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Abstract

Lake Sapanca, which is located on the Sakarya-Sapanca-izmit corridor in NW
Turkey, is a freshwater lake with numerous fish farms in its catchment.
Palynological analyses including non-pollen palynomorphs of a short (38.5 cm)
and a longer sediment core (586 cm), taken in the centre of the lake and dated
in previous investigations, revealed the presence of brackish and marine
palynomorphs. The longer sediment sequence shows the occurrence of

Brigantedinium sp., Impagidinium caspienense and Spiniferites cruciformis from



the base of the core at c. AD 580 years up to 300 cm depth at shortly after c. AD
910. A similar assemblage, but this time with the additional presence of
dinoflagellate thecae and the acritarch, Radiosperma corbiferum, was found in
the recent core, especially from AD 1986 until the present. Past connections
between the Gulf of izmit and the Black Sea, via the River Sakarya and Lake
Sapanca, could be the origin of these two microfossil assemblages. Accidental
re-introduction via fish translocation since the Roman times may have been a
supplement mechanism. The consequences of the survival of brackish and
marine forms in a freshwater lake are discussed in terms of wider euryhalinity

than has been suggested for those still poorly known organisms.
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1 Introduction

The freshwater lake, Lake Sapanca in NW Turkey, is a key area of interest
to earth scientists. The lake is located on an active strand of the North Anatolian
Fault Zone (NAFZ). Itis located at a possible palaeo-connection (the Sakarya
Strait) between the Black Sea and the Marmara Sea, bypassing and predating
the Strait of istanbul (Ryan and Pitman, 1998; Giirbiiz and Leroy, 2010) (Fig. 1).

At the time of pollen analyses on a short Kajak core (38.5 cm) and a longer
Reasoner core (586 cm) taken from Lake Sapanca, the occasional presence of
microfossils typical of brackish and marine waters has been detected (Leroy et
al., 2009; Leroy et al., in press), but no discussion as to the causes of their
presence has been provided so far. Here we compare the fossil record of these

two cores and suggest explanations for their origin.

Fig. 1

2 Setting and previous studies

2.1 The lake
Lake Sapanca is located at 40° 43’ N, 30° 15’ E and an altitude of 31 m
asl (Figs 1 and 2). The lake occupies a pull-apart basin, created by a step-over

in fault rupture (Rathje et al., 2004).

Fig, 2

This freshwater lake has a surface area of 46.8 km?, a maximum depth of



55 m, which is below sea level, and stretches 16 km in an East-West direction
and 5 km in a South-North direction (Albay et al., 2003; Fig. 2). The whole water
column of Lake Sapanca mixes once a year in February-March and surface
waters cool down to 6.5 °C by late winter and then warm steadily to 26 °C by
late summer. Thus Lake Sapanca is a warm monomictic freshwater lake
(Morkog et al., 1998). According to Baykal et al. (1996), the lake is oligotrophic
with a first class quality, but tends to become slightly mesotrophic. Recent
measurements (2008-2009) of salinity through the water column indicate values
always lower than 1 %o.

The unexpected development of tourism and recreation at the beginning of
the 1990s has given rise to excessive nutrient input to the lake (Table 1). At
present, the lake provides drinking water for the district of Sakarya and Kocaeli.
It is also used for agriculture and abstracted for industrial use (Albay and
Akcaalan, 2008). The physical, chemical and biological characters of Lake
Sapanca are summarized in Table 1.

Fifteen rivers, many of them ephemeral, feed the lake with the largest
inflows from the south. Lake Sapanca discharges via River Cark on the
northeast shore into Sakarya River (Figs 1 and 2). This larger river is 5 km east
of the lake, but can occasionally overflow into it.

As three other papers deriving from the same research project as this paper
have already been published, much of the setting descriptions, such as climate,
vegetation, geology, and relief, can be found in Schwab et al. (2009) and Leroy

et al. (2009, in press).

2.2 Palaeogeography of the region and historical palaeo-connections

The Black Sea formed as the Paratethys progressively shrunk and split in



several seas (Vasiliev et al., 2004). Pfannenstiel (1944) referring to Andrussow’s
work suggested that the Black Sea was connected with the Marmara Sea via
the Lower Sakarya Valley—Lake Sapanca—izmit Gulf waterway during different
intervals of the Pleistocene and that the valley between the Black Sea and the
Gulf of izmit (Figs. 1 and 2) was an arm of the sea during what he referred to as
‘the diluvial times’, corresponding to the last melting of the Eurasian ice sheet
(Ryan and Pitman, 1998). This passage was progressively severed by tectonic
movements during the transition from the Late Pleistocene to the Holocene and
replaced by the istanbul Strait at an unknown time. The role of the Sakarya
Strait cannot be understated, as it would have served as a sill for the connection
between the Black Sea and the Mediterranean Sea. Therefore it would have
played a major part in controlling the height of the Black Sea, then a lake (Ryan,
2007).

Water connections between the Marmara Sea and Lake Sapanca in the
past 2000 years have featured in some historical documents (Gurbiz and Leroy,
2010). 1) Titus Livius (59 years BC to AD 17) described the Sakarya River as
flowing to the Marmara Sea at the beginning of the first millennium AD. 2) Caius
Plinius Secundus (AD 23-79) suggested constructing a canal from Lake
Sapanca to a small river flowing into the izmit Gulf for good transport purposes.
3) At the time of Emperor Hadrianus (AD 76-138), the great earthquake of AD
123 flooded the marshy plain between Lake Sapanca and the izmit Gulf, which
could be drained by opening a canal to the sea. 4) Evliya Celebi (AD 1611-
1692) mentioned a temporary artificial waterway between the Marmara Sea and
Lake Sapanca made a short time after AD 286. It is likely that these brief

revivals of parts of a longer waterway reflect an earlier continuous connection



(Glrblz and Leroy, 2010).

2.3 Fauna in Lake Sapanca and neighbouring lakes

In Turkey most of the fisheries are state owned. On the shores of Lake
Sapanca, the first fishery started in 1979, as part of the University of Istanbul
with a large research station where many species of fishes were kept. Private
fisheries were allowed only until the late 1990s when they became banned by
the government in order to preserve the water quality of the lake. In addition
more than 30 independent small trout farms have developed in the catchment
area of Lake Sapanca (Albay et al., 2003).

Since the investigations of Ongan (1982), a noticeable change in the fish
fauna of Lake Sapanca has been observed with a decrease of the economical
species (Esox linus, Cyprinus carpio, Scardinius erythrophthalmus and Silurus
glanis) in favour of non-economical ones (several Cyprinidae species)
(Karabatak and Okgerman, 2002). According to recent studies in the lake, some
catadromous species like Anguilla anguilla, anadromous species like Salmo
salar and some marine-based fish, like Syngnathus abaster, have seen a drastic
reduction of their population because of disruption and pollution by residential
and agricultural usage (Tarkan and Gaygusuz, unpublished data). Moreover two
new invasive species have been observed since 2000 (Carassius gibelio and
Lepomis gibbosus) (Sasi and Balik, 2003). Salmo salar (Atlantic salmon) in
Lake Sapanca research station comes from the Black Sea (Innal and Erkakan,
2006). Acipenser gueldenstaedtii (Russian sturgeon) is experimentally grown in
Lake Sapanca from eggs from Krasnodar (a Russian town where the Black and

Azov Seas meet) (Celikkale et al., 2005).



Several marine or brackish life forms survive in Lake Sapanca: a
Ctenophore jellyfish, Craspedacusta sp., the black-striped pipefish Syngnathus
abaster and some species of molluscs, Theodoxus sp. and Esperiana esperi
(Pfannenstiel, 1944; Sahin and Yildirim, 2007). The brackish mussel, Dreissena
polymorpha, is believed to have been present in Anatolian lakes for several
millions of years as a survival of the Tethys Sea (Bobat et al., 2004). Nowadays
it is present in large quantities in Lake Sapanca following a recent increase over
the last two decades. Schiitt (1988) analysed the freshwater mollusc fauna of
Lake Sapanca and showed that several species belong to the Danubian fauna.

The survival of brackish marine species is however not unique to Lake
Sapanca: for example Craspedacusta, Syngnathus abaster and Theodoxus
anatolicus are also found in other lakes (Boettger, 1957; Balik et al., 2001;
Ugurlu and Polat, 2006; Ozulug, 2008; Polat et al., 2008).

islamoglu (2008) discovered two brackish bivalves in Middle Pleistocene
terraces along Lake iznik (70 km south-west of Lake Sapanca) demonstrating

closed affinities with the Ponto-Caspian regions.

3 Material and methods

The two cores were taken from the centre of the lake. Their sediment
consists of clayey silt with rare sand layers. The Kayak core (SA03K7.1 or K7),
38.5 cm long, was dated by the radionuclide method (**'Cs and #°Pb) providing
an age of c. AD 1950 at the base of the sequence (Schwab et al., 2009). The
chronology of the Reasoner core (SAO3R6 or R6), 596 cm long, was obtained
by a series of radiocarbon dates (Leroy et al., in press). The lower part of the
core consists of a landslide. A date of c. AD 580 (top of the landslide) at 448 cm

depth indicates that the sequence formed over the last 1500 years. Both records



are frequently interrupted by earthquake-related events (Schwab et al., 2009;
Leroy et al., 2009; in press). Because of loss of sediment during coring with the
Reasoner technique, it is likely that the two sequences (Kayak core and
Reasoner core) hardly overlap.

Core K7 has been sampled at a very high resolution. Below 10.25 cm
depth, 0.25-cm-thick samples were then taken and analysed at 1-cm spacing.
Contiguous 0.25-cm-thick samples were taken between 10.25 cm and the core
top. Core R6 has been sampled at a lower resolution: every 7 cm below 448 cm
and every 25 cm above that depth.

The samples were processed using the following protocol - NasP,0-, HCI,
HF, HCI treatments, and 125 and 10 pm sieving, with no acetolysis. Slides were
made by mounting some of the residue in a glycerol medium. Palynomorphs
were routinely counted under a light microscope at a magnification of 400x and
at 1000x for special identification. Dinoflagellate cysts were identified using the
taxonomy for the Caspian Sea of Marret et al. (2004). Microphotographs were
taken at 1000x with an Olympus digital camera C3030, 3.3 megapixels.
Microfossil diagrams were plotted using the software psimpoll4.10 (Bennett,
2007). The percentages of microfossil presented here were calculated on the
sum of terrestrial pollen (Leroy et al., 2009; in press). Concentrations (number of
microfossils per ml of wet sediment) were calculated based on the addition of

Lycopodium tablets at the beginning of the palynomorph extraction.

4 Results

Fig. 3



4.1 Species list and geographical distribution

The phytoplankton of Lake Sapanca has been studied in detail in the last
two decades (Aykulu et al., 2006; Akcaalan et al., 2007). The dinoflagellate
thecae are in low numbers (< 2%) and are represented by Ceratium hirundinella
and Peridinium bipes. It is necessary to state that the theca forms of the
dinocyst species found in Lake Sapanca are not known (Leroy et al., 2006).

The dinoflagellate cysts Spiniferites cruciformis, Brigantedinium sp. and

Impagidinium caspienense were found in the cores (Fig. 3). Spiniferites
cruciformis was first described from Late Quaternary sediments of the Black Sea
(Wall et al., 1973). Subsequently it has been found in Late Quaternary
sequences from the Marmara Sea and the NE Aegean Sea (Aksu et al., 1995;
Mudie et al., 2001), in Early Pliocene sediments from the Ptolemais Basin in
northern Greece (Kloosterboer-van Hoeve et al., 2000), in Late Glacial
sediments from the freshwater Lake Kastoria in northern Greece (Kouli et al.,
2001) and since the Lateglacial in the Caspian Sea (Marret et al., 2004; Leroy,
2000; 2006; 2007). The preservation of cytoplasm in some of the S. cruciformis
specimens in the top cm of core K7 indicates the recent sedimentation of living
organisms and therefore the absence of reworking of old sediment. Most of the
S. cruciformis are specimens with rather short processes, such as in the photo
of figure 3, or even shorter. The heterotrophic taxon, Brigantedinium sp. is
abundant in many environments. Their presence is related to nutrient-rich
conditions (e.g. Marret and Zonneveld, 2003). “Baggy cysts” have been
documented from Neogene sediments of the Black Sea (Traverse, 1978). They
are also frequent in the Holocene sediment of the Caspian, Black and Marmara

Seas (Mudie et al., 2002; Leroy et al., 2006; Leroy et al., 2007; Marret et al.,



2009). I. caspienense is a new species recently described in the Caspian Sea
(Marret et al., 2004; Leroy et al., 2006). Its high number in the Caspian Sea
sediments suggest that this species is more tolerant to lower salinity than other
Impagidinium species (Marret et al., 2004). It has recently been identified in the
Black Sea sediments but in very low numbers (Marret et al., 2009).
Radiosperma corbiferum (Fig. 3), which is present in the Celtic,
Benguela, Baltic and Aral Seas, is generally considered a brackish and marine
organism (Sorrel et al., 2006; Mertens et al., 2009). Its biological affinity remains
however unknown. It is rare in the Black Sea (P. Mudie, personal
communication, 2008; Mudie et al., in press) and present in the Caspian Sea

(Leroy et al., 2007 and unpublished data).

4.2 Distribution in the two cores

In core K7, the thecae of dinoflagellates were present only above 6 cm
depth; their distribution in the core was probably limited by preservation (Fig. 4).
Brigantedinium sp. is observed mostly above 10 cm depth with one exception at
18 cm. Single occurrences of I. caspienense have been found in four samples
between 14 and 8 cm depth. S. cruciformis clearly occurs only, but continuously,
above 11 cm depth, hence above the **’Cs peak linked to Chernobyl accident of
AD 1986. R. corbiferum is present throughout the sequence forming a

subcontinuous curve, hence since c. AD 1950.

Fig. 4

In core R6, S. cruciformis, Brigantedinium sp. and I. caspienense were

recovered below 300 cm depth (Fig. 4). The latter two dinocysts showed only
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single occurrences whereas the first one displayed a subcontinuous curve. It is
worth noting the absence of R. corbiferum. The bottom of the core is dated at c.
AD 580 and the depth of 300 cm is dated shortly after c. AD 910 (Leroy et al., in

press).

5 Origin of the brackish and marine microfossils

Four mechanisms may explain the presence of these brackish and marine
microfossils in Lake Sapanca.

Firstly, palaeoconnections of the lake with the Black Sea have taken
place in the past. An old connection with the Paratethys has been suggested to
explain the presence of Paratethysian and Danubian species in lakes of NW
Anatolia. Therefore such an origin for the microfossils of Sapanca has to be
considered. Then during the Late Pleistocene and/or the earliest Holocene a
more restricted connection via the Sakarya-Sapanca-izmit corridor is possible,
although debated by the scientific community. In addition most of the historical
documents describing contacts with the Sea of Marmara (Gurbiz and Leroy,
2010) discuss periods around 2000 years ago, therefore periods slightly older
than the ages of the microfossils recorded in core R6. The Black Sea dinocysts,
abundant in the early Holocene and rare but present in the late Holocene (Mudie
et al., 2004), may have survived in Lake Sapanca. The dinoflagellates have a
well-known capacity of survival during periods of unfavourable conditions (e. g.
low nutrients) by encystment in the sediment for periods that may reach several
decades (Anderson et al., 1987). This characteristic may have helped them to
maintain a population through the changing environmental conditions that the

lake has undergone since the last full connection with the Black Sea.

11



Secondly, it is well known that the Romans commonly operated fish
translocation, for example with wild carps (Cyprinus carpio) from the River
Danube to Italy and Greece (Balon, 1995) and that aquaculture allows
transferring water with their micro-organisms to other water bodies alongside
fishes. Although it is not established if this precisely occurred in Lake Sapanca,
the town of Sapanca was quite developed in Roman Bithynia because situated
on a major road between the Bosphorus and the eastern provinces. Fish
translocations remain common practice in modern Turkey (Innal and Erkakan,
2006).

Thirdly, waterbird transport of pollen, phytoplankton and other small
organisms over hundreds of km is a mechanism frequently cited for the
colonisation of isolated water bodies (Atkinson, 1980; Kristiansen, 1996;
Santamaria and Klaassen, 2002; McAndrews and Turton, 2006). It takes place
with sediment stuck on their bodies (plumage, bill or legs) or in their digestive
track (Atkinson, 1980). The mechanism of avian dispersion may have played a
significant role in the case of Lake Sapanca, especially with the Black and the
Marmara Seas at short flight distance.

Fourthly, catadromous and anadromous fishes would transport micro-
organisms to the lake by their seasonal contacts with the sea. This mechanism
would have started at the time when Lake Sapanca became freshwater.

Knowing that the microfossils found in the palynological record are not
the only organisms from brackish and marine environment found in Lake
Sapanca and that other lakes have also brackish and marine forms living in
them, the best hypotheses are therefore the following: survival from the

Paratethys supplemented by fish introduction.
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In either case, 1) a range of micro-organisms must have been introduced
by one of these mechanisms but only few species survived; and 2) those that

survived appear to have been able to tolerate freshwater.

6 Conclusions

The unexpected presence of brackish and marine microfossils has been
observed in the sedimentary records of Lake Sapanca, a freshwater body in NW
Turkey. Two periods especially favourable for their development were recorded:
the last 30 years and the period from at least 1500 years ago to c. 1100 years
ago.

The marine and brackish microfossils are suggested be the remaining signs
of an ancient palaeo-connection between the Black and the Marmara Seas. Fish
translocation over the last 2000 years may have in addition brought a range of
micro-organisms directly from the Black and the Caspian Seas.

Finding these brackish and marine microfossils in Lake Sapanca, a
freshwater lake, indicate their wide tolerance to very low salinities, for some (for

example R. corbiferum), wider than so far acknowledged.
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Table

Table 1. Mean physical, chemical and biological characters from several

stations in Lake Sapanca between May 2004 and September 2005. TSS = total

suspended solids. SRP = soluble reactive phosphorus. TP = total phosphorus.

Algal density measured by Akcaalan et al. (2007) and Albay (unpublished data).

Parametres unit mean (max. — min.)
Temperature °C 17.6 (7.2 - 28.1)
Conductivity uScm 212 160 — 266)
pH 7.9 (7.9-8.7)
TSS mgL™ 3.72 (0.76 — 7.02)
SRP pgL™ 4.84 (3.8-19.2)
TP pgL™ 13.6 (4.2 — 44.6)
NO,+NO3 pgL™ 32.4 (6.4 —88.2)
SiO, ugL™ 2434 (1642 — 2814)
Algal density (Ind. mL™?) 562 (288 — 1124)
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Captions

Fig. 1: Location of Lake Sapanca in NW Turkey. LS = Lake Sapanca, Gl = Gulf
of Izmit. The grey strip between the Black Sea and the Gulf of Izmit shows the
location of Sakarya Strait. Made with the help of Online Map Creation

(www.aquarius.geomar.de, accessed July 2009).

Fig. 2: Location of the coring stations in Lake Sapanca. Catchment modified
from Tanik et al. (1998). Image from Landsat N-35-40-2000,

https://zulu.ssc.nasa.gov.

Fig. 3: Photographs of brackish and marine microfossils from Lake Sapanca.
Horizontal bar is 20 pm.

1. Impagidinium caspienense, core SA03K7.1, 7.75-8.0 cm

2-3. Dinoflagellate theca, core SA03K7.1, 3.75-4.00 cm

4. Dinoflagellate theca, core SA03K7.1, 3.50-3.75 cm

5-6. Impagidinium caspienense, core SA03K7.1, 10.00-10.25 cm

7. Radiosperma corbiferum, core SA03K7.1, 2.50-2.75 cm

8. Brigantedinium sp., core SA03K7.1, 3.75-4.00 cm

9. Spiniferites cruciformis with cytoplasm, core SA03K7.1, 9.00-9.25 cm
10. Radiosperma corbiferum, core SA03K7.1, 4.50-4.75 cm

11. Brigantedinium sp. with cytoplasm, core SA03K7.1, 3.75-4.00 cm
12. Brigantedinium sp., core SA03K7.1, 10.00-10.25 cm

13. Spiniferites cruciformis, core SAO3R6, section 7 at 2 cm

14. Radiosperma corbiferum, core SA03K7.1, 3.00-3.25 cm
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Fig. 4

a: For core SA03K7.1 and core SAO03R6, from left to right: first dating; second
lithological logs with mass-movement events highlighted in grey (T= turbidite, R
= reworked horizon) and main lithozones (I to Ill); third pollen zones (K for
Kayak core, and Rr for Reasoner core) with mass-movements in grey, see
Schwab et al. (2009) and Leroy et al. (in press) for further details; fourth:
microfossil percentage records from Lake Sapanca with a 10 times exaggeration
curve.

b: Concentration diagrams.
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