-1 

summarize the location and general characteristics of the studied polygon waters.  

 

 

 

Fig. 4-1 Location of the pond sites in the study area around the Kytalyk field station (red mark). GeoEye image 

from August 2010 with 0.5 m resolution. Dark signatures on the GeoEye satellite image indicate frequent 

occurrence of small surface waters. Courtesy of J. van Huissteden, Vrije Universiteit Amsterdam, Faculty of Earth 

and Life Sciences, The Netherlands. 
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In general, the shape and depth of the studied waters was highly diverse. Most of the studied polygon 

ponds were located in the upper Alas level. There, polygon depressions with very shallow (< 10 cm) 

water depth, that were almost overgrown by graminoid vegetation, occurred frequently. Ponds with 

sufficient open water areas occurred near the north-east facing slope of the western Yedoma ridge. 

On the lower Alas level intrapolygon ponds were commonly found as illustrated in the GeoEye satellite 

image (Fig. 4-1). Increasing thaw depth in summer restricted the studies of polygon waters in the lower 

Alas level to its southern margin. Kyt-07 was reached during a boat excursion. Mean water depths in 

ponds located in both Alas levels were similar (35 - 36 cm) except ponds Kyt-02; -05 and -12 which 

were thaw lakes of 70 to > 100 cm depth. In contrast to predominantly dry soil conditions in polygon 

rims in the upper Alas, polygon rims in the lower Alas level were less pronounced in height and higher 

soil moisture was observed. Differences in vegetation composition on the polygon rims, polygon rim 

height and soil moisture resulted in deeper thaw in the lower Alas level. 

On the western Yedoma ridge, three ponds were sampled. Two of them (Kyt-09 and -10) were 

associated with a rivulet draining the Yedoma ridge. Thaw depth below the water body (39 cm) and its 

surroundings (40 cm) did not differ significantly. On the eastern Yedoma ridge, ponds were absent.  

Most of the nine studied polygon ponds in the Berelekh River flood plain were located in an area 

surrounded by a meander loop. Ponds Kyt- 24; -25 and -26 were reached during boat excursions. 

Waters in the flood plain area were characterized by water depths of 50 up to > 100 cm and the 

largest observed thaw depths at the pond margins (mean 50 cm). It should be mentioned that water 

and thaw depth values at different sites were influenced by ongoing surface thawing processes 

throughout the summer season. 

 

Table 4-1 Location, type, number and selected characteristics of the studied polygon waters according to major 

landscape unit and water type. Water and thaw depth are given in cm, the values are averaged (av.). For 

additional information see Appendix I. 

Landscape 

unit 

Number  

of waters 

Site code  

Kyt –  

Av. water 

depth 

Av. thaw depth 

pond center 

Av. thaw depth 

rim  

Yedoma 3 09; 10; 27 27 39 40 

Upper alas  10 01; 02; 05; 06; 08; 11;  

12; 13; 14; 15 

36 to > 100 37 33 

Lower alas  5 03; 04; 07; 16; 17 35 45 38 

Berelekh River 

flood plain 

9 18; 19; 20; 21; 22; 23;  

24; 25; 26 

50 to > 100 32 50 

Water type Number of 

waters 

Site code  

Kyt – 

Av. water 

depth 

Av. thaw depth 

pond center 

Av. thaw depth 

rim 

Intrapolygon 

pond 

12 01; 03; 04; 06; 07; 11; 

15; 16; 17; 23; 25; 26  

38 43 41 

Interpolygon 

pond 

6 08; 14; 18; 20; 21; 22 54 29 43 

Thaw lake 3 02; 05; 12;  70 to > 100 no data 33 

Other type 6 09; 10; 13; 19; 24; 27 32 to > 100 40 42 
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Among all studied waters, twelve were characterized as intrapolygon ponds, while six were 

interpolygon ponds (Tab. 4-1). Three interconnected ponds were studied and grouped as thaw lakes 

(Kyt-02; -05; -12). Four waters associated with rivulets, and two ponds of unclear origin located in the 

Berelekh River flood plain were comprised as other types.  

Intrapolygon ponds in (Fig. 4-2, Kyt-04; -16) were typically shallow (range 15 - 70 cm, mean 38 cm 

water depth) rounded waters located in the central depression of low center polygons. Mean size of 

the water body was 14.5 x 13 m. The ponds were observed to have a slightly inclined bottom profile.                

A clear vegetation differentiation was observed between the polygon depression with wetland plants at 

its margin, and the polygon rim dominated by mosses and dwarf shrubs. The differences in thaw depth 

beneath the water body (mean 43 cm) compared to the adjacent polygon rim (mean 41 cm) were low. 

Interpolygon ponds represented an advanced degradation state of polygonal landscapes with the most 

diverse morphology (Fig. 4-2, Kyt-14; -18; -22). Those waters occupied elongated troughs created by 

thawing ice-wedges. They were on average 3.6 m wide (range 1 - 5.5 m) and up to 24.6 m long (mean 

of the longest troughs was 14 m). Interpolygon ponds appeared in distinct contours; for example X- or 

Y-shaped. Submerged rim vegetation (Betula) and flat upper endings of ice-wedges in the pond´s 

bottom clearly indicated ice-wedge degradation. Interpolygon ponds were characterized by steep, 

almost vertical margins and reached an average water depth of 54 cm (range 50 - 67 cm). Due to their 

depth, a gradient in water temperature with depth down to the thawing ice-wedge was observed 

occasionally. Interpolygon ponds contained on average 29 cm (range 18 - 45 cm) unfrozen organic 

sediment above the ice wedges while the mean thaw depth of the rims was 43 cm. The polygon 

centers in such areas were mostly dry and occupied by dwarf shrub, lichen, and moss communities.  

As shown in Table 4-1, differences in thaw and water depth between intra- and interpolygon ponds 

were remarkable. While mean water depth in intrapolygon ponds was on average 38 cm, interpolygon 

ponds with mean water depth of 54 cm were clearly deeper. Variations in thaw depth below the water 

column were reversed. Here, the thaw depth under intrapolygon ponds was on average 43 cm which 

was deeper than a mean thaw depth of 20 cm under interpolygon ponds. 

Thaw lakes (Fig. 4-2, Kyt-05) were 70 to > 100 cm deep and had steep margins similar to those of 

interpolygon ponds. Along the shorelines, polygonal microrelief indicated a flooded polygon 

landscape. Information on maximum water and thaw depth were not obtained for thaw lakes because 

those waters had too large dimensions to reach their centre for adequate measurements.  

Waters connected to a rivulet (Kyt-9; -10; -13; -27; Fig. 4-2, Kyt-13) showed a vague polygonal 

structure and are eventually following depressions above initially thawing ice wedges. On average, 

they were 32 cm deep with similar thaw depths beneath the water body and the rim. In two cases    

(Kyt-9 and -10), the waters were densely occupied by wetland vegetation along the margins. 

Streaming water was not observed. Two oxbow lake remains (Kyt-19; -24, Fig. 4-2) were studied in 

the Berelekh River flood plain. Both had a circular shape with diameters of 20 - 50 m and marginal 

thaw depths of around 50 cm in common. For Kyt-19; -24; -25 and -26 no exact information on central 

water and thaw depth are available since the waters had too large dimensions to reach their centre.  

In shallow ponds up to approximately 50 cm depth the bottom substrate was visible indicating clear 

water. However, some ponds displayed brownish to reddish water colour.  
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Fig. 4-2 Different types of polygon waters and variations in morphology. Left column: Kyt-04 and Kyt-16 are 

typical intrapolygon ponds. KYT-5 is an example of a thaw lake while Kyt-13 is connected with a rivulet. Right 

column: Kyt-14, Kyt-18 and Kyt-22 are typical interpolygon waters; Kyt-19 with a circular shape is an oxbow lake 

located in the Berelekh River flood plain. Photographs: A. Schneider.  
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4.2 Vegetation characteristics 

 

The floral composition growing in the immediate surroundings of the studied waters in the major 

landscape units is summarized in Table 4-2. Yedoma ridges were dominated by erect dwarf-shrubs 

growing less than 40 cm high. The vegetation in the Berelekh River flood plain was characterized                 

by sedges, grasses and low shrubs above 40 cm high (Fig. 4-2, Kyt-18; Kyt-22).  

 

Table 4-2 Vegetation communities in the major landscape elements in the Kytalyk study area. Descriptions of 

plant communities follow the classification given in the CAVM (2003). Rather common species are marked with a 
star *, all unmarked species occurred occasionally. Except Sphagnum spp., mosses and lichen were not 

identified. 
 

Relief unit Vegetation composition 

Yedoma Dwarf-shrub tundra 

Betula nana*, Carex aquatilis ssp. stans, Cassiope tetragona, Empetrum nigrum, Eriophorum 

angustifolium*, Eriophorum vaginatum*, Ledum palustre*, Luzula sp., Pedicularis cf. lapponicus, 

Poaceae, Rubus chamaemorus, Salix cf. myrtoloides, Salix spp., Sphagnum spp., Vaccinium vitis-

idaea*, Vaccinium uligunosum 

Flood plain Sedge, moss, low-shrub wetland 

Caltha palustris, Carex aquatilis ssp. stans*, Eriophorum angustifolium*, Hippuris vulgaris*, 

Pedicularis cf. lapponicus, Petasites frigidus, Potentilla palustre*, Ranunculus pallasii, Ranunculus 

cf. hyperboreus, Ranunculus triparitus, Ranunculus sp., Rumex arcticus, Salix spp*., Sparganium 

hyperboreum*, Sphagnum spp. *, Utricularia ochroleuca*,  Utricularia vulgaris*, Valeriana capitata 

Alas 

(polygon 

rims) 

 

 

 

Alas 

(polygon 

centers) 

Nontussock sedge, dwarf-shrub, moss tundra 

Andromeda polifolia*, Betula nana*, Carex aquatilis ssp. stans, Empetrum nigrum, Eriophorum 

angustifolium, Eriophorum vaginatum*, Ledum palustre*, Pedicularis cf. lapponicus, Poaceae, 

Pyrola grandiflora, Rubus chamaemorus*, Salix cf. myrtoloides, Salix spp., Saxifraga hirculus, 

Sphagnum spp. *, Rumex arcticus, Vaccinium vitis-idaea*, Vaccinium uligunosum  

Sedge/grass, moss wetland 

Caltha palustris, Carex aquatilis ssp. stans*, Carex chordorrhizza*, Carex spp., Eriophorum 

angustifolium*, Lychnis sp., Polygonum viviparum, Potentilla palustre, Ranunculus pallasii, Rumex 

arcticus, Salix cf. myrtoloides, Salix spp., Sparganium hyperboreum*, Sphagnum spp., Utricularia 

ochroleuca* 

 

In both Alas levels, vegetation composition was different in polygon centers and on polygon rims                  

(Fig. 4-2, Kyt-04, Tab. 4-2). Plant communities on slightly elevated microsites such as on polygon rims 

were composed of non-tussock sedge and dwarf-shrub tundra with a continuous moss and lichen 

understory. Vascular plant heights were generally 10 - 20 cm, some dwarf shrubs grew up to 30 cm 

high. Carex spp. and Eriophorum spp. were also present in low numbers in rim communities.                         

In contrast, sedges, grasses, and mosses (mainly Sphagnum spp.) dominated in polygon depressions, 

pond margins and shallow waters. Variations in plant communities were absent at interpolygon pond 

sites. Here, dwarf shrub communities occurred across complete polygons with dry centers and up to 

the pond shore (Fig. 4-2, Kyt-14). 
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4.3 Characteristics of the ostracod habitats 

 

4.3.1 Substrate properties 

Sedimentological characteristics are important to examine when studying ostracod assemblages since 

the interface between the uppermost few centimetres of the substrate and the bottom water,                          

or subaquatic vegetation, provide food and home to benthic ostracods. The pond substrate at the sites 

consisted mainly of unconsolidated fine material characterized by a multimodal grain size distribution 

(Fig. 4-3 a). The grain size distribution (Fig. 4-3 b) comprised clay (10 - 20 % content), silt (30 - 70 %), 

fine grained sand (up to 30 %) and reached a considerable amount of medium and coarse grained 

sand (10 - 20 %). The silt fraction was clearly dominant. In ponds Kyt-10; -13; -15 and -21 the amount 

of medium and coarse grained sand exceeded 40 %. Those four ponds belong to different landscape 

units and water types studied. The mass-specific magnetic susceptibility ranged from 28 - 50 SI with             

a mean of 40 SI, with a stronger variance up to 66 SI at sites located in the Berelekh River flood plain 

(Kyt-18 to -26). Occasionally, plant fragments such as roots, rhizomes and leaves were observed                  

in different size and decomposition stages in the pond substrates.  

 

          

 

 

Fig. 4-3 Grain size distribution of the pond substrate from the 27 studied waters in Kytalyk. (a) Grain size 

distribution curves. (b) Grain size distribution in %, median of the grain sizes and mass-specific magnetic 

susceptibility (MS) of the substrate with respect to landscape units.  
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Fig. 4-4 Biogeochemical substrate properties of the studied 27 periglacial waters with respect to landscape units. 

TIC - total inorganic carbon, TOC - total organic carbon, TN - total nitrogen, TS - total sulfur. Note varying scales. 

 

 

 

 

Fig. 4-5 Biogeochemical substrate properties of the studied 27 periglacial waters with respect to water types.   

TIC - total inorganic carbon, TOC - total organic carbon, TN - total nitrogen, TS - total sulfur. Note varying scales. 
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Biogeochemical sediment properties grouped according to landscape units are given in Fig. 4-4.        

Mean TIC content in the pond substrate was 1.6 % while the amount of TOC varied between 11 and 

44 % (mean 30 %). The lowest amounts of TOC (11 - 26 %) were found at sites located in the 

Berelekh River flood plain while substrate from ponds in all other landscape units contained 

considerably higher TOC portions (26 - 50 %). One interpolygon pond (Kyt-14) located in the upper 

Alas level displayed  a relatively low TOC content (18.4 %). On average, TN of the substrate in all 

studied sites was 2 %. In pond substrate from the river flood plain, TN content was rather low (1 %) 

compared to the amount of TN in sediments from all other landscape units (2 - 3.5 %). Furthermore, 

the substrate was characterized by TOC/TN ratios ranging from 11 - 17 (mean 13). Those values 

clearly indicated terrestrial C4 vegetation in the surroundings of the ponds. Sediments from Kyt-27 

located on the Yedoma ridge had a considerably higher TOC/TN ratio (20.2). The mean 
13

C value in 

the substrate was -32 ‰ with a range between -34 and -31 ‰. Again site Kyt-27 was clearly different 

with a less negative 
13

C value of -29 ‰. At that site, algae mats and mosses were growing in the 

pond, while intact or little decomposed leaves and twigs of Betula and Salix were found in the 

substrate. Sulfur (S) content of the sediments was rather low with an average of 0.2 %                              

(range 0.1 - 0.3 %). At site Kyt-06, higher S content (0.4 %) was most likely the source of intense                    

H2S smell recognized during field work.  

Figure 4-5 summarizes biogeochemical sediment properties grouped according to water types.                    

TOC content in substrate of most interpolygon ponds was < 25 % while substrate from intrapolygon 

ponds contained with > 33 up to 44 % conspicuously higher amounts of TOC. A similar differentiation 

exists for TN amounts in pond substrate from those two water types. Intrapolygon ponds were 

observed to contain around 3 % of TN, while interpolygon ponds contained around 1 % of TN.                          

Ponds located in the flood plain did not follow this separation. Substrate in intrapolygon ponds had 

lower TOC/TN ratios (mean 12.5) compared to interpolygon pond substrates (mean 13.2) and all 

others (mean 14.7). TS content (mean 0.2 %) and 
13

C (mean -32 ‰) values were similar in most 

studied water types. In summary, the biogeochemical substrate properties reflected a rather similar 

composition and offered habitat conditions to ostracods that varied in a narrow range. TOC and TN 

amounts were found to be lower in the flood plain area and in interpolygon ponds. In contrast, 

intrapolygon ponds that were not located in the flood plain were characterized by comparatively higher 

TOC and TN values, but lower TOC/TN ratios. 

 

4.3.2 Hydrochemical variables and temperature regime 

Beside sedimentological characteristics, hydrochemical parameters (water temperature, hardness, pH, 

dissolved oxygen content, EC, nutrients, alkalinity, acidity, major ion composition) characterize the 

ostracods habitat and are therefore another important environmental variable to examine. The results 

presented are grouped according to location (Fig. 4-6) and water type (Fig. 4-7). Air and water 

temperatures showed similar patterns since the temperature of shallow water bodies was closely 

linked to the prevailing air temperature. Weather conditions during the 2011 field season showed                    

a wide range in temperatures from 5.0 - 25.0 °C (Tair, mean: 12.2 °C) and 5.5 - 23.5 °C (Twater, mean: 

11.7 °C) at the sampling time. Water and air temperature had a great variability (5 to > 20° C) when 

sampling ponds in both Alas levels and sites on the Yedoma ridge. Air and water temperatures below 
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10 °C were recorded when sampling most interpolygon pond sites as well as some intrapolygon ponds 

(Kyt-15; -16; -25; -26), thaw lakes (Kyt-05) and other water types (Kyt-24; -27). Warmer air and water 

temperatures (> 10 °C) were present when sampling the remaining ponds. Temperatures in ponds 

located on the flood plain were lower (10 °C) since those were sampled during the latest phase of the 

field season. For Kyt-19 no air temperature was measured. Measurements of pH indicated the pond 

waters were acidic to circumneutral (mean 6.3) ranging from 5.5 - 7.1 in waters from all studied 

landscape units and water types. The water hardness varied in a range from 1.5 - 7.5 °dH with a mean 

of 4 °dH. In sites Kyt-01 and -02 (1.5 °dH), located in the lower Alas level, the lowest water hardness 

were found. The highest values in sites Kyt-14; -16; -17, and -19 range between 5.0 and 7.5 °dH and 

occurred in waters from both Alas levels and the flood plain area. Ponds that were identified to have 

slightly higher or lower water hardness belong to different groups of studied waters.  

 

 

 

 

 

Fig. 4-6 Hydrochemical parameters of ponds Kyt-01 to -27 with respect to landscape units. EC refers to electrical 

conductivity. Nutrient content is presented in µmol l
-1

 for more convenient visualization. Note varying scales. 
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The amount of dissolved oxygen in the studied waters was on average 8.7 mg l
-1

 with a range 

between 5.4 and 11.8 mg l
-1

. Furthermore, the EC, representing the amount of dissolved ionic 

compounds present in the waters, was on average 35 μS cm
-1

 (range 19 - 53 μS cm
-1

). Ponds with               

a comparative higher EC (Kyt-06: 153 μS cm
-1

; Kyt-19: 61 μS cm
-1

) belonged to different types and 

locations. Kyt-06 was an intrapolygon pond located in a drained thermokarst depression while Kyt-19 

was an oxbow lake in the Berelekh River flood plain. The EC of river water was                                  

21 - 22 μS cm
-1

, the pH was 6.3 - 6.4. The concentrations of dissolved nutrients in the pond waters 

were < 4 µmol l
-1

 for Ammonium (NH4) and up to 60 µmol l
-1 

for Nitrate (NO3), if above detection limit. 

NO3 dominated over NH4 in most studied waters. In ponds located in the Berelekh River flood plain the 

amount of NO3 was considerably lower (mean 12.4 µmol l
-1

) and smaller fluctuations compared to 

waters from other landscape units (mean 31.8 µmol l
-1

) were observed. Dissolved phosphate (PO4
3
) 

was below the detection limit (4.8 - 145.3 µmol l
-1

) in all waters except Kyt-02 (9.2 µmol l
-1

).  

 

 

 

 

Fig. 4-7 Hydrochemical parameters of ponds Kyt-01 to -27 with respect to water types. EC refers to electrical 

conductivity. Nutrient content is presented in µmol l
-1

 for more convenient visualization. Note varying scales. 
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Polygon ponds displayed narrow ranges of acidity (0.4 mmol l
-1

) with a few exceptions. Ponds with 

acidity values of 0.6 mmol l
-1

 are Kyt-10 and -11 that belonged to different water types and locations. 

Alkalinity, or acid neutralizing capacity, varied between 0.2 and 1.6 mmol l
-1

. Site Kyt-06 with an 

alkalinity of 1.6 mmol l
-1

 was also characterized by the highest EC. 

The major ion composition of the waters is presented in a ternary plot Fig. 4-8. The studied waters 

were characterized by similar amounts of dissolved cations and anions. The waters contain on 

average 3.6 mg l
-1

 calcium (Ca), 2.0 mg l
-1

 magnesium (Mg), 0.9 mg l
-1

 sodium (Na) and 0.6 mg l
-1

 

potassium (K). The cation content of flood plain waters and interpolygon ponds clustered at a point 

slightly narrower compared to the more scattered values of other waters. Sulfate components were 

below detection limit. All waters had an average content of 11.5 mg l
-1

 hydrogen carbonate (HCO3) 

and the absence of sulfate (SO4) in common. The waters contained on average 0.4 mg l
-1

 chlorine 

(Cl). The relative concentration of cations in the ponds was Ca > Mg > Na > K, while the relative 

concentration of anions was HCO3
 
> Cl.

 
The dissolved ion content was generally low and similar in all 

studied waters, and was congruent with the waters of the two sampled rivers (Konsor Syane, 

Berelekh). Only in the Berelekh River SO4 was present (1.5 mg l
-1

). 

 

 

 

 

Fig. 4-8 Major ion composition of the 27 studied waters according to (a) landscape unit and (b) water type, 

presented in percent.  
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4.4 Monitoring of a typical low-centre polygon (Kyt-01) 

 

4.4.1 General characteristics 

Beyond studying a number of different waters on the four major landscape units, one pond was 

instrumented continuously and visited in four day intervals in order to access temporal biotic and 

abiotic variability throughout the summer season in 2011. The monitoring site (Kyt-01) was a typical 

low-centered polygon located on the upper Alas level. It covered an area of approximately 20 x 30 m 

(Fig. 4-9) and was surrounded by other low-centered polygons with and without ponds. The central 

depression accommodated an 11.5 x 13.5 m wide intrapolygon pond. A boggy moss-sedge-zone, 

polygon walls and frost cracks completely enclosed it, except along the eastern margin where                        

a narrow rim zone without frost cracks was observed. The polygon rims rose 0.3 to 0.4 m above the 

pond water table. The thaw depth below the pond center was 40 - 58 cm while it was 19 - 24 cm at the 

polygon rims (Fig. 4-9c). Air and water temperatures, water level, hydrochemical properties and the 

ostracod assemblage were monitored. Substrate characteristics are described in chapter 4.3.1. 

Hydrochemical properties of the first monitoring event (20 July 2011) are presented in chapter 4.3.2 

and are examined over the entire monitoring period in the following. 

 

 

 

Fig. 4-9 The monitoring site Kyt-01. (a) Photograph of the monitoring pond Kyt-01 with an arrow indicating the 

position of the data sensors in the pond center. View towards E. Buildings in the background belong to the Kytalyk 

field station. Photograph: A. Schneider. (b) Schematic top view of the monitoring site with location of the data 

sensors. Along the transect A-B active layer and ground surface elevation were measured in one-m resolution.  

(c) Schematic elevation profile along the course of the transect A-B as measured at 26 August 2011.  
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Depending on the microrelief, vegetation characteristics at the monitoring site were divided into two 

types. Dwarf shrub tundra with Betula nana, Salix sp. and Ledum palustre dominated on polygon rims. 

Grasses (Deschampsia sp.), sedges (Eriophorum vaginatum, Carex aquatilis ssp. stans), several 

mosses and lichens were minor elements in the rim community. Sedge, grass, moss wetland plant 

associations (Carex aquatilis ssp. stans, Eriophorum angustifolium, Sphagnum sp.) occurred at the 

ponds marginal zone of about 1 – 3 m width and in shallow waters up to 20 cm water depth.                     

Some Sphagnum species grew submerged in up to 15 cm thick mats along the pond margins.  

 

4.4.2 Hydrochemical variables  

Hydrochemical data from 10 monitoring events are presented in Figs. 4-10 and 4-11. The dissolved 

oxygen content of the pond water varied between 6.0 and 10.8 mg l
-1

 with a mean of 8.7 mg l
-1

. 

Interrupted by some dips the amount of oxygen was generally increasing towards the end of the 

season when air and water temperatures were decreasing. Relatively low values at 28 July and                      

5 August 2011 were caused by warmer air and water temperatures.  

The pond water had a slightly acidic pH with a mean of 6.3, a minimum of 5.6 at 1 August, and a peak 

of 7.6 at 9 August. Total water hardness was quantified between 1.5 and 4.5 °dH (mean 2.9 °dH).                  

It generally increased throughout the monitored time period except at 1 August when water hardness 

dropped down to 0.5 °dH. Values for EC were 20.7 μS cm
-1 

on average and ranged between 17 and 

26 μS cm
-1

. Similar to the results from other studied waters, NO3
 
(3 - 6 µmol l

-1
) dominated over NH4 

(max. 6 µmol l
-1

). At 24 and 28 July the amount of dissolved nutrients was not quantified. PO4
3
 was 

below the detection limit (0.15 - 4.5 mg l
-1

) in all samples. Acidity and alkalinity of the pond water were 

constant at 0.4 mmol l
-1

 throughout the monitored time period.   

 

 

 
 

Fig. 4-10 Hydrochemical properties of the monitored pond Kyt-01 over a period of 10 monitoring events in 2011. 

Note varying scales. 
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The overall ionic composition of the monitored pond shown in Fig. 4-11a was similar to the other                  

26 studied waters and was characterized by generally low ion content. The waters contained on 

average 1.7 mg l
-1

 Ca, 1.2 mg l
-1

 Mg, 0.7 mg l
-1

 Na and 0.5 mg l
-1

 K in the cation fraction while HCO3 

content was 4.9 mg l
-1

, and Cl content was 0.5 mg l
-1

. SO4 was absent in Kyt-01. As presented in                   

Fig. 4-11a, the ionic composition appeared to vary throughout the summer season and is therefore 

plotted for each monitoring event in Fig. 4-11b. The amount of dissolved Ca doubled from 1 to 2 mg l
-1 

while Mg content only slightly increased. The concentration of dissolved Na and K halved throughout 

the monitored time period from around 1.0 - 0.5 mg l
-
1. For the anion composition, Cl content was 

rather stable. After a drop following 28 July, the Cl concentration slowly returned to its original value.                     

HCO3
 
ranged between 2.4 and 6.7 mg l

-1
. The slight increase in HCO3 content corresponded to the 

increased water hardness shown in Fig. 4-10. Dips or rises in dissolved ion concentration between                

22 and 28 July 2011 were related to precipitation events as shown by blue arrows in Fig. 4-12b.                 

The relative concentration of cations changed from Ca > Na > Mg > K to Ca > Mg > Na > K after the 

rain events, while the relative concentration of anions was constantly HCO3  > Cl.  

 

 

 

 

 
 

 

Fig. 4-11 Major ion composition of the monitored pond Kyt-01. (a) Tenary diagram of the major ions present in the 

waters of Kyt-01. (b) Major ion composition of the monitored pond Kyt-01 according to the date of 10 monitoring 

events in summer 2011. EC refers to electrical conductivity measured by a portable WTW pH/Cond 430i. Note 

varying scales. 

a) 

 

 

 

 

 

 

 

 
 

 

 

 

b) 
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4.4.3 Monitoring data  

The records of all sensors for air and water temperature, water level and EC as well as measurements 

of thaw depth in the monitored pond Kyt-01 from 20 July until 26 August 2011 are presented in                    

Fig. 4-12. The recorded air and water temperatures displayed similar trends: Both datasets clearly 

reflected daily temperature fluctuations and were superimposed by a cooling trend towards the end of 

the monitored time period in autumn (Fig. 4-12 a). The recorded mean air temperature over the period 

of six weeks was 8.5°C with a maximum of 23.8°C and a minimum of -1.4°C.  

 

 

 
 
Fig. 4-12 Monitoring data obtained from the site Kyt-01 from 29 July to 16 August 2011. (a) Air and water 

temperatures in different depths; (b) Electrical conductivity and water level, rainfall days are marked according to 

our rainwater sampling for stable isotope analyses and rain gauge measurements (pers. comm. J. van 

Huissteden, Vrije Universiteit Amsterdam, Faculty of Earth and Life Sciences, The Netherlands); (c) Results of 

hand-measurements of thaw and water depth in the pond, and thaw depth in the adjacent polygon rim.  

a) 

 

 

 

 

 

 

 

 

 
b) 

 

 

 

 

 

 

 

 

 

c) 
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Air temperatures displayed daily variations of > 10°C. Air temperature was commonly colder than 

water temperature, particularly during nights. Water temperatures varied across a daily extent of 

around 10°C in all depths. The mean water temperature ranged from 10.9 - 11.4°C, with a maximum 

of 21.6 - 23.3°C and a minimum of 2.4 - 3.4°C in different depths. Whereas temperatures at depths of 

15 and 30 cm were almost identical, temperatures recorded by the uppermost sensor at five cm depth 

were about 1°C  cooler during night and morning caused by air temperature-induced cooling of the 

near-surface water. Overall temperature fluctuations during the entire summer season exceeded 20°C 

in the uppermost 15 cm of the water column (5 cm: 20.8°C; 15 cm: 20.2°C) and were still high with 

18.2°C near the pond bottom at 30 cm depth. Thermometer-based air and water temperatures ranged 

between 4.5°C and 19.2°C (air), 7.2°C and 19.0°C (water). In general, temperature-driven stratification 

in the shallow pond was absent. In contrast, the temperature of the water column was closely tied to 

air temperature fluctuations.  

During the entire monitored period, the mean pond water depth was 35 cm (Fig. 4-12 b, c). Water level 

fluctuations of 8 cm in total were observed. The maximum water depth measured was 40 cm at the 

end of July while the pond became shallowest (32 cm) in mid August. Furthermore, the water level 

displayed clear diurnal fluctuations of about 10 mm. Larger variations in water level were triggered by 

air temperature-induced evaporation and precipitation. For example, during rather warm days                      

(26 - 28 July; max. 22 °C air temperature, 31 July -1 August; max. 13-15 °C, 4 - 6 August;                          

max. 15-18 °C) the water level declined 2 - 3 cm. In contrast, rainfall adds water to the pond and 

therefore caused higher water levels. For example, on 25 July, 2 and 21 August, rainfall abruptly 

increased the pond water level by about 4 - 5 cm (Fig. 4-12 b).  

Daily and seasonal temperature fluctuations throughout the entire water column were accompanied   

by variations in EC (Fig. 4-12 b). The values of EC measured ranged from 9.2 - 15.1 μS cm
-1

 with                   

a mean of 12.0 μS cm
-1

. The EC followed patterns in air temperature variation. For example, warmer 

weather conditions (21-22/07; 26-29/07; 31/07-01/08; 04-08/08; 18-20/08; 10 - 20 °C) resulted in 

higher  EC (> 16 μS cm
-1

), while colder weather (22/07; 30/07; 03/08; 21/08; < 5°C) was accompanied 

by considerably lower conductivity values (< 12 μS cm
-1

). During rainfall events, the EC of the water in 

Kyt-01 dropped slightly or its rise during warm periods slowed down. Variations in water level and                

EC were present on a daily basis. The clearest daily fluctuations in pond water level and EC between                  

13 and 16 August 2011 demonstrated the close linkage between air and water temperature, water 

level and EC in shallow polygon ponds.  

The hand-measured water depth in the pond center (Fig. 4-12 c) ranged from 21 - 40 cm                            

(mean 33 cm) and corresponded to the water depth derived from the data sensor. The pond water 

table was rising from 21 - 40 cm within three weeks in the beginning of the field season and reached at 

a constant level at 30 - 40 cm in August. The thaw depth in the polygon rim was rather stable                      

(19 - 25 cm, mean 24 cm), while the thaw depth underneath the pond near the data logger position 

was twice as deep (40 - 58 cm, mean 50.5 cm). The thaw depth was generally increasing during 

summer season by about 20 cm, interrupted by short stable conditions. The maximum thaw depth               

(58 cm in the pond center) was reached at 17 August 2011.  
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4.5 Ostracod record   

 

4.5.1 Taxonomy 

A total of 4849 ostracod individuals were obtained from the 27 studied waters. Among the 12 observed 

ostracod taxa, eight were identified down to species level and three (Fabaeformiscandona sp. I, 

Fabaeformiscandona sp. II, Pseudocandona sp.) to the genus level, whereas one taxon comprises 

indeterminate juvenile Candoninae (Figs. 4-13 to 4-15). The species diversity in a single pond 

comprised two to seven taxa including juvenile Candoninae. Species assemblages in the studied 

waters were clearly dominated by adult Fabaeformiscandona pedata (ALM, 1914) (2381 individuals, 

49%) and juvenile Candoninae (841 individuals, 22%). F. pedata inhabited all ponds except Kyt-11 

and Kyt-27. Candona muelleri-jakutica (PIETRZENIUK, 1977) (found in 14 ponds), Fabaeformiscandona 

krochini (BRONSHTEIN, 1947) (found in 12 ponds) and Fabaeformiscandona sp. I (found in 11 ponds) 

occurred in number of 80 - 239 individuals per pond. In contrast, Cyclocypris ovum (JURINE, 1820) 

occurred in 13 of 27 waters but with an abundance of only one to five individuals. Cypria exsculpta 

(FISCHER,1855), Fabaeformiscandona harmsworthi (SCOTT, 1899), Fabaeformiscandona protzi 

(HARTWIG, 1898), and Fabaeformiscandona groenlandica (BREHM, 1911) were found in one pond each 

and at low numbers. Pseudocandona sp. could not be determined down to species level since only 

one empty valve was found in Kyt-26. Fabaeformiscandona sp. I (female) and Fabaeformiscandona 

sp. II (male) together were found in six ponds. Their soft body characteristics were rather similar.                       

In this particular case, the final species identification is still in progress. F. groenlandica and                             

F. harmsworthi were found as females only, the carapace of Cypria exsculpta (FISCHER, 1855) found 

was also from a female specimen.  

In Fig. 4-14 the ostracod record is presented with respect to the location of the waters in the major 

landscape units. Six out of 12 taxa were present in ponds in all landscape units (C. muelleri-jakutica, 

Fabaeformiscandona sp. I, C. ovum, F. krochini, F. pedata, juvenile Candoninae). Waters located in 

the Berelekh River flood plain hosted the highest observed ostracod diversity (10 out of 12 taxa) and 

per pond (3 - 7 taxa). In addition, three species appeared in flood plain waters exclusively:                  

C. exsculpta (Kyt-21), F. protzi, and Pseudocandona sp. (Kyt-26). Ponds in both Alas levels and on 

the ridge Yedoma hosted seven taxa in total (2 - 7 taxa per pond). The ostracod diversity in the lower 

Alas level was lowest with four taxa per pond. While in the lower Alas level the overall domination 

pattern of F. pedata and juvenile Candoninae applies, it can be refined in the other landscape units.    

C. muelleri-jakutica (up to 25 %) and Fabaeformiscandona sp. I (up to 25 %) occurred frequently in the 

upper Alas, and F. krochini (> 25 %) and C. ovum (4 %) reached relative high numbers in waters 

located in the flood plain. The ostracod assemblage in the three ponds on the western Yedoma ridge 

was characterized by abundant C. muelleri-jakutica (44 %) and Fabaeformiscandona sp. I (> 25 %).  

F. groenlandica occurs in one pond (Kyt-10) on the Yedoma ridge only.  

The ostracod record with respect to the water types is shown in Fig. 4-15. Only three out of 12 taxa 

were present in all water types (C. ovum, F. pedata, juvenile Candoninae). The highest number of taxa 

in total (10 taxa) and per pond (3 - 7 taxa) occurred in intrapolygon ponds. F. harmsworthi (Kyt-17),    

F. protzi (Kyt-26) and Pseudocandona sp. (Kyt-26) appeared only in intrapolygon ponds. Beside         

F. pedata and juvenile Candoninae, F. krochini was relatively common and reached its largest 
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abundance (> 25 %) in intrapolygon ponds. In contrast, the ostracod diversity was slightly lower in the 

other pond types (9 taxa in total, 2 - 7 taxa per pond) and lowest in thaw lakes (4 taxa in total,                           

3 - 4 taxa per pond). Interpolygon ponds hosted considerably low numbers of juvenile Candoninae. 

 

 

 

 

Fig. 4-13 SEM images of ostracod valves from the Indigirka Lowland at x70 magnification. LV - left valve, RV - 

right valve. Cyclocypris ovum: (1) female LV, (2) female RV, (3) female RV inner view, (4) female LV inner view, 

Fabaeformiscandona krochini: (5) female LV, (6) female RV, (7) male LV, (8) male RV, Fabaeformiscandona               

sp. I: (9) female LV, (10) female RV, Fabaeformiscandona sp. II: (11) male LV, (12) male RV,  

Fabaeformiscandona pedata: (13) female LV, (14) female RV, (15) male LV, (16) male RV, Cypria exsculpta: (17) 

carapace, Pseudocandona sp.: (18) RV, Fabaeformiscandona harmsworthi: (19) female LV, (20) female RV, 

Fabaeformiscandona groenlandica: (21) female LV, (22) female RV, Candona muelleri-jakutica: (23) female LV, 

(24) female RV, (25) male LV, (26) male RV, Fabaeformiscandona protzi: (27) female carapace, left side, (28) 

female carapace, right side, (29) male LV, (30) male RV. 
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Fig. 4-14 Ostracod record from 27 studied waters in the Kytalyk area in per cent, grouped according to the major. 

Note varying scales.  
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Fig. 4-15 Ostracod record from 27 studied waters in the Kytalyk area in per cent, grouped according to water 

types. Intra – Intrapolygon ponds, Inter – Interpolygon ponds, Thaw – Thaw lakes. Note varying scales. 
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During a period of 40 days, in total 990 ostracods were caught in the monitored pond Kyt-01.                            

F. pedata was the dominating species representing 43 % (428 individuals) of the ponds ostracod 

population. The occurrence of 558 juvenile Candoninae (56 %) demonstrated the importance to 

include them as an own taxon in the survey. In addition, two individuals of C. ovum, one individual of 

C. muelleri-jakutica, and one individual of Fabaeformiscandona sp. I was found. Those species were 

rather common in other waters, but were rare at the monitoring site. Furthermore, C. ovum is very 

small (average length 0.4 - 0.5 mm, Meisch 2000) and can be hard to detect by the naked eye in the 

field.  

The ostracod population structure of Kyt-01 (Fig. 4-16) is based on the assumption that only F. pedata 

inhabited the pond, while the rare occurrences of other species were neglected. While the number of 

juvenile ostracods declined stepwise when they matured, the number of adult male specimens 

remained stable on a low level throughout the season. In contrast, high numbers of adult females 

appeared in three steps from early August on, interrupted by periods of stagnation. At the end of the 

season, 72 % (95 adult specimens) of the entire F. pedata population in Kyt-01 consisted of mature 

female specimens. Thus, the ostracod assemblage in the monitoring pond was not only dominated by 

a single ostracod species, it was also dominated by female specimens of that particular species from 

August on. At the end of August when autumn began 32 juvenile specimens were still present.  

 

 

 

 

Fig. 4-16 Population structure of Fabaeformiscandona pedata in the monitored pond Kyt-01 throughout the 

summer season 2011.  
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4.5.2 Ostracod ecology 

The six most common taxa of the ostracod record from the Kytalyk study area (C. muelleri-jakutica,                

C. ovum, F. pedata, F. krochini, Fabaeformiscandona sp. I, Fabaeformiscandona sp. II) were 

evaluated against 12 selected environmental parameters (pH, dissolved oxygen content, water 

temperature, water depth, hardness, EC, and all major ions) (Fig. 4-17). The tolerance ranges of the 

ostracod species in the Kytalyk study area in the Indigirka Lowland were determined based on the 

range of major environmental parameters that occur in pond waters where those species lived at the 

sampling time. All tested taxa reacted most clearly on water hardness, EC, and the major ions 

dissolved in the pond water. Variations in pH, dissolved oxygen content, water temperature, and water 

depth caused less pronounced responses. F. pedata, which occurred in 25 out of 27 sampled waters, 

displays the widest tolerance range of all tested environmental parameters. For example, pH accepted 

by F. pedata was 5.5 - 7.6, and dissolved oxygen content was 5.4 - 11.8 mg l
-1

. A similar pattern was 

observed for  F. krochini, except a slightly narrower range for pH (5.5 - 7.1) and its presence in waters 

with dissolved oxygen content > 6 mg l
-1 

(6.2 - 11.8 mg l
-1

). 

 

 

 

 

 

Fig. 4-17 Ranges of selected environmental parameters for the most common ostracod species in the Kytalyk 

study area. Horizontal lines connect the minimum and the maximum value while the vertical line represents the 

mean. Note varying scales. 
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F. pedata and F. krochini were characterized by a range of 15 - 70 cm in water depth, 1.5 - 7.5 °dH for 

water hardness, 19 - 153 µS cm
-1

 for EC, and corresponding ranges for all major ions which were 

highest in the record. Those two species were, beside juvenile Candoninae, the only adult taxa 

present in pond Kyt-06 which was characterized by a comparatively high EC of 153 µS cm
-1

. C. ovum 

accepted wider ranges of pH (5.6 - 7.6), water hardness (1.5 - 6.5 °dH), EC (20 - 53 µS cm
-1

), and the 

major ions, namely Na (0.4 - 1.4 mg l
-1

) and K (0 - 1.3 mg l
-1

). C. muelleri-jakutica was characterized 

by the smallest range for water hardness (2.5 - 5 °dH) along with Fabaeformiscandona sp. I, and 

accepted variations of EC between 20 and 42 µS cm-
1
. pH in waters where C. muelleri-jakutica 

occurred corresponded to the pH tolerated by C. ovum and F. pedata (5.5 - 7.6). 

In contrast, Fabaeformiscandona sp. I (female) and Fabaeformiscandona sp. II (male) accepted 

generally narrow variations of the tested environmental parameters. The smallest ranges were 

observed within water depth (17.5 - 55 cm), EC (19/20 - 36 µS cm
-1

) and all major ions, while 

dissolved oxygen content (5.4 - 10 mg l
-1

) was at the same level as for C. ovum and                                   

C. muelleri-jakutica. Fabaeformiscandona sp. I tolerated a pH range of 5.8 - 7.6, water temperatures 

between 7.8 and 21.9 °C, and a conspicuously narrow range of water hardness (2.5 - 5 °dH) and         

Cl content (0.15 - 0.47 mg l
-1

). Specimens of Fabaeformiscandona sp. II were present in waters with 

the smallest observed pH range between 5.8 and 7.1 and displayed the narrowest recorded 

temperature range between 5.5 and 11.8 °C. Water hardness in ponds inhabited by 

Fabaeformiscandona sp. II was 2.5 - 6.5. Fabaeformiscandona sp. II accepted smaller variations in    

Na (0.5 - 1.0 mg l
-1

) and K (0 - 0.6 mg l
-1

) content compared to Fabaeformiscandona sp. I.                                       

Ca (1.8/2.0 - 5.3 mg l
-1

) and Mg (1.3 - 2.8 mg l
-1

) content in waters where Fabaeformiscandona sp. I 

and Fabaeformiscandona sp. II occurred were similar. Due to their narrow tolerance ranges towards 

the tested environmental parameters, Fabaeformiscandona sp. I and Fabaeformiscandona sp. II were 

the most sensible taxa in the record, particularly for water hardness, EC and major ion content. 

Fabaeformiscandona sp. I and Fabaeformiscandona sp. II shared approximately the same ecological 

characteristics which supports the assumption that those two taxa represent the same species.  

 

4.5.3 Multivariate statistical analyses applied to the ostracod record  

The outcomes of a non-metric multidimensional scaling (NMDS) applied to the ostracod species 

composition in the ponds are presented in Figs. 4-18 and 4-19. Similarities between species 

assemblages in samples are reflected by their position in the plot and the distance to their neighbors. 

Short distances point to similarities. A stress value of 13.4 % indicated a low geometrical deformation 

when transforming the distance relationships between samples and species composition from                       

a multidimensional space to the biplot.  

The scatter of ponds located in the Berelekh River flood plain and their similar distance to all ostracod 

species confirmed the earlier finding that ponds located in the flood plain area were inhabited by most 

ostracod species (Fig. 4-18). All seven taxa included in the statistical analyses were found in flood 

plain ponds, and three exclusive species (C. exsculpta, F. protzi, Pseudocandona sp.) that were not 

included in the NMDS analyses since they were present in one pond each. However, the distance to 

F. pedata was slightly larger despite the species was common in flood plain ponds. Relatively high 
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abundances of the six other species, that were also present in floodplain ponds, offer an explanation 

for the distances shown in the biplot.  

Ponds located on the Yedoma ridge and in the upper Alas level were separated by the NMDS, 

highlighted by the diagonal grey dashed line in Fig. 4-18. F. pedata and juvenile Candoninae on the 

right side of the biplot were very common in ponds in the upper Alas level. In contrast,                                     

C. muelleri-jakutica, C. ovum and Fabaeformiscandona sp. I on the left side of the biplot and were 

most common in ponds located on the western Yedoma ridge. Thus, a slight difference in ponds 

located in the flood plain, on the Yedoma ridge and the upper Alas level seemed to be present. 

 

 

 

Fig. 4-18 NMDS biplot of the ostracod species assemblages according to the major landscape units. 

Environmental parameters are superimposed. Symbols mark the pond sites and their affiliation to the landscape 

unit. C_m_jak - Candona muelleri-jakutica, C_ovum - Cyclocypris ovum, F_pedata - Fabaeformiscandona pedata, 

F_krochini - Fabaeformiscandona krochini, F_sp_1 - Fabaeformiscandona sp. I , F_sp_2 - Fabaeformiscandona 

sp. II , juv_Cand - juvenile Candoninae. 

 

 

The ostracod species distribution (Fig. 4-19) did not bias towards a certain water type. F. pedata,                

F. krochini and juvenile Candoninae were located in relative vicinity to intrapolygon ponds because 

they occurred abundantly in those waters. Interpolygon ponds were located in relative large distance 

from F. pedata and F. krochini, but closer to C. muelleri-jakutica and Fabaeformiscandona sp. I and II 

that were abundant in interpolygon ponds. The ostracod diversity in thaw lakes was poorest.                   

Thus, thaw lakes were distributed on a comparatively small area in the biplot near the common 

species C. ovum, F. pedata and juvenile Candoninae.  
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Fig. 4-19 NMDS biplot of the ostracod species assemblages according to water types. Environmental parameters 

are superimposed. Symbols mark the pond sites and their affiliation to the pond type. C_m_jak - Candona 

muelleri-jakutica, C_ovum - Cyclocypris ovum, F_pedata - Fabaeformiscandona pedata, F_krochini - 

Fabaeformiscandona krochini, F_sp_1 - Fabaeformiscandona sp. I , F_sp_2 - Fabaeformiscandona sp. II , 

juv_Cand - juvenile Candoninae. 

 

 

However, most vectors of the passively superimposed environmental variables (air and water 

temperatures, dimensions of the water body, hydrochemical data, major ion composition and 

sedimentological characteristics) pointed towards the lower right corner of the biplot. Their length is an 

indicator of their explanatory potential. For example, the long vectors representing clay and silt content 

in the pond substrate indicated its dominance in the grain size distribution, while the low amount of 

sand was reflected in a rather short vector. Particularly vectors representing major ions dissolved in 

water (Ca, Mg, Na, K, Cl, HCO3), EC and alkalinity pointed to the same direction and were about the 

same length. Mg and Cl were of highest importance. Thus, hydrochemical properties comprising major 

ion concentration and composition, EC and alkalinity of the waters contained valuable information 

content about environmental characteristics in the studied ponds. A vector representing water depth 

was plotted with about similar strength, but in opposite direction of most of the hydrochemical 

information. Thus, water depth may be related to hydrochemical variables. This is plausible when 

taking evaporation effects into account. 
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4.6  Stable isotope record  

 

4.6.1 Rain, pond waters and ground ice 

The stable isotopic composition of local precipitation provides a valuable basis for estimating 

relationships to surface waters in basins of the same area and traces the history that the water has 

undergone. Figure 4-20 summarizes the stable isotope composition of pond and rainwater in summer 

2011 compared to the Global Meteoric Water Line (GMWL), which represents the average isotopic 

relationship of global freshwaters (Craig 1961). 

 

 

 
 

 

Fig. 4-20 Stable isotope record of D and 
18

O from rain and all sampled pond waters, ground ice and river 

waters in the Kytalyk study area in summer 2011 relative to the Vienna Standard Mean Ocean Water (VSMOV). 

GMWL refers to the Global Meteoric Water Line (Craig 1961), LRWL is the Local Rain Water Line, LEL is the 

Local Evaporation Line. 

 

 

The isotopic composition of rainwater (n = 36) ranged between -21.7 and -11.8 ‰ for 
18

O and -163.4 

to -100.5 ‰ for D while 
18

O values from pond waters ranged between -19.0 and -12.9 ‰ and -146.0 

and -116.6 for D. Local rainwater, pond and river waters were shifted systematically towards values 

below the GMWL. The constructed Local Rain Water Line (LRWL) from 22 local rainwater samples 

(LRWL, slope of 6.53, R² = 0.93) deviated from the average isotopic relationship of global freshwaters 

(GMWL, slope of 8). The deviation of 36 pond water samples (26 ponds, 10 samples from the 

monitoring site) from the GMWL is expressed in a Local Evaporation Line (LEL) with a slope of 4.91 

(R² = 0.93). Compared to local rainwater and global freshwaters, the deviation in pond waters was 

strongest. The overall similar stable isotope composition in local rain and pond water suggests 

rainwater as major water source for the ponds. 

Kyt-01 
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Furthermore, stable water isotope composition from river water and ground ice is shown for 

comparison in Fig. 4-20. While the river waters were very similar to the pond and rainwater, ground ice 

samples scattered across a broad range. Data points clustering around -25 ‰ for 
18

O and -200 ‰ for 

D were derived from an ice wedge at the monitoring site Kyt-01. The intermediate data point for 

ground ice (
18

O -19 ‰, D -148 ‰) represents a sample taken from the transient layer (Shur et al. 

2005) below the permafrost table at a polygon rim at the monitoring site Kyt-01. The three ground ice 

samples plotting around 
18

O of -16 ‰ and D of -140 ‰ were derived from another group of ice 

wedges and ice lenses from a palsa in approximately 100 m distance from the monitoring site Kyt-01.  

 

 

 

Fig. 4-21 Stable isotope record of D and 
18

O from all pond waters of the Kytalyk study area in summer 2011 

relative to the Vienna Standard Mean Ocean Water (VSMOV) grouped according to (a) major landscape units and 

(b) water types. Stable isotope composition of river water and ground ice in addition. GMWL refers to the Global 

Meteoric Water Line (Craig 1961). 

 

 

Variation in the stable isotope record of the pond waters with respect to major landscape units and 

water types are presented in Fig. 4-21. Two water samples from the Berelekh River displayed the 

most negative isotopic composition of all sampled modern waters with a mean 
18

O of -18.5 ‰ and a 

mean D of -148 ‰. Pond waters located in the river flood plain were characterized by a mean 
18

O   

of -17.6 ‰ (range -18.5 ‰ to -16.0 ‰) and the mean D of -140 ‰ (range -146.0 ‰  to - 129.1 ‰). 

Those values closely corresponded to the isotopic composition of the Berelekh River water.      

Obviously, the ponds have been flooded by the Berelekh River in spring. Some interpolygon ponds                               

(Kyt-18; -20; -21; -22) located in the flood plain area displayed similar isotopic signatures as the flood 

plain ponds. Those waters showed a slightly more negative isotopic signal (mean 
18

O -17.8 ‰,                    

mean D -140.3 ‰) compared to other interpolygon ponds (Kyt-08; Kyt-14; mean 
18

O -16.5 ‰,              

mean D -131.0 ‰) located in the upper Alas level.  

Aligned values from intrapolygon ponds in the upper Alas level around 
18

O between -15 and -12 ‰ 

(Figs. 4-20 and 4-21) originated from the monitoring site Kyt-01. In contrast to the dataset from                     

Kyt-01 Kyt-01 
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26 other ponds, the monitored pond was sampled in four-day intervals over a time period of six weeks. 

Thus, the stable isotope composition of the waters from Kyt-01 appears to reflect variations throughout 

the summer season 2011 and earns to be examined in finer temporal resolution (Fig. 4-22). 

 

 

4.6.2 Ambient waters and ostracod valve calcite in Kyt-01 

The stable isotope composition of the water in the monitored pond changed over time and clearly 

trended towards more negative isotopic values in autumn (Fig. 4-22 a, b, Table 4-3). Values for 
18

O 

shifted for 2.2 ‰ from -12.9 ‰ (20/07/2011) towards -15.0 ‰ (25/08/2011), while the shift in D 

ranged about 6.3 ‰ from -118.9 ‰ (20/07/2011) to -125.2 ‰ (25/08/2011). Throughout the summer 

season, short-term fluctuations in stable water isotope composition interrupted the general trend 

towards more negative values with peaks in the opposite direction. The amplitude of those short-term 

peaks was about 0.5 - 1 ‰ for 
18

O and 2 - 5 ‰ for D and thus considerably smaller than the 

overlying seasonal trend (R² for 
18

O = 0.67, R² for D = 0.48).  

 

 

 

Fig. 4-22 Stable isotopic composition of (a) 
18

O, (b) D in pond water, and (c) 
18

O in ostracod valve calcite of 

adult Fabaeformiscandona pedata (females and males) throughout the summer season in 2011, relative to the 

Vienna Standard Mean Ocean Water (VSMOV) and the Vienna Pee Dee Belemnite (VPDB). 

 

 

Since the ostracods take up materials to calcify their valves directly from the ambient waters (Turpen 

and Angrell 1971), it is expected that the valve calcite reflects the stable isotopic composition of the 

pond water at the time of the valve calcification. Stable oxygen isotopes from ostracod valve calcite of 

adult female and male Fabaeformiscandona pedata from nine out of 10 monitoring events are 

presented in Fig. 4-22 c and Table 4-3. In the first monitoring event (20/07/2011) no adult specimens 

were caught. Adult males were caught from 24 July while females were caught from 1 August.                   
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18

O values from female F. pedata valve calcite vary between -12.74 and -11.90 ‰ (range 0.96 ‰), 

while 
18

O in male F. pedata valve calcite ranges between -12.59 and -11.90 ‰ (range 0.69 ‰).                 

The deviation of the 
18

O in the valve calcite from 
18

O values in the ambient waters were 1.10 - 3.09 

‰ for male specimens and 1.30 - 3.29 ‰ for female specimens (Table 4-3). The smallest deviations 

were observed in the early season while the largest deviations occurred in the late season.                     

The 
18

O composition in the valves of male and female F. pedata specimens deviated in a range of 

0.21 - 0.42 ‰. 
18

O values in the valve calcite displayed a similar behaviour as 
18

O values from the 

host waters between 24 July and 17 August (Fig. 4-22 c). The variability in 
18

O values was more 

pronounced in pond water than in the valve calcite. However, peaks at 24 July, 1 August and dips at 

28 June and 5 August corresponded between the ambient water and the ostracod valve calcite. 

Between 5 August and 17 August a shift towards less negative 
18

O values was visible in the pond 

water and the ostracod valve calcite. Consequently, 
18

O composition in the host waters and ostracod 

valve calcite correspond in a restricted time period until 17 August. After 17 August, the trends in 
18

O 

valued from the pond water and ostracod valve calcite diverged. While 
18

O values in the pond waters 

shifted towards more negative (-15.0 ‰ at 25 August), 
18

O in ostracod valves at that time period were                      

-11.78 ‰ (female) and -11.99 ‰ (male) F. pedata.  

 

 

Table 4-3 Stable isotope composition of the ambient water and the ostracod valve calcite of adult F. pedata 

throughout the summer season in 2011. Std. refers to standard deviation given in ‰. 

 

Date Pond water F. pedata valves Shifts in 
18

O 

     
valve - water valve 

   
    

 vs.  

 


18

O D 
18

O 
18

O 

   

 

‰ vs. 
SMOW 

‰ vs. 
SMOW 

‰ vs. 
VPDB 

‰ vs. 
VPDB 

‰ ‰ ‰ 

20/07 -12.930 -118.947 
     

24/07 -13.084 -116.584 -11.982 
 

1.102 
  

28/07 -13.867 -118.508 -12.588 
 

1.279 
  

01/08 -13.611 -118.753 -11.897 -12.316 1.714 1.295 0.419 

05/08 -14.693 -122.863 -12.485 -12.311 2.209 2.383 0.174 

09/08 -14.533 -122.338 -12.372 -12.741 2.162 1.793 0.369 

13/08 -14.387 -121.560 -12.426 -12.545 1.961 1.842 0.120 

17/08 -14.006 -119.139 -12.365 -12.383 1.641 1.624 0.018 

21/08 -14.321 -120.750 -12.143 -12.056 2.178 2.265 0.087 

25/08 -15.076 -125.241 -11.991 -11.784 3.085 3.292 0.208 

Min.  -15.076 -125.241 -12.588 -12.741 1.102 1.295 0.419 

Max. -13.084 -116.584 -11.897 -11.784 3.085 3.292 0.208 

Mean -14.175 -120.637 -12.250 -12.305 1.926 2.070 0.065 

Std. 0.691 2.565 0.251 0.313 0.653 0.588 0.251 
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5  Discussion  

 

5.1 Polygon ponds as ostracod habitats 

 

5.1.1 General characteristics of polygon waters   

Polygon ponds are small (up to 30 m in diameter) and shallow (< 1 m water depth) water bodies 

characterized by a diverse morphology depending on the periglacial microrelief and its development 

stage (Fig. 1-2). Intrapolygon ponds are rounded waters located in the central depression of mature 

polygons. Interpolygon ponds occupying long, narrow troughs above thawing ice wedges are most 

variable in size and shape. Thaw lakes that consist of coalescent polygon ponds displayed together 

with other waters a wide range in morphology.  

Based on weather and water level observations and similarities in stable water isotope signatures, 

rainfall is identified as main water source of polygon ponds. Additionally, meltwater from snow 

contributes to the initial composition of periglacial waters in spring (Prowse et al. 2006a, b). According 

to the isotopic and hydrochemical fingerprints of river water, spring flooding is assumed to add water 

to ponds located in flood plain areas. The more negative stable oxygen isotope signature of ground ice 

identifies it as a further water source. Meltwater from frozen ground originates for example from 

melting pore and lens ice in the annual thaw layer (French 2007), segregation ice in the near-surface 

transient layer (Shur et al. 2005) and melting ice wedges (Meyer et al. 2002).  

The small and shallow polygon waters undergo strong diurnal (10°C) and seasonal (20°C) fluctuations 

in water temperature throughout the water column and closely track the ambient air temperature.                              

As demonstrated in Fig. 4-12 and observed in a similar pond setting in the Lena River Delta by 

Wetterich et al. (2008a) wind-induced mixing and wave action creates almost identical water 

temperatures in all depths. Consequently, polygon ponds and other shallow periglacial waters are 

classified as polymictic. Similar records with strong diurnal and annual temperature fluctuations are 

reported from monthly observations inpolygon ponds on the Alaskan North Slope (Hobbie 1980) and 

in the Lena River Delta (Boike et al. 2008, 2013). 

Pienitz et al. (1997a) observed ice covers on arctic lakes are 1.1 – 2 m thick. That exceeds the depth 

of most studied ponds. Thus, ponds freeze solid to the bottom during winter and require dormant 

stages of all organisms inhabiting those waters. The ice-free season spans according to Hobbie 

(1980) and Hamilton et al. (2001) from late June to early September and marks the period of greatest 

biological activity.  

Surficial hydrological connections, indicated by streaming water between single ponds, were rarely 

observed. Horizontal water movements may be wind-induced or associated with precipitation events. 

In contrast, subsurface linkages between adjacent polygon ponds are known as hydrological windows 

and allow liquid water to move above the frost table through unfrozen soil (Minke et al. 2007, 2009,  

De Klerk et al 2011, Donner et al. 2012). Furthermore, water flow through connected interpolygon 

ponds as observed and modelled in polygon tundra in Alaska by Liljedahl et al. (2012) plays an 

important role in the hydrology of degrading polygon wetlands. 

Silt was the dominant grain size fraction in polygon waters in the Indigirka Lowland. Unconsolidated, 

organic-rich (11 - 44 % TOC content) substrate favors ostracod species with corresponding substrate 
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preferences. The 
13

C values ranging between -34 and -31 ‰ reflect an organic carbon source from 

terrestrial plants conducting C3-photosynthesis (Layman et al. 2012). The sediments were 

characterized by TOC/TN ratios from 11 to 20, which are typical for sediments with a low rate of 

decomposition (Hansen 1961) as expected in waterlogged environments in high-latitude regions.                

The substrate composition is typical for cryosols incorporated in late Pleistocene Ice Complex deposits 

occurring in the study area around Kytalyk (Lavrushin 1963, Kaplina et al. 1980) and generally in the 

north-east Siberian coastal lowlands (Schirrmeister et al. 2008b, 2011c, 2013).  

Plant associations in the Kytalyk study area varied between the landscape units and between polygon 

depressions and rims in both Alas levels (Table 4-2). Vegetation on Yedoma ridges was characterized 

by dwarf-shrub tundra, while shrubs and wetland plants occurred in the Berelekh River flood plain. 

Dwarf-shrub-moss tundra with sedges grew on elevated polygon rims in both Alas levels while pond 

depressions are vegetated by wetland plants, sedges and mosses. In general, the floral composition in 

thermokarst-affected lowlands reflects variations in soil moisture and drainage (Kienast et al. 2008). 

Furthermore, vegetation distribution across ice-wedge polygons closely follows small-scale variations 

in periglacial microrelief and soil moisture gradients (Meyer 2003, Minke et al. 2007, 2009, Boike et al. 

2008, 2013, DeKlerk et al. 2009, Donner et al. 2012).  

 

5.1.2 Hydrochemical variables of polygon waters 

Polygon ponds in the Indigirka Lowland were typically well-oxygenated, dilute and oligotrophic waters 

with slightly acidic to circumneutral pH. On average 8.7 mg l
-1

 dissolved oxygen was present 

throughout the entire water column due to wind-induced mixing of shallow water bodies.  Oxygen may 

also enter the water column by rainfall or originates from primary production in water and wetland 

plants. Well oxygenated waters allow benthic organisms such as ostracods to live in the pond 

substrate. 

The pH (mean 6.3) corresponds to precipitation as major water source. Rainwater has a pH of 7 in the 

Kolyma Lowland in Siberia (Table 5-1), and a pH between 4 and 7 in northern Canada, but shows high 

seasonal and interannual variability (Schindler et al. 1976, Welch and Legault 1986). Beermann and 

Kokhanova (2012) found pH values in soils in the Kytalyk study area between 4.0 and 6.4 which are 

related to the microbial degradation of dead plant matter and the subsequent release of humic 

substances that have an acidic character (Blume et al. 2010). Percolating rainwater leaches humic 

substances from the surrounding soils and peats and decreases the pH of the pond water when 

entering the ponds. The brownish to reddish colour of the pond waters may be attributed to dissolved 

organic matter (Rautio and Vincent 2006, 2007, Rautio 2011).  

The very low mean EC of 35 μS cm
-1

 is related to precipitation as major water source of polygon 

ponds and other periglacial waters, and evaporation. In north-west Canada, Welch and Legault (1986) 

measured conductivities of 14 - 40 μS cm
-1

 in rainwater and 8 - 10 μS cm
-1

 in snow. Flooding adds 

river water with an EC of 21 - 22 μS cm
-1

 to ponds located in the flood plain and further dilutes the 

water. In contrast, thawing ground ice releases ions that were previously trapped in the frozen ground 

(Lopez et al. 2007), may then enter the pond water, and increase EC. CO2 is be incorporated from the 

atmosphere during precipitation events and forms HCO3. The mean water hardness (4 °dH) and 

alkalinity are related to the very low EC and ion content of the pond waters.  
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Low concentrations of nutrients (NH4 < 4 µmol l
-1

, NO3 up to 60 µmol l
-1

) are responsible for the 

oligotrophic character of the ponds referring to Rautio (2011). Nitrogen and phosphorous components 

may enter the ponds via rainfall (Schindler et al. 1976, Hobbie 1980, Welch and Legault 1986), but are 

quickly consumed by primary producers such as diatoms and wetland plants. Particularly Carex 

aquatilis was found to immediately take up most of the present nitrogen from the substrate in polygon 

ponds in the Alaskan North Slope (Hobbie 1980). Dissolved phosphate and sulfur amounts were 

below the detection limit in all pond waters except in Kyt-02 (PO4
3
 9.2 µmol l

-1
). Sulfur-compounds in 

the pond water and substrate may be subject to microbial breakdown in sulfate-reducing bacteria 

(Rabus et al. 2006, Wagner 2008) but that does not fully explain the low content or absence of SO4 in 

polygon ponds as found in this study and by Wetterich et al. (2008a, b). 

 

5.1.3 Abundance and diversity of ostracods  

In waters from the Indigirka Lowland in total 12 ostracod taxa were identified (Fig. 4-13 to 4-15). 

Between two and seven taxa were present in each pond. The ostracod species diversity in polygon 

ponds and other periglacial water in the Indigirka Lowland is comparable to findings in similar studies. 

For example, thermokarst lakes in central Yakutia host 15 species, while nine were present in 

periglacial waters in north-east Yakutia and 14 in waters in the Lena River Delta (Wetterich et al. 

2008a, b). In 24 ponds in Arctic Canada seven ostracod species were found (Bunbury and Gajewski 

2009). The dominance pattern of a few species seems to be common for arctic ostracod assemblages 

as also found in those studies. Species assemblages in the Indigirka Lowland were clearly dominated 

by F. pedata (49 %) and juvenile Candoninae (22 %). C. muelleri-jakutica, F. krochini and 

Fabaeformiscandona sp. I and Fabaeformiscandona sp. II were found in many ponds in relatively high 

numbers while C. ovum, C. exsculpta, F. harmsworthi, F. protzi, F. groenlandica and Pseudocandona 

sp. were rarely found and in low frequencies.  

F. pedata as typical representative of arctic freshwater ostracods dominates ostracod assemblages in 

periglacial waters in the Indigirka Lowland and in other Siberian locations (Bronshtein 1947, Wetterich 

et al. 2008a). C. muelleri-jakutica was first described in thermokarst lakes in central Yakutia by 

Pietrzeniuk (1977). The species was also found in northern Yakutia (Wetterich et al. 2008b) and the 

Lena River Delta (Wetterich et al. 2008a). C. ovum inhabits shallow littoral zones of aquatic habitats 

with circumarctic distribution (Bronshtein 1947, Meisch 2000). F. harmsworthi is commonly distributed 

in East Siberia (Semenova 2005) and is known from ponds in the Lena River Delta (Wetterich et al. 

2008a). F. harmsworthi occurs commonly in a female form, male specimens are unknown (Alm 1914, 

1915, Bronshtein 1947, Meisch 2000). F. protzi is known to live in cold waters of mid-latitude regions 

in Europe and Russia (Bronshtein 1947, Meisch 2000) and was also found in periglacial waters of the 

Lena River Delta (Wetterich et al. 2008a). 

F. groenlandica was first described by Brehm (1911) from findings on Greenland and the Yamal 

Peninsula. Alm (1914) reported findings from Nowaja Zemlja. The first finding of F. groenlandica in the 

Indigirka Lowland in north-east Siberia greatly extends its known distribution area eastwards to 

continental Russia. Since only eight female specimens were caught from one pond (Kyt-10), the 

record is too low for a reliable ecological characterization of the species in the Indigirka Lowland.  
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F. krochini is another ostracod species that is newly found in north-east Siberia. Based on a few 

specimens from Kamchatka, Bronshtein (1947) grouped F. krochini as Candoninae. The soft body 

characteristics examined in the specimens from Kytalyk (smooth ال-seta of the penultimate segment of 

the mandibular palp, the basal segment of the cleaning leg has two seta, its penultimate segment is 

subdivided while the f-seta is absent, and a carapace longer than 0.6 mm) confirm attribution of the 

species to the genus Fabaeformiscandona.  

Fabaeformiscandona sp. I (female) and Fabaeformiscandona sp. II (male) occurred partly in the same 

ponds (Kyt-15; -20; -23; -27). Based on similarities in soft body characteristics and remarkable 

correspondences in their ecology (Fig. 4-17) Fabaeformiscandona sp. I and Fabaeformiscandona                

sp. II represent most likely female and male specimens of the same species. However, it was not 

possible to fully identify the species with the present taxonomic literature. 

 

5.1.4 Other biota inhabiting polygon ponds 

In addition to ostracods, other biotas inhabit polygon waters and periglacial waters. Cladocera                      

(e.g. Daphnia), copepoda, chironomidae, and gastropoda are common in polygon ponds located on 

the Alaskan North Slope (Hobbie 1980) and in other subarctic ponds (e.g. Rautio 2011). For example, 

Cladocera and Rotatoria were found in high numbers in periglacial waters in the Kytalyk study area 

(Frolova et al. 2012). According to studies of L. Pestryakova, diatom assemblages in eight ponds from 

the Kytalyk study area (Kyt-02; -04; -05; -07; -17, furthermore GPS 25; 26; 34 – the latter are not 

related to this study) are dominated by arcto-alpine and boreal freshwater species with acidophilic and 

neutrophilic pH preferences (Schneider et al. 2012). Among 48 diatom species, Naviculae represent 

about 40 % of the diatom species assemblages. Furthermore, abundant and diverse communities of 

testate amoeba inhabit permafrost soils of polygon tundra and wet polygon depressions (Bobrov et al. 

2013). The extensive wetlands around Kytalyk are an important habitat and breeding area for many 

birds, particularly for the Siberian Crane (Grus leucogeranus) (UNEP/GEF Siberian Crane Wetland 

Project 2009). 

 

5.2 Spatial variability in the Kytalyk study area 

 

5.2.1 Ponds and ostracod assemblages on a landscape level scale  

Polygon ponds occur in all landscape units except on Yedoma ridges. Biogeochemical properties of 

the pond substrate as well as physical and hydrochemical data derived from the overlying water 

column vary in relatively narrow ranges. Thus, ponds in the Indigirka Lowland offer largely 

homogeneous habitat conditions to ostracods.  

However, sedimentological, hydrochemical and stable water isotope composition of waters located in 

the Berelekh River flood plain differ from waters located in all other landscape units. Flood plain ponds 

were characterized by considerably lower TOC (11 - 26 %), TN (1 %) and NO3
 
content (< 40 μmol l

-1
) 

(Figs. 4-4 and 4-6) while mass-specific magnetic susceptibility was increased (up to 66 SI) (Fig. 4-3b). 

Those variations in substrate properties attribute to river water that is dispersed across the flood plain 

during spring floods. Material transported by the Berelekh River dilutes the concentrations of TOC and 

TN, and increases the amount magnetic mineral particles in the pond substrate. Dilution of the ionic 
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content in pond waters was indicated by an EC of 21 and 22 µS cm
-1

 in river water, a clustering of 

major cations of river water and flood plain pond water in a conspicuously narrow range (Fig. 4-8),               

as well as decreased nutrient content (Fig. 4-6). In addition, the stable water isotope composition of 

river and flood plain pond waters largely corresponds (Fig. 4-21a) and indicates that ponds located in 

the close vicinity of the current river course have obviously been flooded in spring.  

The comparatively more negative isotopic signal of the river water itself and river-water influenced 

ponds results from a mixed isotopic signal present in the river water. River water is composed of 

waters that differ in type, age, and origin. Rainwater, melt water from snow and different types of 

ground ice drain over land into the river. With respect to air temperatures and large-scale patterns in 

atmospheric circulation in summer and winter, the stable isotope composition in snow is much more 

negative than in rain (Welch and Legault 1986, Hoefs 2009). According to Meyer (2002) ice wedges of 

Holocene age in the Laptev Sea region have a mean 
18

O value of -25 ‰ while ground ice of late 

Pleistocene age in the same area is characterized by mean 
18

O values of -30 ‰. Those values 

evidently differ from the stable oxygen isotope signature of modern local summer precipitation (mean 


18

O of -16 ‰). Consequently, water input from melting ground ice in the catchment influences the 

geochemical properties and stable water isotope composition of river water in addition to precipitation 

and evaporation. Since the studied ponds accommodate small water volumes owing to their 

shallowness and small size, flooding events further decrease the amount of dissolved compounds and 

shift the stable water isotope composition of small ponds towards more negative values. 

In comparison with other ponds, the deepest thaw depths around the studied ponds occurred in the 

flood plain area and are related to higher water content in the flood plain soils. Heat stored in river 

water combined with the high latent heat capacity of unfrozen water in soils (Romanovsky and 

Osterkamp 2000) protects the ground from rapid cooling. Therefore, large rivers and lakes are often 

underlain by unfrozen talik zones (French 2007) and are surrounded by areas with greater thaw depth 

as observed in the Berelekh River flood plain. 

Waters located in the Berelekh River flood plain displayed the widest scatter in the NMDS biplot                

(Fig. 4-18) since they host the highest ostracod species diversity. 10 out of 12 taxa occur in flood plain 

ponds, and three taxa occur exclusively in flood plain ponds (C. exsculpta, F. protzi, Pseudocandona 

sp.). Ponds located on the Yedoma ridge and in the upper Alas level were separated in the NMDS 

based on different relative abundances of their rather similar species assemblages.  

 

5.2.2 Ponds and ostracod assemblages on a pond type scale 

Among the different studied pond types, intrapolygon and interpolygon ponds differ in morphology, 

namely size, water and thaw depth, as well as biogeochemical properties. Intrapolygon ponds are 

characterized by larger diameter of the open water area and lower water depth compared to the long 

and narrow shape of deep interpolygon ponds. Intrapolygon ponds were typically 14.5 x 13 m wide,        

on average 38 cm deep, and the thaw depth below the pond center was 43 cm. In contrast, the 

average size of interpolygon ponds was 14 x 3.6 m, while the troughs can reach a length of 24.6 m but 

a width of only 1 m. Interpolygon ponds were on average 54 cm deep and the thaw depth was 29 cm.              

TOC (33 - 44 %) and TN (3 %) content was higher in intrapolygon ponds compared to lower values in 

interpolygon ponds (TOC: < 25 %, TN: 1 %). Those differences are attributed to the morphology and 
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vegetation characteristics of the water bodies. In interpolygon ponds, a larger surface/depth ratio 

allows faster warming of the water column when it is exposed to solar radiation and warm air 

temperatures. The water body is well mixed by wind and wave activity and therefore well oxygenated. 

Furthermore, a relatively thick layer of thawed substrate isolates the pond bottom from cold 

temperatures in the surrounding permafrost. Shallow intrapolygon ponds are commonly colonized by 

extensive wetland flora (mainly Cyperaceae) along the shores whose organic material enters the 

ponds every year at the end of the vegetation period in autumn. In contrast, interpolygon ponds 

accommodate deeper water bodies with occasional temperature gradients in depth. Colder water 

temperatures occur directly above the underlying ice-wedge since a rather thin layer of thawed 

sediment provides little isolation of the pond bottom from the surrounding permafrost. Wind-induced 

mixing of waters in deep and narrow interpolygon ponds is less efficient than in shallow intrapolygon 

ponds with a larger water surface. Interpolygon ponds usually have steep margins and reach depths 

which do not allow extensive wetland flora to grow. Thus, the morphology of the waters controls the 

TOC and TN content through the presence or absence of wetland flora.  Some interpolygon ponds are 

characterised by a slightly more negative (lighter) isotopic signal (Fig. 4-21b). This is related to 

meltwater input from thawing ice wedges with isotopic signatures more negative than in modern 

precipitation (Meyer 2002).  

Intrapolygon ponds host the highest ostracod species diversity (10 in total, 3 - 7 per pond) while 

diversity in other water types is lower, particularly in thaw lakes where diversity was lowest.                          

This pattern is reflected by the scatter of samples in the NMDS biplot in Fig. 4-19. The lower species 

diversity in thaw lakes may be related to the fact that the dimensions of those lakes were too big to 

reach the lake bottom while collecting substrate samples for ostracod analyses. Therefore, ostracods 

living in the open water column, or in greater depth in the lake centre may be missed out.  

F. harmsworthi (Kyt-17), F. protzi (Kyt-26) and Pseudocandona sp. (Kyt-26) occur exclusively in 

intrapolygon ponds. Intrapolygon ponds with surrounding wetland vegetation might be most attractive 

to waterfowl and other animals. Hence, ostracods travelling in bird plumage or animal fur (Meisch 

2000, Smith and Delorme 2010) can easily colonize ponds that are frequently visited by animals.  

 

5.2.3 Comparison to similar limnological studies  

It is unclear, how ostracods can calcify their valves in slightly acidic and dilute polygon ponds and 

other periglacial waters underlain by permafrost. Comparisons with similar studies of baseline 

characteristics of water chemistry and limnology (Hobbie 1980, Pienitz et al. 1997a, b, Duff 1999, 

Hamilton et al. 2001, Michelutti et al. 2002a, b) and ecological studies of ostracod assemblages 

(Wetterich et al. 2008a, b, Bunbury and Gajewski 2009) reveal a common pattern in hydrochemical 

characteristics of arctic freshwaters as compiled in Table 5-1. Corresponding to the mean pH of 6.3               

of periglacial waters in the Indigirka Lowland, circumneutral to slightly alkaline pH values were found in 

other studies. Polygon ponds from the Indigirka Lowland and in the Lena River Delta contain several 

magnitudes lower major ion concentrations and EC (30 - 100 μS cm
-1

) in contrast to freshwaters 

studied in the Canadian Arctic. For example mean EC values between 100 and 380 μS cm
-1 

are 

reported from sites in the Arctic Canadian Archipelago (Pienitz et al. 1997a, Hamilton et al. 2001, 

Michelutti et al. 2002a, b), 70 - 220 μS cm
-1 

in northern Alaska (Hobbie 1980), and 205 μS cm
-1 

in the 
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Moma region in northern Yakutia (Wetterich et al. 2008b). Bedrock geology and surrounding soils, but 

predominantly the distance to the sea as reflected in Na and Cl content explains the EC of those 

waters. Welch and Legault (1986) found high concentrations of sea salt that originated from sea spray, 

and moderately acidic pH in precipitation feeding ponds and lakes at the western Hudson Bay.                    

For waters in the Moma region (Wetterich et al. 2008b), evaporation processes may be responsible for 

higher ion contents and EC.  

 

Table 5-1 Hydrochemical data in Arctic freshwaters compiled from different studies. All numbers are 
mean values. From Pienitz et al. (1997a, b) tundra sites are selected. From Duff (et al. 1999) medians 
from sits at the lower reaches of the Lena River are selected. EC refers to electrical conductivity and is 
given in µS cm

-1
, major ion concentrations are given in mg l

-1
. Studies with focus on freshwater 

ostracods are marked with a star *. 
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Aug. 
1993 
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Aug. 
1994 

Aug. 
2002 

July/  
Aug. 
2005 

July/ 

Aug. 
2011 

July/ 

Aug. 
2012 

n 24 13 204 34 38 43 27    23 31     23 17 27 3 

pH 7.8 7.6 7.7 7.7 7.9 8.0 6.8 8.0 7.6 7.4 7.0 6.3 7.0 

EC  131 8.8 294.0 96.4 373.0 204.0 92.0   38.0 38.0 94.8 205.5 34.7 22.0 

Ca  19.9 0.7 25.4 22.2 25.6 22.8 2.6 6.3 5.3 10.5 20.7 3.6 < 0.1 

Mg  – – 8.6 6.1 13.7 6.6 1.0 1.9 1.6 5.8 10.3 2.0 < 0.1 

Na  7.0 0.4 25.4 0.44 52.9 12.4 1.7 0.8 0.8 1.6 13.6 0.9 1.0 

K  1.29 0.4 2.39 0.24 4.6 1.2 0.2 0.2 0.4 0.7 5.7 0.6 < 0.2 

Cl  12.2 0.6 28.0 1.00 86.1 15.8 2.2 0.4 0.6 2.4 14.8 0.4 1.1 

HCO3 – – – – – – – – – 58.3 131.2 11.5 7.5 

O2  12.9 – – – – – – – – 9.3 5.4 8.7 – 
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Some arctic ponds and lakes in the western Canadian Arctic are characterized by an even more dilute 

nature with a mean EC 8.8 μS cm
-1

 (Pienitz et al. 1997b). Those waters are located in Nunavut in the 

western Canadian Arctic in approximately 200 km distance to an inlet of the Beaufort Sea. Distances 

to the Arctic Ocean and the western shore of the Hudson Bay are even greater. Similar to the study 

area in Nunavut, the distance to the Laptev and East Siberian seas is 100 - 200 km or more from 

study sites located on the Taimyr Peninsula, the Lena River Delta and Kytalyk in the Indigirka 

Lowland. Therefore, marine aerosols as input factor for major ions can be ruled out. Hence, the dilute 

nature of those waters is related to summer precipitation as dominant water source. The pH and EC of 

all studied waters in the Indigirka Lowland was generally low and close to the mean EC of rainwater 

with 22 μS cm
-1

 collected in the Kolyma Lowland in summer 2012. The ionic composition and EC in 

precipitation over northern and central Canada was found to vary between the observation years 

(Schindler et al. 1976) and is different in rain and snow (Welch and Legault 1986). For example, snow 

has a mean EC of 8 - 10 μS cm
-1

 while the EC of rainwater varied between 14 and 40 μS cm
-1

 (Welch 

and Legault 1986). Furthermore, the stable water isotope composition of the pond waters in this study 

and as described in Wetterich et al. (2008a, b) closely corresponds to the isotopic composition of local 

rainwater. Consequently, rainfall plays a key role in the hydrochemical system of polygon ponds and 

other periglacial freshwaters (Prowse et al. 2006a, b) despite its rather low annual amount of 354 mm 

(Rivas-Martínez 1996-2009). 

In general, the dilute nature of periglacial freshwaters creates challenging habitat conditions for 

organisms inhabiting those waters. The dissolved ionic compounds present in the water are of 

important meaning for the osmotic pressure in cells of living organisms (Prenzlin 2005). Furthermore, 

the solute composition of host waters serves as a main source for the ostracods to build up their 

valves (Turpen and Angell 1971). Particularly Ca, Mg and HCO3 play a major role in valve secretion 

(Kesling 1951). However, the physiological pathway in arctic freshwater ostracods to build up calcite 

valves despite low major ion concentrations in periglacial waters is not completely understood 

(Decrouy et al. 2011b). A potential source of material for valve calcification may be dissolution of 

empty valves in the slightly acidic water and instantaneous take-up of the released HCO3 by ostracods 

preparing to calcify a new shell. The hypothesis is supported by the observed low number of empty 

valves present in the pond substrate during summer.  
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5.3 Temporal variability in the Kytalyk study area 

 

5.3.1 Seasonal trends at the monitoring site Kyt-01   

At the monitoring pond Kyt-01 fluctuations in hydrochemical properties (Fig. 4-10), major ion 

composition (Fig. 4-11), water temperature, water level, EC, and thaw depth were recorded                          

(Fig. 4-12). Those changes represent seasonal trends and in some cases even daily variations. 

Throughout the season the thaw depth of the substrate below the pond center increased by about                

20 cm from 40 to 58 cm in contrast to a rather stable thaw depth in the polygon rim (mean 24 cm)                    

(Fig. 4-12c). The differentiation in thaw depth is related to different heat conductivity of rather dry peat 

on the polygon rim, and the high latent heat capacity of wet soils and water bodies (Romanovsky and 

Osterkamp 2000, French 2007). As long as the water body is unfrozen and its water temperature is 

above 0°C, the heat stored in the water body causes thawing of the underlying permafrost until the 

maximum thaw depth at the end of August was reached. Variations in thaw depth are subject to                  

long-term monitoring in the Lena River Delta (Boike et al. 2013) and revealed 43 - 57 cm thaw depth in 

the substrate below polygon centers. 

The mean air temperature over the monitored time period was 8.5°C with a maximum of 23.8°C and a 

minimum of -1.4°C. The mean water temperature was 10.9 - 11.4°C, with a maximum of 21.6 - 23.3°C 

and a minimum of 2.4 - 3.4°C in different depths. As demonstrated in Fig. 4-12a daily air temperature 

variations of about 10°C caused daily fluctuations in water temperature throughout the entire water 

column. Small and shallow water bodies immediately respond to variations in air temperature with 

diurnal water temperature fluctuations. Daily fluctuations in air and water temperature were overlain by 

a general cooling trend towards autumn. Thus, shallow arctic ponds closely track diurnal and seasonal 

temperature fluctuations. Strong diurnal and seasonal fluctuations in water and air temperature of 

shallow ponds and lakes are recorded over several years in polygon ponds on Alaska´s North Slope 

(Hobbie 1980) and in the Lena River Delta (Boike et al. 2008, 2013). Boike et al. (2008, 2013) showed 

in continuous solar radiation measurements that air and water temperature follow variation in incoming 

diurnal and seasonal solar radiation.  

While pH and nutrient content do not reflect a tendency, an increase in dissolved oxygen content from 

8 to about 10 mg l
-1

, in water hardness from 2 to 4°dH, and in HCO3 content from 4 to about 6 mg l
-1

 

are caused by the overall cooling trend. Colder water can hold a higher amount of dissolved gasses 

and the solubility of HCO3 increased which is also reflected in the increasing water hardness. 

Variations in water level (Fig. 4-12b) were triggered by precipitation events and air temperature-

induced evaporation. The pond water level rose in response to rainfall by 4 - 5 cm. In addition to water 

added to the pond by rain that drops directly, water from the polygon pond´s catchment reaching up to 

the crests of the polygon rims also flow into the central water body. The percolation of the water trough 

the thawed layer in the catchment may slightly delay the response of the water level. In contrast, 

during periods of warm air temperatures evaporation lowered the pond water table by 2 - 3 cm.                   

Wind activity may carry away water vapor from the boundary layer above the water table and therefore 

enhances further evaporation. Consequently, summer precipitation and air temperature-induced 

evaporation have a strong influence on small and shallow water bodies. In addition, the ongoing 

thawing process below the water body targets formerly frozen pond sediments and releases an 
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unknown amount of meltwater that was previously trapped in ground ice which becomes part of the 

pond water. However, the effect of air temperature-induced evaporation and summer precipitation 

predominantly drive variations of the pond water level. 

Air temperature fluctuations were accompanied by variations in EC (Fig. 4-12b). Warm weather 

conditions (10 - 20°C air temperature) resulted in slightly higher EC of > 16 μS cm
-1

, while cold 

weather (< 5°C air temperature) was accompanied by slightly lower EC values of < 12 μS cm
-1

.                

During warm periods, the water column warms up and enhanced evaporation subtracts water from the 

pond, what in turn increases the ion concentration in the remaining water. During cooler periods water 

temperature is reduced and evaporation is weak resulting in decreasing ion concentrations. Variations 

in EC on a daily base demonstrate how closely the ion composition in small and shallow water bodies 

is tied to air temperature-induced evaporation and responds immediately to diurnal changes. 

Furthermore, concentrations of Ca and Mg slightly increased in Kyt-01 while Na and K decreased 

throughout the monitored time period. Sudden changes in dissolved ion concentration between 24 and 

28 July are caused by rainfall. An increase in HCO3 concentration is related to CO2 entering the pond 

water via rain drops and on the water surface. The change in relative cation concentrations from                    

Ca > Na > Mg > K to Ca > Mg > Na > K after the rainfall further marks the impact of rain events on 

small water bodies. Rising concentrations in Ca, Mg, and Cl following the rainfall may be related to 

evaporation. Consequently, the water budget and variations of ionic content in ponds predominantly 

fed by precipitation are highly sensitive to changes in meteorological conditions and rainfall throughout 

the summer season.  

 

5.3.2 Seasonal trends in Kyt-02 to -27  

The ponds Kyt-02 to Kyt-27 were sampled at different dates throughout the summer season 2011 and 

thus envelop seasonal trends that were not considered in the earlier analysis according to landscape 

units and water types. In Figure 5-1 selected environmental variables from Kyt-02 to Kyt-27 are plotted 

against the sampling date. Particularly air and water temperatures closely correspond and declined 

throughout summer season. Therefore, temperatures were generally colder at sites that were sampled 

later in the season. Water hardness and oxygen content display an increase towards autumn.                   

This finding attributes to higher dissolubility of gases and ions in colder water. Stable pH and EC 

values do not reflect seasonal variability. Lower EC in ponds that were located in the floodplain were 

flooded in spring, but sampled later in the field season. This may suggest a seasonal trend, but is in 

fact related to the sampling time and location. 

Stable water isotopes in the pond waters (Figs. 4-20 and 5-1) shifted generally to more negative 

values throughout the season. 
18

O shifted from -14 to -16 ‰ in late July to -16 to -18 ‰ in late August 

while D shifted from -120 to -130 to about -140 to -150 ‰. Those isotopic shifts are related to 

different reasons. For example, evaporation causes water loss from the ponds throughout the summer 

season and is accompanied by temperature-dependent isotopic fractionation (Hoefs 2009).                            

In general, lighter isotopes behave more mobile since they have weaker atomic bonds than heavier 

isotopes. Consequently, lighter isotopes evaporate preferentially from the pond waters, particularly 

during cooler temperatures in autumn, while their heavier counterparts tend to remain in the water 

body. Under this scenario, the isotopic composition of the pond waters would shift towards less 
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negative values over the season if evaporation is the dominant process. Therefore, the isotopic shift 

cannot be explained by evaporation and a cooling trend in air and water temperature alone. 

Furthermore, summer precipitation as the dominant pond water supply needs to be taken into account. 

 

 

 

Fig. 5-1 Seasonal trends of selected environmental parameters in Kyt-02 to Kyt-27. Coefficient of determination 

(R²) for the following trend lines: Air temperature – 0.47, Water temperature – 0.36, water hardness – 0.40, 

Oxygen content – 0.34, 
18

O in pond water – 0.10, D in pond water – 0.21. 

 

 

The individual stable water isotope values of local rainwater feeding the ponds (Fig. 5-2) varied in 
18

O 

of about 10 ‰ and D of about  50 ‰ which was considerably larger than in the pond waters.                       

The stable water isotope composition of rainwater displayed great variability. It shifted from 
18

O of -12 

‰ in July to -22 ‰ in August, and from D of -110 ‰ in July to -160 ‰ in August. Therefore, rainfall 

with its individual isotope values lowered the stable water isotope composition when being mixed with 

pond waters. In study areas near Yakutsk that are dominated by warmer summer climate                             

(TJuly +18.1°C according to Garilova 1998, in Wetterich et al. 2008b) evaporation is the dominant 

process leading to less negative stable water isotope composition of pond waters over the summer 

season. In contrast, this trend is reversed in ponds at the Kytalyk study area which is located further 

north, has a cooler mean summer temperature of 8.5°C as derived from the air temperature sensors in  

summer 2011, and experienced 18 rainfall days within the monitored time period spanning 48 days. 
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Fig. 5-2 Stable water isotope composition of rainwater collected throughout the summer season 2011 in the 

Indigirka Lowland. Note the sampling frequency was not constant but covers the complete sampling period.  

 

 

Despite a general cooling trend over the season, rainwater counteracts and outpaces temperature-

induced fractionation processes during evaporation in the pond waters over the season. Thus, the 

effect of rainwater entering pond waters is dominant in a more northern study site and the stable 

isotopic composition of pond waters principally reflects isotopic shifts from rainwater input. Isotopic 

shifts related to the input of melt water from ground ice are assumed to be of a minor extent.                        

This explains why isotopic signals in pond waters are being generally similar to rainwater, but slightly 

shifted away from the original rainwater signal as indicated by the Local Evaporation Line (LEL) 

located below the Local Rain Water Line (LRWL) (Fig. 4-20).  

 

5.3.3 Seasonal trends in the ostracod record of F. pedata 

The population dynamics of F. pedata displayed a highly interesting pattern in Kyt-01 (Fig. 4-16). 

While adult male individuals were present early and remained on low numbers throughout the entire 

monitored period, adult female specimens evolved later and reached higher numbers.                          

Juvenile specimens were present throughout the entire period. Their number declined while growing to 

adulthood, but not all juveniles matured in the short arctic summer. Such population dynamics indicate 

the reproduction mode in the F. pedata. In a bisexual population with a bias in favor of female 

specimens, a mixed reproduction mode is most likely the case (Meisch 2000). In this mode, females 

reproduce through fertilisation by males, but also reproduce parthenogenetically. Mixed reproduction 
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allows a species to survive in temporal habitats such as polygon ponds that are exposed to freezing 

stress by maintaining genetic diversity combined with fast reproduction (Meisch 2000, Smith and 

Delorme 2010).  

As presented in Fig. 4-22 the 
18

O values in the pond water shifted for 2.2 ‰ while  D values shifted 

for 6.3 ‰ towards more negative isotopic composition. The observed shift in isotopic composition of 

the pond water is related to the input of rainwater with its individual isotopic signature. Ostracods 

inhabiting those waters use HCO3 from ambient waters to calcify new valves during each instar stage 

until they mature. The 
18

O values of the ostracod valve calcite (Fig. 4-22c) and pond water display 

corresponding peaks and a seasonal trend towards more negative isotopes until 17 August 2011. 

However, after 17 August the stable isotope composition of pond water and ostracod valve calcite 

diverges. This is related to intense rainfall from 18 - 22 August that changed the isotopic composition 

of the waters, but not the ostracod valves. The valves representing the last two monitoring events 

were most likely build prior or after the rainfall event and thus contain a different isotopic signal than 

the pond water at the sampling time. Figure 5-3 compares 
18

O in ambient waters and ostracod valve 

calcite in F. pedata relative to theoretical inorganic calcite precipitations. Testing the direct relationship 

of 
18

O values in pond waters and ostracod valve calcite revealed that the isotopic signal in ostracod 

valves displays a shift towards more negative values. 

 

 

 

 

 

Fig. 5-3 Stable isotope record from pond water 
18

O plotted against 
18

O from adult F. pedata. The diagonal line 

shows the theoretical 1:1 
18

O ratio if neither temperature nor vital offsets on fractionation would alter the 
18

O 

uptake in ostracod valve calcite (Friedman and O’Neil 1977). 
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Under the assumption that monitoring event nine and 10 at the end of the monitoring season (Fig. 5-3) 

are defined as outliers, the determination coefficient and the slope of the functions indicate a negative 

trend of 
18

O in ambient waters and ostracod valve calcite. The slope for females is 0.18 (R² = 0.18) 

and for males is 0.33 (R² = 0.50). Thus, ostracod valve calcite in F. pedata does trace seasonal shifts 

in 
18

O in ambient waters of the monitoring pond Kyt-01 for a limited time period. The seasonal trend is 

different in female and male specimens of F. pedata. The fact, that the record includes male 

specimens for the second (24 July) and third (28 July) results in a stronger correlation with the isotopic 

composition of the ambient waters as indicated by a higher determination coefficient (R² = 0.50) for 

male specimens rather than for female specimens (R² = 0.18). 

 

5.4 Ecological interactions and controls  

 

5.4.1 Environmental influences on polygon ponds 

Polygon pond systems underlain by continuous permafrost in the Indigirka Lowland are particularly 

sensitive to meteorological settings and permafrost conditions (Fig. 5-4). The underlying permafrost 

and its surficial polygon microrelief block drainage and thus allow ponding in numerous small 

depressions. The microrelief in polygon tundra determines the morphological characteristics of the 

ponds while local soil moisture conditions control the vegetation associations surrounding the ponds 

(Minke et al. 2007, 2009, Kienast et al. 2008, DeKlerk et al. 2009, Donner et al. 2012). Thawed 

sediment below the ponds provides thermal isolation from the frozen ground. 

In general, precipitation, evaporation, and bedrock geology control the chemistry and stable isotope 

composition of surface waters (Gibbs 1970). In polygon ponds and other periglacial waters, 

meteorological parameters such as air temperature and precipitation are the main drivers of physical 

and biogeochemical conditions while permafrost conditions, e.g. thaw depth, melting of ground ice, 

and soil temperatures, replace the role of bedrock. Meltwater from snow and summer precipitation is 

the major water source for polygon ponds. River water during spring floods and meltwater from ground 

ice are minor sources for water input. Water temperatures in all depths of shallow and well mixed 

ponds are directly related to the surrounding air temperature on daily and seasonal scales. Dissolved 

oxygen content and water hardness are driven by the water temperature and wind-induced mixing.              

In general, precipitation events are identified as the main drivers of water level fluctuations while air 

temperature-induced evaporation also contributes to changes in pond water level. For example, 

Shahgedanova (2002) reports a potential evaporation of 50 to 200 mm in Siberian tundra 

environments. Transpiration of water and wetland plants in the ponds and along their margins may 

additionally contribute to the water loss of polygon ponds.  

Evaporation and precipitation control the hydrochemical properties such as the EC and major ion 

content of the pond waters. Particularly the low ion content of precipitation (Welch and Legault 1986, 

Table 5-1) explains the dilute character of periglacial waters and highlights the role of summer 

precipitation for hydrochemical characteristics of polygon ponds and other small periglacial 

freshwaters. Percolating rainwater leaches acidic humic substances from the surrounding soils and 

peats and decreases the pH when entering the pond waters. In addition, meltwater from ground ice 

(Lopez et al. 2007) and river water with different ionic content and sediment load may also enter some 
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ponds and either increase their EC (ground ice) or decrease their ion content in the water and TOC 

content in the sediment (river water). Variations in air temperature-induced evaporation and further 

rainfall events throughout the ice-free season successively add water resulting in changes in the 

hydrochemical properties of the pond and its water level.   

Polygon ponds are considered to accumulate precipitation over the entire ice-free period.                         

Several factors influence their stable water isotope composition. The isotopic signature of the pond 

waters comprises individual isotope signatures of all identified water sources. Throughout the course 

of the ice-free season, the isotopic composition of the pond waters change. The ponds undergo 

temperature-dependent evaporation and experience water gain due to further rainfall events, river 

flooding, and the release of meltwater from ground ice.  

 

 

 

 

 

Fig. 5-4 Schematic diagram of environmental factors controlling polygon ponds. Scheme based on a drawing by 

Romanovskii (unpublished), modified after Meyer 2003. Influence of factors with temporary controls or unknown 

magnitude are indicated by dashed lines. The centered ostracod is the right valve of a female F. pedata. 
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Long-term observations in Alaska, Siberia and Canada revealed that changes in meteorological 

conditions and permafrost cause major shifts in hydrological conditions of lakes and ponds in 

permafrost areas. Subsurface drainage of permafrost ponds (> 10 m diameter) through degradation of 

thin permafrost (< 30 m thickness) permafrost and the formation of taliks decreased the surface area 

of tundra ponds on the Seward Peninsula, Alaska, over the last 50 years (Yoshikawa and Hinzman 

2003). Despite a slight increase in precipitation, a decline in lake area and abundance occurred in 

northern Siberia since 1973 owing to subsurface drainage through discontinuous permafrost (Smith et 

al. 2005). Labreque et al. (2009) observed a reduction in lake surface area in a study site in the 

northern Yukon Territory, Canada, since 1951. The lakes experienced a water deficit that is attributed 

to a warmer climate and less precipitation. Enhanced evaporation and an increase in EC characterize 

the hydrological conditions in ponds in the western Hudson Bay Lowlands studied by Wolfe et al. 

(2011). Smol and Douglas (2007) witnessed the temporal desiccation of ponds on Ellesmere Island in 

the Canadian High Arctic in 2006 that have been permanent water bodies since 1983. The authors 

linked the desiccation to warmer air temperatures, less precipitation, and in turn stronger evaporation. 

Small and shallow water bodies respond instantaneously to temperature fluctuations and changes in 

water supply, while permafrost determines the accumulation of water bodies, their morphology, and 

drainage. Thus, small periglacial waters and their hydrological regime are highly susceptible for 

changes in climate and permafrost conditions. 

 

5.4.2 Controls on ostracod diversity and abundance  

The ostracod record in the Indigirka Lowland reflects a similar species distribution in all landscape 

units and pond types with rather small variations based on species diversity (Figs. 4-14 and 4-15) and 

relative abundances as revealed by the NMDS (Figs. 4-18 and 4-19). This is related to the largely 

homogeneous habitat conditions a reflected in the sediment properties, the physical and chemical 

variables in the studied ponds. Ostracods do not actively migrate, but spread across landscapes when 

travelling in the plum of waterfowl or fur of other animals (Meisch 2000, Smith and Delorme 2010). 

Among other birds and animals, the Siberian Crane (Grus leucogeranus) occurs abundantly in the 

Kytalyk study area and helps ostracods to colonize polygon ponds and other periglacial waters in the 

Indigirka Lowland. The ostracods themselves with tightly closed valves and their eggs are desiccation-

resistant for a limited time period and can withstand air travelling (Smith and Delorme 2010).                    

If ostracods arrive in a pond, some basic factors determine whether a population develops and 

sustains permanently. To live and grow, ostracods need well-oxygenated waters providing a calcium 

and carbonate source from which they construct their shells. Apart from those basic factors, ostracods 

require certain environmental conditions according to their species-dependent ecological preferences. 

Important habitat factors controlling the presence or absence of certain species are water temperature 

(Delorme 1969, 1978), salinity and anion composition (Neale 1988, Smith 1993), food supply and 

predation (Henderson 1990), microhabitats according to the morphology, sediment properties and 

vegetation of the habitat (Ferguson 1944, Kiss 2007, Smith and Delorme 2010, Decrouy et al. 2011a), 

as well as population dynamics and seasonality (Külköylüoglu 2005, Decrouy et al. 2011a).                        

In permafrost areas, specific physical and hydrochemical parameters shape potential habitats for 

ostracods (Fig. 5-5). Shallow polygon ponds with fine-grained organic rich-sediment, vegetated 
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margins and open water areas in pond centres offer diverse microhabitats with well-oxygenated 

waters to ostracods. Water currents are either absent or low. The small and shallow waters undergo 

strong daily and seasonal fluctuations in water temperature throughout the water column. The mean 

summer air temperature of 8.5°C in Kyt-01 allows ostracods which accept cool water temperatures to 

live in polygon ponds. In addition, variations in water temperature of about 20°C throughout the 

monitored time period in Kyt-01 (Fig. 4-14) and diurnal variations of about 10°C require a temperature 

tolerance in ostracods for surviving those fluctuations in generally rather cool temperatures. Due to the 

shallow morphology of the ponds, those fluctuations are present throughout the entire water column. 

The short ice-free period sharply limits the time frame available for ostracods running through all instar 

stages when they mature. Solid freezing of polygon ponds and other periglacial waters in September 

therefore does not allow all juvenile ostracods to mature. Therefore, the relationship between juvenile 

and adult ostracods in a population is not only determined by their species-specific life-cycles, but also 

on the timing of freezing of their habitats in autumn.  

 

 

 
 

 

Fig. 5-5 Schematic diagram of environmental factors controlling ostracod assemblages in polygon ponds. 

Scheme based on a drawing by Romanovskii (unpublished), modified after Meyer 2003.The centered ostracod is 

the right valve of a female F. pedata. 

 

 

Furthermore, ostracods living in polygon ponds and other periglacial waters are exposed to slightly 

acidic to circumneutral pH and the dilute character of the waters. Low ion concentrations caused by 

rainwater as predominant water supply are particularly challenging for physiological processes during 

valve calcification and thus only allow survival of species that tolerate those conditions. Consequently, 

air and water temperatures determining the ice-free period and precipitation driving the ionic 

concentration represent a set of environmental factors that controls ostracods and their habitat in 

polygon ponds and other small and shallow periglacial waters. Overall, meteorological conditions and 
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the occurrence of permafrost are closely related to climate conditions. Therefore, ostracod 

assemblages in permafrost ponds hold a strong indicative potential for changes in climate-driven 

environmental conditions in permafrost areas.  

The presence or absence of ostracods in polygon ponds and other periglacial waters in general, but 

particularly the occurrence of indicator species with narrow ecological tolerance ranges allow 

estimating the environmental conditions and their changes in past and present aquatic habitats.                 

The ecological ranges of the most common species in the Indigirka Lowland are summarized in                   

Fig. 4-17. The wide tolerance ranges of F. pedata (Wetterich et al. 2008a) and C. ovum (Meisch 2000) 

allow a wide geographic distribution, but limit the indicative potential for certain environmental 

parameters. F. krochini is characterized by a wide tolerance range similar to F. pedata. Ecological 

ranges for C. muelleri-jakutica, C. ovum, F. harmsworthi, F. protzi, and F. pedata were studied by 

Wetterich et al. (2008a, b) from periglacial waters in central and northern Yakutia as well as the Lena 

River Delta and correspond to the ecological tolerances found in this study. However, the records 

cover only a part of the full ecological tolerance ranges of the species. For example, Pietrzeniuk 

(1977) and Meisch (2000) characterize C. ovum as circumarctic species with a generally wide 

ecological tolerance.  

Particularly C. muelleri-jakutica, F. harmsworthi, and F. pedata are described as arctic species 

(Bronshtein 1947, Wetterich et al. 2008a, Meisch 2000). In the mid-latitudes of Europe and Russia,                

F. protzi is commonly rare or absent in summer and appears during the colder seasons (Bronshtein 

1947). Since F. protzi is linked to permanently cooler water temperatures and is found frequently in 

arctic habitats of Siberia (Wetterich et al. 2008a), it is characterized as a cold-stenothermal species 

(Meisch 2000). The geographic distribution of F. groenlandica on Greenland (Brehm 1911), the Yamal 

Peninsula, and Nowaja Zemlja (Alm 1914) and in the Indigirka Lowland (this study) suggests a 

preference for cold environments. However, the species was too rare for a reliable ecological 

characterization. Fabaeformiscandona sp. I and Fabaeformiscandona sp. II were the most sensitive 

taxa in the record, particularly for water hardness, EC, major ion content, and water depth. Thus, they 

hold strong indicative potential for (paleo-) environmental interpretations once they are fully identified.  

In addition to habitat preferences, population dynamics of individual species hold indicative potential. 

The population record of F. pedata in the monitoring site Kyt-01 allows detailed insights in its 

reproduction mode and life-cycle based on the juvenile/adult and male/female ratio throughout the 

season. Due to a short open water period, life-cycles of ostracods in arctic habitats are strictly time-

limited. According to Little and Herbert (1997) parthenogenesis is common among arctic ostracod 

species. Ostracods performing parthenogenesis were found to cover a wide geographic range, have a 

high potential for dispersal, and are able withstand short-term variations in habitat stability (Martens               

et al. 2008). In some species (e.g. Eucypris virens, Heterocypris incongruens, Potamocypris villosa), 

bisexual populations occur mainly in their southern distribution area while northern populations 

reproduce fully parthenogenetic (Meisch 2000). A disadvantage of parthenogenesis is a low genetic 

exchange since the females are clones. In contrast, mixed reproduction allows a species to maintain 

genetic diversity (Smith and Delorme 2010). Hence, the population dynamics in F. pedata indicate 

sexual reproduction and parthenogenesis, and may reflect an adaption to its common appearance in 

temporally restricted arctic habitats characterized by short summer seasons.  
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5.4.3 Controls on stable oxygen isotope composition in ostracod valves 

Ostracods incorporate carbonates directly from HCO3 in ambient waters to build up their valves 

(Turpen and Angrell 1971). Consequently, ostracod valves contain information about physical and 

chemical properties of the host water at the time of the valve calcification (e.g. Xia et al. 1997a).                

The 
18

O values in F. pedata from the monitoring site Kyt-01 (Figs. 4-22c, 5-3) display a trend in 

isotopic composition that corresponds to the shift towards more negative isotopes as observed in host 

water (Fig. 4-22a) and the rainwater (Fig. 5-2) but is characterized by smaller variations. This is the 

case since different factors control the 
18

O ratios in ostracod valve calcite (Fig. 5-6). The isotopic 

composition of the ambient water, biological factors in the animal itself, and the temperature at which 

the valve was formed play an important role (Leng and Marshall 2004, Decrouy et al. 2011a, b, 2012). 

A combination of those factors explains the deviation of the 
18

O ratios in ostracod valve calcite from 

the theoretical 1:1 
18

O ratio as shown in Figure 5-3.  

 
 

 

 

Fig. 5-6 Schematic diagram of factors controlling the stable oxygen isotope composition in ostracod valve calcite. 

Modified after Leng and Marshall 2004, Decrouy et al. 2011a, b. The ostracod is the right valve of a female                 

F. pedata. 

 

 

The isotopic composition of the ambient water is a mixture of the individual isotope signal of its water 

supply and their seasonal variations as well as isotopic fractionation during evaporation. Precipitation 

plays a major role in water supply of the ponds, but other water sources need to be taken into account 

when studying stable isotope ratios in ostracod valves. Air temperatures in shallow polygon ponds 

fluctuate greatly in diurnal and seasonal scales and therefore have a strong control on water 

temperatures and evaporation-induced isotopic fractionation in the pond water. This set of influencing 

variables is largely known from isotopic measurements of pond water and summer precipitation, 

ground ice studies and temperature records.  
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In addition, biological processes during valve calcification change the isotope ratios. Despite the 

biomineralisation process in ostracods not being completely understood (Decrouy et al. 2011b) it is 

known that HCO3 taken up by ostracods for valve calcification undergoes metabolic processes that 

change its isotope ratio. Isotopic shifts during metabolic processes are species-specific and termed as 

vital offsets (Xia et al. 1997a,b, von Grafenstein et al. 1999). They are independent from 

environmental conditions. The vital offset for F. pedata was quantified as 1.4 ‰ in specimens from 

periglacial waters in the Lena River Delta (Wetterich et al. 2008a). In this study the deviation of 
18

O 

values in valve calcite from F. pedata 
18

O from values in the ambient waters were 1.10 - 3.09 ‰ for 

male specimens and 1.30 - 3.29 ‰ for female specimens (Table 4-3). Those values lie in the range of 

the calculated vital offset, but include the temperature effect. 

Next to the vital offsets, the ecology of a certain ostracod species, namely its population dynamics and 

microhabitat preference, influence the timing and place of molting and calcification of new valves.               

The exact place where ostracods live and calcify their valves is important. While most ostracods are 

benthic organisms, some species prefer living among water plants (Meisch 2000), in the open water 

column such as C. ovum which is an active swimmer (Henderson 1990), or Notodromas monacha 

which is known to live just below the water surface (Meisch 2000). Depending on the place and depth 

in a lake or its sediment, ostracods experience different environmental conditions such as daily or 

seasonal variations in water temperature, hydrochemical properties, and stable water isotope 

composition (Decrouy et al. 2011a). The water temperature in shallow intrapolygon ponds is similar at 

all depths, but in deeper waters such as interpolygon ponds temperature gradients were occasionally 

observed and may influence the valve calcification process. Furthermore, the environmental conditions 

between the open water column or in interstitial water may differ and influence the valve calcification.  

Depending on the population dynamics and the reproductive mode of a certain species, specimens 

mature early, at an intermediate time frame, or late in the season. Thus, seasonal changes in water 

temperature and hydrochemistry are reflected in ostracod valve calcite depending on the exact timing 

of valve calcification. The population dynamics observed in F. pedata (Fig. 4-16) show that the number 

of female specimens increases throughout the monitored time period. Female specimens mature 

throughout the entire summer season and therefore cover a broad spectrum of water temperatures 

and hydrochemical variability of the ambient waters in their valve record. In contrast, the number of 

male specimens of F. pedata remains largely constant. Thus, male specimens of the same species 

mature at a different time period than females and therefore their valve composition reflects a different 

set of environmental variables and temperatures. Consequently, the stable oxygen isotope 

composition of the ostracod valves is affected by seasonal variations in the ambient waters depending 

on species-specific habitat preferences and life-cycles. This is not limited to oxygen isotope ratios but 

also accounts for incorporation of carbon isotopes and trace elements in ostracod valve calcite. 

Ostracod ecology is interconnected with seasonal variations in temperature, hydrochemical and stable 

isotope composition of the ambient waters and needs to be taken into account when employing 

ostracod valve geochemistry to (paleo-) environmental applications. Thus, background knowledge on 

species-specific habitat preferences and life-cycles is crucial to critically evaluate stable isotope and 

trace element studies (von Grafenstein et al. 1999, Holmes 2003, Wetterich et al. 2008a-c, Decrouy             

et al. 2011a, b, 2012).  



  Discussion 

71 

 

5.5 Future improvements of the applied sampling and analytical approach (Outlook) 

 

As shown in this and similar studies (Hobbie 1980, Pienitz et al. 1997a, b, Duff 1999, Hamilton et al. 

2001, Michelutti et al. 2002), the nutrient and major ion concentration in the water column of arctic 

freshwaters is rather poor and the waters experience large diurnal and annual temperature 

fluctuations. However, those waters host high numbers of planktonic and benthic zooplankton during 

summer (Prowse 2006a, Rautio and Vincent 2006, 2007, Rautio 2011, Frolova 2012). It has been 

found that benthic microbial mats, defined as a cohesive layer of algae attached to the substrate, play 

an important role in sustaining zooplankton in oligotrophic arctic ponds (Rautio and Vincent 2006, 

2007, Mariash et al. 2011). The interstitial water carrying the benthic microbial mats contains much 

higher nutrient concentrations than the overlying lake water column (Rautio and Vincent 2006).                    

For ostracods living directly in the sediment and calcifying their valves there, the conditions in their 

microhabitat control their valve geochemistry. Thus, the hydrochemical fingerprint of interstitial waters 

should be subject to further studies in order to test its major ion concentration and stable water isotope 

composition compared to the overlying water column. Gaining this knowledge may contribute to a 

better understanding of how ostracods calcify their valves in dilute periglacial waters.  

Kiss (2007) evaluated the spatial and temporal distribution, abundance and habitat preferences of 

ostracod assemblages in Lake Fehér in Hungary. Significant spatial differences were recorded in the 

composition and abundance of the ostracod assemblages in the different microhabitats. The most 

diverse and abundant assemblages were found in the macrophyte-dominated reed-belt surrounding 

the lake. During field sampling it was also observed, that ostracods were sometimes found in a 

particular spot in high numbers, but were absent in other areas of the same pond. Spotty distribution 

and microhabitat preferences of ostracods are also described by Fergusen (1944), Smith and Delorme 

(2010) and Decrouy et al. (2011a). Since the presence and coverage of vegetation seem to influence 

the distribution and abundance of species (Kiss 2007), it is important to differentiate between 

completely vegetated ponds, Cyperaceae-belts and vegetation-free pond centres. Furthermore, some 

interpolygon ponds displayed a water temperature gradient with depth. Temperature measurements in 

different depths and studies of ostracod assemblages resolve whether differences in microhabitats 

according to temperature and depth exist. In general, future studies may decipher microhabitat 

preferences of ostracod assemblages in periglacial waters.  

Detailed population dynamics of single species as shown for F. pedata in the monitoring site are 

largely unknown for other common species in the Arctic. Species-dependent life-cycles, their 

juvenile/adult and male/female ratios eventually bear unexplored potential with regard to the length of 

past and present ice-free periods of the habitats. Furthermore, exploring detailed knowledge about 

population dynamics allows a better evaluation of geochemical records from ostracod valve calcite.  

Fabaeformiscandona sp. I and Fabaeformiscandona sp. II displayed the narrowest tolerance ranges 

for selected environmental parameters and therefore hold indicative potential. The final species 

identification will allow literature-based comparisons with other studies to assess its geographic 

distribution and to use its full indicative potential. 

Furthermore, species-dependent vital offsets are known to influence the isotopic signature in ostracod 

valve calcite (Xia et al. 1997a, von Grafenstein et al. 1999). The vital offset for F. pedata from ponds in 
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the Lena River Delta has been quantified as 1.4 ‰ (Wetterich et al. 2008a). The constant sampling 

interval of four days and continuous water temperature records in the monitoring pond Kyt-01 allow 

testing the vital offset for F. pedata focusing gender-specific differences and the timing of appearing 

male and female specimens in the population record, but were beyond the scope of this study.  

Stable isotope and trace element studies of ostracod valve calcite reflect the geochemical properties 

of the host water at the time of valve calcification. However, the exact timing of uptake of materials for 

valve calcification remains unknown. The only opportunity to study biogeochemical properties of valve 

calcite under controlled conditions is conducting aquarium experiments as applied by Xia et al. 

(1997a), von Grafenstein et al. (1999) and Li and Liu (2010). Those studies might be accompanied by 

detecting the crustacean molting enzyme chitobiase. The chitinolytic enzyme chitobiase (N-acetyl-P-D-

glucosaminidase) is produced during the pre-molt phase of crustaceans when the animal prepares to 

enter the next instar stage, and is released into the ambient water after discarding the old valve 

(Oosterhuis et al. 2000, Sastri and Roff 2000, Sastri et al. 2013). Significant activity of free chitobiase 

was found in the ambient water of copepod communities. The method of tracking chitobiase is 

described as rapid and instantaneous and is a commonly applied tracer of estimating crustacean 

zooplankton growth rates in natural waters (Oosterhuis et al. 2000, Sastri and Roff 2000, Sastri et al. 

2013). Hence, the molting enzyme may allow detailed insights in life-cycles and population dynamics 

of ostracods if they produce a similar substance. Precise knowledge on species-specific life-cycles 

permits more accurate evaluation of geochemical studies and stable isotope fractionation in ostracod 

valve calcite (Decrouy et al. 2011b). Measuring molt enzyme concentrations provides an ideal tool for 

determining the exact timing of valve calcification in ostracods. Gaining this knowledge is an essential 

step towards more precise interpretations when relating the stable oxygen isotope and trace element 

composition found in ostracod valves to hydrological and climate conditions at the time of valve 

calcification. Therefore, testing of enzyme activity in combination with geochemical studies of ambient 

waters and freshwater ostracod valves is highly recommended in order to evaluate the potential of this 

promising tool. 
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6 Conclusions 

 

Freshwater ostracod assemblages and limnological characteristics of 27 polygon ponds and other 

periglacial waters from the Indigirka Lowland in north-east Siberia were obtained. Physical and 

chemical baseline data of the ponds were used for habitat characterizations and for the determination 

of ecological tolerance ranges in the freshwater ostracod species found. A monitoring approach 

revealed seasonal limnological variability of a typical low-centre polygon pond, its ostracod population, 

and the stable oxygen isotope record in ostracod valve calcite. The following conclusions can be 

drawn from this study: 

 

1. Freshwater ostracods occur abundantly and diverse in polygon ponds and other periglacial 

waters of the Indigirka Lowland. Variability in species assemblages in different landscape units 

and pond types is small due to largely homogeneous habitat conditions in polygon ponds and 

other periglacial waters of the study area.  

 

2. Air temperature and precipitation are the main drivers controlling aquatic habitat conditions for 

ostracods in permafrost ponds. Their strong influence on pond water levels and ion 

concentrations throughout the summer season highlights the role of meteorological conditions 

and its variability for aquatic ecosystems in permafrost areas, and underscores the importance 

of establishing baseline data in the Arctic in order to monitor future environmental changes. 

 

3. The ecological characterization of the six most common ostracod species in the Indigirka 

Lowland revealed strong indicative potential of Fabaeformiscandona sp. I and 

Fabaeformiscandona sp. II for electrical conductivity and major ion concentrations. New 

insights in seasonal population dynamics such as obtained for Fabaeformiscandona pedata 

emphasize their relevance when interpreting geochemical records from ostracod valve calcite. 

Furthermore, species-specific juvenile/adult and male/female ratios represent baseline data 

for the largely unexplored life-cycles and adaptation of arctic microcrustaceans.  

 

4. Stable oxygen isotope composition of summer precipitation, pond waters and ostracod valve 

calcite reflects a seasonal trend towards more negative values corresponding to a seasonal 

cooling trend. The isotopic fractionation history of ambient waters and its supply in 

combination with species-specific background data must be known in order to assess the full 

potential of stable isotope records in ostracod valve calcite.  

 

Freshwater ostracods from permafrost areas are valuable biological indicators for aquatic 

environmental conditions and their atmospheric drivers. Since permafrost deposits have a high 

preservation potential, fossil ostracod assemblages provide detailed insights in past environmental 

conditions, if modern reference datasets of limnological baseline characteristics and species records 

are available for comparison. This requirement underscores the need of further systematic studies of 

modern environmental dynamics and ostracod assemblages in the Arctic.  
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Appendix I Brief description of the 26 pond sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KYT-02 Area: Upper Alas  level 
Size of the water body: 20,5 x 12,7 m 
Water depth: 70 cm 
 
Substrate  
Brown loose plant material, medium 
decomposed 
 
Vegetation 
Andromeda polifolia, Betula nana, Caltha 
palustris, Carex aquatilis ssp. stans, Carex 
sp., Ledum palustre, Polygonum viviparum, 
Potentilla palustris, Salix sp., Sphagnum spp. 
 
Remarks 
At least two coalescent polygon ponds, steep 
margins 

Date: 21.07.2011 Type: Thaw lake 

Coordinates: 

70.83291°N  147.47839°E 

 

 
 

KYT-03 Area: Lower Alas  level 

Size of the water body: 20,9 m 
Water depth: 50 cm 
 
Substrate  
Brown loose plant material, medium 
decomposed 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriphorum angustifolium, Sphagnum spp. 
 
Remarks 
Located in a low-center polygon field 

Date: 23.07.2011 Type: Intrapolygon pond 

Coordinates: 

70.84306°N   47.48895°E 

 

 
 

KYT-04 Area: Lower Alas level Size of the water body: 20,8 m 
Water depth: 32 cm 
 
Substrate  
Brown loose plant material, medium 
decomposed 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriphorum angustifolium, Salix sp., Sphagnum 
spp. 
 
Remarks 
Located in a low-center polygon field 

Date: 23.07.2011 Type: Intrapolygon pond 

Coordinates: 

70.84312°N   147.48555°E 
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KYT-05 Area: Upper Alas  level Size of the water body: 20,4 x 16,5 
Water depth:  > 1 m 
 
Substrate  
Medium decomposed plant material 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Ledum palustre, Potentilla palustris, Rumex 
arcticus, Sparganium hyperboreum  
 
Remarks 
At least two coalescent polygon ponds, steep 
margins 
 
 

Date: 03.08.2011 Type: Thaw lake 

Coordinates: 

70.82958°N   147.48596°E 

 

 
 

KYT-06 Area:  Upper Alas  level Size of the water body: 18 m 
Water depth: 15 cm 
 
Substrate  
Medium decomposed fibrous peat (root peat) 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriophorum angustifolium, Lychnis sp., 
Polygonum viviparum, Rumex arcticus, Salix 
sp., Saxifraga hirculus, Utricularia ochroleuca 
 
Remarks 
Occurrence of gas bubbles, H2S-smell 

Date: 27.07.2011 Type: Intrapolygon pond 

Coordinates: 

70.82832°N    147.44064°E 

 

 
 

KYT-07 Area:  Lower Alas  level Size of the water body: 12,8 x 8,9 m 
Water depth: 29 cm 
 
Substrate  
Weakly decomposed plant detritus 
 
Vegetation 
Betula nana, Eriophorum vaginatum, Ledum 
palustre, Sphagnum spp., Salix sp., 
Vaccinium vitis-idea 
 
Remarks 
Located in a low-center polygon field 

Date: 28.07.2011 Type: Intrapolygon pond 

Coordinates: 

70.86152°N   147.49527°E 
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KYT-08 Area:  Upper Alas  level Size of the water body: 15 x 7 m 
Water depth: 45  - 50 cm 
 
Substrate  
Slightly decomposed plant remains, branches 
and leafs from Betula visible  
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriophorum angustifolium, Ledum palustre, 
Vaccinium vitis-idea 
 
Remarks 
Flooded Betula nana at the pond margins and 
in the centre, slight water streaming, 
occurrence of gas bubbles 

Date: 03.08.2011 Type: Interpolygon pond 

Coordinates: 

70.83157°N   147.48248°E 

 

 
 

KYT-09 Area:  Western Yedoma  Size of the water body: 5,9 m 
Water depth: 22 cm 
 
Substrate  
Slightly decomposed plant remains 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriophorum angustifolium, Salix cf. 
myrtoloides, Sphagnum spp. 
 
Remarks 
Pond connected to a small stream 
draining  the western Yedoma ridge, 
heavily vegetated  
 
 

Date: 04.08.2011 Type:  Other  

Coordinates: 

70.82761°N    147.46181°E 

 

 
 

KYT-10 Area:   Western Yedoma Size of the water body: 10 x 1,5 m  
Water depth: 15 – 20 cm 
 
Substrate  
Slightly decomposed plant remains, 
branches and leafs from Betula nana 
visible 
 
Vegetation 
Betula nana, Eriophorum angustifolium, 
Poaceae, Salix cf. myrtoloides 
 
Remarks 
Pond connected to a small stream 
draining  the western Yedoma ridge, 
heavily vegetated, flooded Betula nana 
 

Date: 04.08.2011 Type:   Other  

Coordinates: 

70.83604°N    147.44827°E 
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KYT-11 Area: Upper Alas level Size of the water body: 10 x 25 m 
Water depth: 20 – 30 cm 
 
Substrate  
Slightly decomposed plant material 
 
Vegetation 
Andromeda polifolia, Betula nana, Carex 
aquatilis ssp. stans, Ledum palustre, Salix cf. 
myrtoloides 
 
Remarks 
Located in a low-center polygon field closed to 
NNW foot area of the western Yedoma ridge 

Date: 04.08.2011 Type: Intrapolygon pond 

Coordinates: 

70.83910°N    147.44356°E 

 

 
 

KYT-12 Area:  Upper Alas level Size of the water body: 7 x 10 m 
Water depth: 40 cm  
 
Substrate  
Slightly decomposed plant remains, branches 
and leafs from Betula nana visible 
 
Vegetation 
Carex aquatilis ssp. stans, Eriophorum 
angustifolium, Potentilla palustris, Sphagnum 
spp., Salix sp.  
 
Remarks 
Flooded low-center polygon at the margin               
of   a thaw lake 

Date: 06.08.2011 Type:  Thaw lake 

Coordinates: 

70.84752°N   147.42291°E 

 

 
 

KYT-13 Area:   Upper Alas level Size of the water body: 5 - 10 x 25 m 
Water depth: 45 cm 
 
Substrate  
Slightly decomposed plant remains, 
branches and leafs from Betula nana visible 
 
Vegetation 
Betula nana, Eriophorum angustifolium, 
Eriophorum vaginatum, Ledum palustre  
 
Remarks 
Pond connected to a small stream towards 
a larger thaw lake nearby  

Date: 06.08.2011 Type:   Other  

Coordinates: 

70.84760°N   147.40939°E 
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KYT-14 Area:   Upper Alas level Size of the water body: 24,6 x 18,6 m 
Water depth: 60 – 75 cm 
 
Substrate  
Fine brown plant detritus 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriophorum angustifolium,  
Eriophorum vaginatum, Ledum palustre, 
Poaceae, Rubus chamaemorus,  
Salix cf. myrtoloides, Sphagnum  spp., 
Utricularia ochroleuca, Vaccinium vitis-idea 
 
Remarks 
Steep margins, flooded Betula nana, 
channel-like pond was only 1 m wide 

Date: 12.08.2011 Type:  Interpolygonal pond 

Coordinates: 

70.83120°N    147.47955°E 

 

 
 

KYT-15 Area:   Upper Alas level Size of the water body: 7,7 x 8,2 m 
Water depth: 20 cm 
 
Substrate  
Fine brown plant detritus 
 
Vegetation 
Andromeda polifolia, Betula nana, Carex 
aquatilis ssp. stans, C. chorrdorhizza,             
C. rotundata, Pedicularis cf. lapponicus, 
Polygonum viviparum, Utricularia ochroleuca, 
Salix sp., Sphagnum squarrosum, Sphagnum 
spp., Vaccinium vitis-idea 
 
Remarks 
Collapsing polygon walls, densely vegetated 
pond water surface 

Date: 12.08.2011 Type:  Intrapolygon pond 

Coordinates: 

70.83173°N    147.47595°E 

 

 
 

KYT-16 Area:  Lower Alas level Size of the water body: 14 x 19 m 
Water depth: 35 cm 
 
Substrate  
Fine brown plant detritus 
 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Carex chordorrhizza, Eriophorum 
angustifolium, Ledum palustre, Pedicularis cf. 
lapponicus, Poaceae, Potentilla palustris, 
Salix sp., Sphagnum spp., Vaccinium vitis-
idea 
 
Remarks 
Located in a low-center polygon field 

Date: 13.08.2011 Type: Intrapolygon pond 

Coordinates: 

70.84522°N   147.47943°E 
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KYT-17 Area:  Lower Alas level Size of the water body: 8 x 6,5 m 
Water depth: 30 cm 
 
Substrate  
Fine brown plant detritus 
 
Vegetation 
Andromeda polifolia, Betula nana, Carex 
aquatilis ssp. stans, Carex chordorrhizza, 
Eriophorum angustifolium, Pedicularis cf. 
lapponicus, Polygonum viviparum, Potentilla 
palustris, Ranunculus pallasii, Salix sp. 
 
Remarks 
Located in a low-center polygon field 

Date: 13.08.2011 Type: Intrapolygon pond 

Coordinates: 

70.84276°N   147.47131°E 

 

 
 

KYT-18 Area:  Flood plain Size of the water body: 15 x 7 m 
Water depth: 55 cm 
 
Substrate  
Coarse brown plant detritus, plant and wood 
fragments visible, leafs from Salix  
 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Hippuris vulgaris, Pedicularis cf. lapponicus, 
Potentilla palustris, Ranunculus sp., Salix sp., 
Sphagnum squarrosum, Sphagnum spp., 
Valeriana capitata 
 
Remarks 
Near recent Berelekh River course 

Date: 15.08.2011 Type:  Interpolygon pond 

Coordinates: 

70.81393°N    147.47542°E 

 

 
 

KYT-19 Area:  Flood plain Size of the water body: ca. 50 m 
Water depth: 70 cm (margin) 
 
Substrate  
Coarse brown plant material, plant and 
wood fragments visible 
 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Petasites frigidus, Potentilla palustris, 
Ranunculus pallasii, Rumex articus, 
Sparganium hyperboreum, Sphagnum 
squarrosum, Sphagnum spp. 
 
Remarks 
Occurrence of gas bubbles, oxbow lake, 
steep margins 

Date: 15.08.2011 Type:  Other  

Coordinates: 

70.81393°N   147.47542°E 
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KYT-20 Area:  Flood plain Size of the water body: 10 x 4 m 
Water depth: 55 cm 
 
Substrate  
Coarse brown plant material, plant and wood 
fragments visible, transparent roots  
 
Vegetation 
Carex aquatilis ssp. stans, Hippuris vulgaris, 
Potentilla palustris, Salix sp., Sphagnum 
squarrosum, Sphagnum spp., Utricularia 
vulgaris 
 
Remarks 
Surrounded by approx. 1.5 m high Salix sp. 
shrubs, occurrence of gas bubbles 

Date: 16.08.2011 Type:  Interpolygon pond 

Coordinates: 

70.81631°N   147.47833°E 

 

 
 

KYT-21 Area:  Flood plain Size of the water body: 7 x 5,5 m 
Water depth: 50 cm 
 
Substrate  
Fine brown and black plant detritus, plant and 
wood fragments, leafed branches from Salix 
 
Vegetation 
Carex aquatilis ssp. stans, Hippuris vulgaris, 
Potentilla palustris, Salix sp., Sphagnum 
squarrosum, Sphagnum spp., Utricularia 
vulgaris 
 
Remarks 
Flooded Salix shrubs 

Date: 16.08.2011 Type:  Interpolygon pond 

Coordinates: 

70.81596°N   147.47942°E 

 

 
 

KYT-22 Area:  Flood plain Size of the water body: 9,3 x 7,7 m 
Water depth: 50 cm 
 
Substrate  
Medium decomposed brown plant material, 
leafes from Salix 

 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Hippuris vulgaris, Potentilla palustris, Salix 
sp., Sphagnum squarrosum, Sphagnum spp., 
Utricularia vulgaris  
 
Remarks 
Vegetated water area with Potentilla and 
Utricularia, steep margins 

Date: 18.08.2011 Type:  Interpolygon pond 

Coordinates: 

70.81786°N   147.47485°E 
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KYT-23 Area:  Flood plain Size of the water body: 10,3 x 8,5 m 
Water depth: 50 cm 
 
Substrate  
Medium decomposed dark brown plant 
material, leafes from Salix, coarse 
undecomposed plant fragments 
 
Vegetation 
Carex aquatilis ssp. stans, Hippuris vulgaris, 
Potentilla palustris, Sparganium hyperboreum, 
Sphagnum squarrosum, Sphagnum spp., 
Utricularia vulgaris 
 
Remarks 
Located in a low-center polygon field 

Date: 18.08.2011 Type:  Intrapolygon pond 

Coordinates: 

70.81617°N   147.47600°E 

 

 
 

KYT-24 Area:  Floodplain Size of the water body: 20 x 35 m  
Water depth: 50 – 60 cm (2 m from margin) 
 
Substrate  
Black colored dark brown plant detritus, fine 
decomposed, coarse slighty decomposed 
plant material 
 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Hippuris vulgaris, Petasites frigidus, 
Ranunculus pallasii, Salix sp., Sphagnum 
squarrosum, Sphagnum spp., Utricularia 
vulgaris 
 
Remarks 
Abandoned channel from Berelekh river, 
oxbow lake, steep margins 

Date: 20.08.2011 Type:  Other 

Coordinates: 

70.81973°N   147.48322°E 

 

 
 

KYT-25 Area:  Flood plain Size of the water body: 10 x 12 m 
Water depth: 70 cm (2 m from margin) 
 
Substrate  
Fine brown plant detritus, little amount of silty 
material, undecomposed Salix leafs 
 
Vegetation 
Caltha palustris, Carex aquatilis ssp. stans, 
Salix sp., Ranunculus cf. hyperboreus, 
Ranunculus triparitus, Rumex arcticus, 
Sparganium hyperboreum, Sphagnum spp., 
Utricularia ochroleuca 
 
Remarks 
Located in a low-center polygon field 

Date: 22.08.2011 Type:  Intrapolygon pond 

Coordinates: 

70.82465°N    147.52426°E 
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KYT-26 Area:  Flood plain Size of the water body: 10 x 16 m 
Water depth: 70 cm (1 m from margin) 
 
Substrate  
Fine brown plant detritus, little amount of silty 
material, partly fibrous (roots?) 
 
Vegetation 
Carex aquatilis ssp. stans, Caltha palustris, 
Salix sp., Sphagnum spp., Utricularia vulgaris 
 
Remarks 
Steep margins, muddy water, 300 m away 
from recent course of the Berelekh River 

Date: 22.08.2011 Type:  Intrapolygon pond 

Coordinates: 

70.82375°N   147.52097°E 

 

 
 

KYT-27 Area:  Western Yedoma Size of the water body: 6,5 x 4,5 m 
Water depth: 42 cm 
 
Substrate  
Fine brown plant detritus, slightly 
decomposed Carex leafs and branches 
 
Vegetation 
Betula nana, Carex aquatilis ssp. stans, 
Eriophorum vaginatum, Ledum palustre, 
Pedicularis lapponicus, Rubus 
chamaemorus, Salix sp., Sphagnum spp., 
Vaccinium vitis-idea 
 
Remarks 
Pond connected to a small stream draining  
the western Yedoma ridge 

Date: 24.08.2011 Type:  Other 

Coordinates: 

70.82645°N   147.47778°E 
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Appendix II Species list of ostracods and data tables. 

 

 

 
Species list freshwater of ostracods from the Indigirka Lowland, north-east Siberia 
 
 
Candona muelleri-jakutica    PIETRZENIUK, 1977 

Cyclocypris ovum     JURINE, 1820 

Cypria exsculpta     FISCHER, 1855 

Fabaeformiscandona groenlandica   BREHM, 1911 

Fabaeformiscandona harmsworthi   SCOTT, 1899 

Fabaeformiscandona krochini     BRONSHTEIN, 1947 

Fabaeformiscandona pedata    ALM, 1914 

Fabaeformiscandona protzi   HARTWIG, 1898 

Fabaeformiscandona sp. I  

Fabaeformiscandona sp. II  

Pseudocandona sp. 
 
 
 
 
 
 
Table A-1 Ostracod record from the monitoring pond Kyt-01.  
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Kyt-01-01 2 
 

2 
   

81 83 

Kyt-01-02 8 
 

8 
   

64 72 

Kyt-01-03 19 5 14 
   

60 79 

Kyt-01-04 22 12 20 
   

96 118 

Kyt-01-05 20 9 11 1 
  

62 83 

Kyt-01-06 65 48 17 1 
  

39 105 

Kyt-01-07 62 46 16 
   

60 122 

Kyt-01-08 44 34 10 
 

1 1 34 80 

Kyt-01-09 74 60 14 
   

30 104 

Kyt-01-10 112 95 17 
   

32 144 

total 428 309 129 2 1 1 558 990 



Appendix   

96 

 

Table A-2 Ostracod record from ponds Kyt-02 to -27.  
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KYT-02 
 

1 
   

1 62 
    

17 81 

KYT-03 11 
    

15 21 
    

44 91 

KYT-04 
 

1 
   

7 62 
    

52 122 

KYT-05 
 

1 
   

4 12 
    

3 20 

KYT-06 
     

2 25 
    

37 64 

KYT-07 5 
     

33 
 

6 
  

29 73 

KYT-08 29 1 
    

56 
 

28 
  

1 115 

KYT-09 6 2 
    

12 
 

5 
  

31 56 

KYT-10 68 3 
 

8 
  

372 
 

132 1 
 

163 747 

KYT-11 3 
          

1 4 

KYT-12 
     

1 54 
    

32 87 

KYT-13 4 
    

1 12 
    

5 22 

KYT-14 
      

382 
    

13 395 

KYT-15 1 1 
    

18 
 

2 2 
 

2 26 

KYT-16 6 
     

134 
 

6 
  

15 161 

KYT-17 
    

2 1 123 
    

19 145 

KYT-18 16 
     

61 
 

16 
  

1 94 

KYT-19 
     

9 126 
    

87 222 

KYT-20 5 1 
    

122 
 

9 29 
 

6 172 

KYT-21 
  

1 
   

139 
 

2 
   

142 

KYT-22 3 1 
    

22 
  

3 
 

1 30 

KYT-23 7 1 
    

56 
 

5 7 
 

88 164 

KYT-24 
 

5 
   

5 99 
    

14 123 

KYT-25 
     

28 57 
    

15 100 

KYT-26 
 

1 
   

6 105 27 
 

4 1 36 180 

KYT-27 4 
       

28 1 
 

12 45 

total 168 19 1 8 2 80 2165 27 239 47 1 724 3272 
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Table A-3 Major ions in the monitoring pond Kyt-01. Std. refers to standard deviation. 

 
 

Sample 
code 

Ca K Mg Na Cl SO4 HCO3  

mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

  mg l
-1      

 

Kyt-01-01 1.07 0.83 0.79 0.91 0.52 < 0.1 3.5 

Kyt-01-02 1.12 0.66 0.83 0.89 0.42 < 0.1 2.4 

Kyt-01-03 1.96 0.88 1.16 1.19 0.51 < 0.1 6.7 

Kyt-01-04 1.76 0.48 1.17 0.69 0.28 < 0.1 4.9 

Kyt-01-05 1.72 0.44 1.18 0.72 0.36 < 0.1 4.4 

Kyt-01-06 1.81 0.39 1.27 0.58 0.38 < 0.1 6.3 

Kyt-01-07 1.71 0.34 1.26 0.53 0.45 < 0.1 3.7 

Kyt-01-08 1.66 0.41 1.21 0.63 0.49 < 0.1 5.2 

Kyt-01-09 1.90 0.49 1.36 0.62 0.54 < 0.1 5.9 

Kyt-01-10 1.92 0.44 1.37 0.62 0.58 < 0.1 5.8 

Min. 1.07 0.34 0.79 0.53 0.28 - 2.44 

Max. 1.96 0.88 1.37 1.19 0.58 - 6.71 

Mean 1.66 0.54 1.16 0.74 0.45 - 4.88 

Std. 0.315 0.19 0.199 0.202 0.0925 - 1.37 

 

 

 

 
Table A-4 Hydrochemical data in the monitoring pond Kyt-01. Std. refers to standard deviation.  
Alkal. – Alkalinity, Acid. – Acidity, Hard. – water hardness. 

 

 

Sample 
code 

Tair Twater EC pH O2  Alkal.  Acid.  Hard.  NH4 NO3 PO4
3
 

°C °C μS cm
-1

  
mg l

-1
 mmol l

-1
 mmol l

-1
 °dH µmol l

-1
 µmol l

-1
 µmol l

-1
 

Kyt-01-01 17.2 19.0 23 6.2 8.4 0.4 0.4 1.5 2.78 19.85 adl 

Kyt-01-02 15.4 17.8 17 5.9 8.4 0.4 0.4 1.5 adl adl adl 

Kyt-01-03 19.2 17.9 21 6.4 6.0 0.4 0.4 2.5 adl adl adl 

Kyt-01-04 13.2 17.6 21 5.6 8.4 0.4 0.4 0.5 5.57 32.70 adl 

Kyt-01-05 18.2 13.5 18 6.3 7.2 0.4 0.4 3.5 adl 28.06 adl 

Kyt-01-06 7.0 - 26 7.6 9.8 0.4 0.4 3.5 1.36 32.41 adl 

Kyt-01-07 8.5 8.7 18 6.1 9.8 0.4 0.4 4.0 adl 28.63 adl 

Kyt-01-08 4.5 8.0 21 6.5 10.0 0.4 0.4 4.0 adl 35.13 adl 

Kyt-01-09 5.5 7.3 21 6.2 10.8 0.4 0.4 4.5 1.99 27.34 adl 

Kyt-01-10 8.4 7.2 21 6.0 8.0 0.4 0.4 3.5 3.43 28.77 adl 

Min. 4.5 7.2 17.0 5.6 6.0 0.4 0.4 0.5 1.4 19.8 - 

Max. 19.2 19.0 26.0 7.6 10.8 0.4 0.4 4.5 5.6 35.1 - 

Mean 11.7 13.0 20.7 6.3 8.7 0.4 0.4 2.9 3.0 29.1 - 

Std. 5.56 5.17 2.63 0.53 1.45 0.00 0.00 1.33 1.62 4.63 - 
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Table A-5 Major ions in ponds Kyt-02 to -27. Std. refers to standard deviation. 

 

 

Sample  
code           

Ca K Mg Na Chlorid Sulfat HCO3  

mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

 mg l
-1      

  mg l
-1      

 

Kyt-02 2.55 0.25 1.65 0.71 0.15 < 0.1 8.1 

Kyt-03 3.06 0.91 1.82 0.99 0.47 < 0.1 14.2 

Kyt-04 2.30 1.29 1.32 1.41 0.26 < 0.1 7.2 

Kyt-05 3.01 < 0.2 1.87 0.42 0.17 < 0.1 7.8 

Kyt-06 21.2 0.53 8.06 2.79 2.06 < 0.1 89.7 

Kyt-07 1.86 0.24 1.93 0.89 0.15 < 0.1 5.5 

Kyt-08 2.82 0.31 1.81 0.62 0.20 < 0.1 2.7 

Kyt-09 3.73 0.67 2.29 1.26 0.21 < 0.1 7.5 

Kyt-10 5.26 0.27 2.83 0.92 0.27 < 0.1 13.0 

Kyt-11 5.48 < 0.2 3.20 1.49 0.70 < 0.1 18.0 

Kyt-12 2.85 1.73 1.53 1.84 0.57 < 0.1 6.1 

Kyt-13 2.26 0.45 1.63 0.78 0.28 < 0.1 8.1 

Kyt-14 3.54 < 0.2 2.11 0.49 0.23 < 0.1 8.4 

Kyt-15 4.33 < 0.2 2.60 0.57 0.19 < 0.1 11.0 

Kyt-16 2.48 < 0.2 1.96 0.50 0.16 < 0.1 3.2 

Kyt-17 3.49 0.74 2.03 1.09 0.32 < 0.1 14.0 

Kyt-18 3.78 0.38 2.01 0.85 0.47 < 0.1 11.1 

Kyt-19 8.37 1.42 4.10 0.81 0.65 < 0.1 33.1 

Kyt-20 2.88 < 0.2 1.25 0.50 0.25 < 0.1 5.3 

Kyt-21 2.94 0.22 1.45 0.65 0.29 < 0.1 6.9 

Kyt-22 4.01 0.22 1.67 0.59 0.25 < 0.1 11.4 

Kyt-23 4.77 0.30 2.28 0.68 0.35 < 0.1 18.0 

Kyt-24 5.34 0.81 2.92 0.84 0.50 < 0.1 20.9 

Kyt-25 4.20 0.70 2.36 0.77 0.66 < 0.1 20.0 

Kyt-26 3.45 0.40 1.71 0.62 0.66 < 0.1 10.8 

Kyt-27 2.00 0.60 1.75 1.05 0.42 < 0.1 3.4 

Berelekh 
River 

4.64 0.69 2.05 0.82 0.52 1.53 38.6 

Konsor 
Syane 

4.05 0.80 1.93 1.17 0.85 < 0.1 38.9 

Min. 1.86 0.22 1.25 0.42 0.15 - 2.75 

Max. 21.20 1.73 8.06 2.79 2.06 - 89.69 

Mean 4.31 0.62 2.31 0.93 0.42 - 14.05 

Std. 3.718 0.432 1.332 0.511 0.3792 - 16.84 
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Table A-6 Hydrochemical data in ponds Kyt-02 to -27. Std. refers to standard deviation.  
Alkal. – Alkalinity, Acid. – Acidity, Hard. – water hardness. adl – at detection limit. 

 

 

Sample  
code           

Tair Twater EC pH O2  Alkal.    Acid.  Hard.  NH4 NO3 PO4
3
 

 
°C °C μS cm

-1
  

mg l
-1

 mmol l
-1

 mmol l
-1

 °dH µmol l
-1

 µmol l
-1

 µmol l
-1

 

Kyt-02 25.0 19.5 53 5.6 7.0 0.8 0.4 1.5 adl 28.70 9.23 

Kyt-03 12.6 14.8 23 5.5 10.0 0.3 0.4 2.5 1.71 adl adl 

Kyt-04 11.8 16.1 20 5.6 8.2 0.2 0.4 3.0 3.21 17.49 adl 

Kyt-05 7.5 8.6 25 6.4 8.2 0.4 0.4 3.0 3.43 37.34 adl 

Kyt-06 18.0 23.5 153 6.4 7.6 1.6 0.4 4.2 2.93 adl adl 

Kyt-07 19.1 21.9 21 6.8 6.6 0.2 0.4 3.0 2.00 52.12 adl 

Kyt-08 7.3 8.5 34 6.7 8.4 0.4 0.4 3.5 3.00 36.98 adl 

Kyt-09 18.0 8.9 28 6.2 6.4 0.4 0.4 2.5 2.14 56.54 adl 

Kyt-10 16.5 11.8 36 6.2 5.4 0.4 0.6 2.5 1.64 55.40 adl 

Kyt-11 18.5 13.4 42 6.3 8.6 0.4 0.6 4.0 2.07 40.19 adl 

Kyt-12 16.7 13.9 20 6.4 8.8 0.4 0.4 3.0 adl 21.63 adl 

Kyt-13 16.2 13.9 23 6.3 6.2 0.4 0.4 3.0 adl 24.34 adl 

Kyt-14 6.7 7.2 28 5.8 7.2 0.4 0.4 5.5 adl 44.33 adl 

Kyt-15 6.4 9.0 31 5.8 9.6 0.4 0.4 3.0 adl 48.62 adl 

Kyt-16 8.2 9.0 22 6.2 8.6 0.6 0.4 5.0 1.36 50.69 adl 

Kyt-17 7.8 10.6 31 6.4 10.0 0.4 0.4 5.0 adl adl adl 

Kyt-18 9.9 8.1 29 6.3 10.0 0.4 0.4 4.5 adl 25.56 adl 

Kyt-19 
 

10.6 61 6.6 11.6 0.8 0.4 7.5 adl adl adl 

Kyt-20 11.5 8.1 22 6.2 9.4 0.4 0.4 4.0 adl 36.98 adl 

Kyt-21 12.1 10.2 19 6.3 8.6 0.4 0.4 3.5 2.43 30.56 adl 

Kyt-22 13.6 10.0 29 6.5 8.8 0.4 0.4 4.0 2.36 adl adl 

Kyt-23 12.4 10.0 35 6.7 9.4 0.4 0.4 4.0 1.64 adl adl 

Kyt-24 7.1 10.6 44 6.6 9.2 0.8 0.4 5.0 adl adl adl 

Kyt-25 5.2 6.0 37 7.0 11.8 0.6 0.4 6.5 1.93 adl adl 

Kyt-26 5.0 5.5 28 7.1 10.0 1.0 0.4 6.5 1.57 18.85 adl 

Kyt-27 5.8 7.8 20 6.3 10.0 0.4 0.4 3.5 1.78 37.41 adl 
Berelekh 
River - - 22 - - - - - - - - 
Konsor 
Syane - - 21 - - - - - - - - 

Min. 5.0 5.5 19.0 5.5 5.4 0.2 0.4 1.5 1.4 17.5 - 

Max. 25.0 23.5 153.0 7.1 11.8 1.6 0.6 7.5 3.4 56.5 - 

Mean 12.0 11.4 35.2 6.3 8.7 0.5 0.4 4.0 2.2 36.9 - 

Std. 5.37 4.61 26.20 0.41 1.58 0.29 0.05 1.41 0.63 12.56 - 

 

 

 

 

 

 

 

 

 



Appendix   

100 

 

 

 
Table A-7 Stable water isotope values for pond water, precipitation, river water, and ground ice.  
 

 

 

 Lab. Nr. Sample 
18

O 

 ‰ vs. 
SMOW 

1 σ        D 

‰ vs. 
SMOW 

1 σ d 
excess 

Pond water samples 
    9208 Kyt-01-01 -12.93 0.04 -118.9 0.4 -15.5 

9210 Kyt-01-02 -13.08 0.02 -116.6 0.4 -11.9 

9211 Kyt-01-03 -13.87 0.04 -118.5 0.6 -7.6 

9212 Kyt-01-04 -13.61 0.04 -118.8 0.2 -9.9 

9214 Kyt-01-05 -14.69 0.04 -122.9 0.4 -5.3 

9215 Kyt-01-06 -14.53 0.03 -122.3 0.4 -6.1 

9216 Kyt-01-07 -14.39 0.03 -121.6 0.3 -6.5 

9218 Kyt-01-08 -14.01 0.01 -119.1 0.3 -7.1 

9219 Kyt-01-09 -14.32 0.04 -120.8 0.4 -6.2 

9222 Kyt-01-10 -15.08 0.02 -125.2 0.2 -4.6 

6966 Kyt-02 -16.21 0.02 -131.5 0.3 -1.8 

6967 Kyt-03 -14.01 0.07 -120.0 0.3 -7.9 

6968 Kyt-04 -14.14 0.05 -120.0 0.3 -6.8 

6970 Kyt-05 -17.20 0.04 -132.5 0.3 5.0 

6971 Kyt-06 -16.00 0.07 -128.7 0.2 -0.7 

6974 Kyt-07 -17.04 0.05 -133.5 0.1 2.9 

6977 Kyt-08 -16.49 0.04 -130.4 0.2 1.5 

6978 Kyt-09 -18.47 0.05 -137.6 0.3 10.2 

6979 Kyt-10 -18.32 0.03 -137.5 0.3 9.0 

6981 Kyt-11 -19.01 0.03 -141.5 0.2 10.6 

6982 Kyt-12 -16.60 0.03 -136.5 0.1 -3.7 

6983 Kyt-13 -15.12 0.06 -125.9 0.3 -4.9 

6985 Kyt-14 -16.57 0.05 -131.6 0.2 1.0 

6986 Kyt-15 -17.20 0.06 -133.3 0.2 4.3 

6987 Kyt-16 -15.64 0.06 -125.3 0.2 -0.1 

6989 Kyt-17 -14.11 0.02 -119.7 0.4 -6.8 

6990 Kyt-18 -17.31 0.02 -137.1 0.3 1.3 

7086 Kyt-19 -18.31 0.04 -146.0 0.8 0.4 

6993 Kyt-20 -17.71 0.03 -140.0 0.3 1.7 

6994 Kyt-21 -18.34 0.06 -145.2 0.3 1.5 

9199 Kyt-22 -17.71 0.03 -139.0 0.3 2.7 

9202 Kyt-23 -16.06 0.04 -129.1 0.4 -0.6 

9203 Kyt-24 -18.49 0.04 -145.9 0.4 2.0 

9204 Kyt-25 -16.04 0.04 -134.6 0.3 -6.2 

9206 Kyt-26 -18.15 0.04 -143.9 0.4 1.3 

9207 Kyt-27 -16.23 0.03 -130.0 0.5 -0.1 
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Table A-7 Stable water isotope values for pond water, precipitation, river water, and ground ice.  
(continued) 
 
 

 

Lab. Nr. Sample 
18

O 

 ‰ vs.  

SMOW 

1 σ        D 

‰ vs. 
SMOW 

1 σ d 
excess 

Rain water samples 
     6435 KYT-RAIN-1 -15.19 0.03 -112.6 0.7 9.0 

6436 KYT-RAIN-2 -17.77 0.04 -133.8 0.3 8.3 

6437 KYT-RAIN-3 -12.35 0.01 -104.2 0.5 -5.5 

6439 KYT-RAIN-4 -18.50 0.03 -142.8 0.2 5.2 

6440 KYT-RAIN-5 -14.21 0.05 -125.0 0.4 -11.3 

6441 KYT-RAIN-6A -15.14 0.03 -129.3 0.4 -8.2 

6443 KYT-RAIN-6B -15.35 0.02 -118.0 0.5 4.8 

6444 KYT-RAIN-7 -16.80 0.02 -127.5 0.3 6.9 

6445 KYT-RAIN-8 -19.93 0.02 -150.7 0.3 8.7 

6447 KYT-RAIN-9 -11.84 0.03 -100.5 0.4 -5.7 

6448 KYT-RAIN-10 -12.91 0.04 -106.1 0.5 -2.8 

6449 KYT-RAIN-11 -14.17 0.05 -113.2 0.4 0.1 

6451 KYT-RAIN-12 -16.11 0.01 -121.5 0.2 7.3 

6452 KYT-RAIN-13 -14.95 0.01 -115.8 0.4 3.8 

6951 KYT-RAIN-14 -18.69 0.04 -137.5 0.2 12.0 

6954 KYT-RAIN-15 -16.77 0.07 -132.8 0.4 1.3 

6955 KYT-RAIN-16 -16.65 0.04 -132.7 0.3 0.5 

6956 KYT-RAIN-17 -20.97 0.08 -164.8 0.4 2.9 

6958 KYT-RAIN-18 -14.01 0.02 -109.3 0.3 2.8 

6959 KYT-RAIN-19 -16.33 0.05 -126.3 0.2 4.3 

6960 KYT-RAIN-20 -18.54 0.03 -143.0 0.3 5.4 

6962 KYT-RAIN-21 -21.37 0.03 -163.4 0.3 7.5 

Ground ice samples 
     6513 LHC-11-J1880 -16.21 0.04 -134.7 0.6 -5.0 

6514 LHC-11-J14,30-1 -25.82 0.05 -201.7 0.4 4.9 

6515 LHC-11-J14,30-2 -23.78 0.01 -189.8 0.5 0.4 

6517 LHC-11-J19,00-1 -16.90 0.04 -141.2 0.2 -5.9 

6510 KYT-1-IC-1 -25.40 0.03 -193.3 0.4 9.9 

6511 KYT-1-IC-2 -19.75 0.04 -148.5 0.5 9.4 

9241 Palsa -16.88 0.04 -139.8 0.4 -4.7 

River water samples 
     6963 Konsor Syane -16.24 0.05 -131.8 0.2 -1.9 

6964 Berelekh River 1 -18.50 0.10 -147.4 0.1 0.6 

7084 Berelekh River 2 -18.48 0.09 -148.0 0.6 -0.1 
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Table A-8 Sediment parameters in ponds Kyt-01 to -27. Std. refers to standard deviation. 
 

 

Sample 
code 

TIC TOC TN C/N 
13

C S MS 
Median 
grain 
size 

 
% % % 

 

‰ vs. 
PDB % 

10
-8 

m³kg
-1

 μm 

Kyt-01 1.75 38.46 2.95 13.02 -33.71 0.29 44.39 27.84 

Kyt-02 1.06 39.32 2.57 15.33 -31.43 0.26 49.84 36.24 

Kyt-03 1.87 37.72 3.27 11.53 -33.45 0.25 44.69 84.44 

Kyt-04 1.22 40.92 3.46 11.84 -33.07 0.28 32.64 24.13 

Kyt-05 1.58 31.99 1.92 16.70 -32.06 0.25 31.91 260.6 

Kyt-06 2.49 30.60 2.62 11.67 -33.13 0.40 46.35 46.18 

Kyt-07 0.65 43.83 3.50 12.54 -32.55 0.27 35.94 12.51 

Kyt-08 0.72 40.66 3.13 12.99 -32.31 0.25 37.24 149.0 

Kyt-09 1.84 36.18 2.67 13.53 -31.92 0.26 31.79 5.541 

Kyt-10 1.73 37.56 2.69 13.98 -32.81 0.23 43.54 5.972 

Kyt-11 2.00 36.79 3.12 11.80 -34.03 0.29 29.24 24.47 

Kyt-12 2.64 28.79 2.15 13.38 -31.61 0.24 33.08 133.7 

Kyt-13 0.20 43.56 3.02 14.41 -31.95 0.25 36.16 21.46 

Kyt-14 2.28 18.42 1.41 13.07 -31.37 0.18 33.37 12.05 

Kyt-15 3.04 33.22 2.61 12.72 -33.53 0.24 45.55 266.4 

Kyt-16 1.21 41.18 3.45 11.94 -33.28 0.28 38.95 5.541 

Kyt-17 1.23 39.06 2.75 14.18 -32.07 0.20 43.23 212.3 

Kyt-18 1.75 13.85 1.20 11.50 -32.65 0.17 37.97 11.72 

Kyt-19 2.02 19.16 1.51 12.71 -32.55 0.19 36.75 78.09 

Kyt-20 1.23 25.77 1.72 14.98 -  0.21 65.75 18.18 

Kyt-21 0.70 20.73 1.57 13.24 -31.81 0.24 42.27 63.89 

Kyt-22 1.92 19.44 1.42 13.71 -33.35 0.21 41.85 21.0 

Kyt-23 1.97 22.27 1.53 14.56 -32.94 0.25 62.35 238.6 

Kyt-24 1.84 14.59 1.22 11.97 -32.25 0.19 28.26 10.42 

Kyt-25 1.41 12.55 0.98 12.75 -33.05 0.18 47.04 82.08 

Kyt-26 0.98 10.99 0.97 11.38 -32.77 0.14 28.47 12.92 

Kyt-27 1.02 39.81 1.97 20.17 -30.01 0.20 46.01 31.46 

Min. 0.20 10.99 0.97 11.38 -34.03 0.14 28.26 5.541 

Max. 3.04 43.83 3.50 20.17 -30.01 0.40 65.75 260.6 

Mean 1.57 30.27 2.27 13.39 -32.53 0.24 40.54 70.25 

Std. 0.70 11.11 0.85 1.89 0.91 0.05 9.32 83.25 
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