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ABSTRACT

SALINITY INFERENCE IN INLAND TURKISH SHALLOW LAKES BASED ON
PALEOECOLOGY USING SUB-FOSSIL CLADOCERA

¢akérojlu, Ayke Kdil
Ph.D., Department of Biological Sciences
Supervisor: Prof. Dr. Meryem Bekliojl
Co-Supervisor: Prof. Dr. Erik Jeppesen
January 2013, Mpages

In the current study, sulossil Cladocera collected from the surface sediment of 44 shallow
lakes spanning over five latitudes from north to south of Turkey using-srpmethodology
reveakd strong impact of salinity on cladoceran community structure. To see the whole picture,
sediment cores collected from six of the lakes and-teng monitoring data from two of the lakes
were also investigated.

Contemporary cladocerans and $absil asemblages were compared to reveal that their
responses to salinity changes were highly similar. This lead us to udessilbcladocerans and
salinity data from water column together while generating the calibration data set using ordination
techniques. Siity transfer function models were developed utilising weighted averaging techniques.
The developed salinity transfer function was applied to cladocera assemblages from dated sediment
cores. Hindcasting of the salinity inference model was performed usorgtoring data and the
reconstructed salinities from two central Anatolian lakes and reflected good linear correlation with the
known lake salinity history.

This thesis has confirmed that sfdssil Cladocera is a valuable indicator of historical
salinity change and marker for the monitoring of lakes. For the first time, the lake environmental
variables and sufossil cladoceran species composition from the surface sediments of Turkish
shallow lakes were studied and a salinity transfer function was gexklko elucidate past salinity
change. The approach of the current study has been proven to be reliable while interpreting past
salinity conditions. Since monitoring programmes are scarce in Turkey, paleolimnological analyses
would be beneficial especiallyhen defining effective restoration strategies.

Keywords: Paleolimnology, Calibration set, Transfer function, Surface sediment, Sediment core.



¥z

T! RKKYE K¢ SIJ G¥LLERKNDE PALEOEKOLGIXSKLEMEL ALI NAR;
CLADOSER KULLANILARAK TUZLULUK TAHMKNK
takérojlu, Ayke Kdil
Doktor a Biyol oj i Bel ¢ mg¢

Danékman: Prof. Dr . Meryem Bekliojlu Yerl |

y
EdDanékman: Prof. Dr. Eri k Jeppesen
Ocak 2013, 19sayfa

Butezde T¢rkiyednin beck farkl e enl emi nden kuzeyd

Cladocera °rnekl er ilzaman yerine mekano y°ntemiyl
kommegni t esi szerinde g¢é¢-1 ¢ bir et kiye sahip ol duju
-al ékmal arda wuygulanabilirlifiji alté g°lden aleénan ké
veril eri kull anéel arak karkél akteéerel mékter.

G¢ncel Cladocera ile -°kelden el de edilen alt fos
iki grupta da aya et ki ye sahip olduju ortaya -ékméxkter. Bu s
tuzlul uk verilerinin bir arada kull anél ar ak ordina
olukturul abilecejini glstermi ktir AF &@éml étkrlaénsdretral ar
fonksiyonu hazérlanarakaltée g°l den al énan késa karot
tahmini yapél mexktéer .

Ge- mi Ke y°nel ik tuzlul uk -ékarém modelinin doj r
g°l ¢nden el de edemenveaerziunsattinekuli | azél de. Buna g°r e,
edilen ge-mikten g¢negmegze dej‘iKen tuzluluk ile uzun
anlamlé bir ilikki olduju bulunmuktur.

Bu tez alt fosil Cladocarbhéhénl gemmskntdazival ukudefP reE
i -in °neml:i bir dejikken oldujunu ortaya koymuktur.

edilen alt fosil Cladocera kullanélarak ge-mik tuzl ul
éspatkl ébnme transfer fonksiyonu hazérl anmékter. Ter ki
yeterli ol mamaséndan dol ay e pal eol i mnol oj ik y°nt eml
kull anél abil ecek ©°neml:. bir ara-ter.

Anahtar Kelimeler: Paleolimnoloji, Kalibasyon seti, Transfer fonksiyonu, Yg¢
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CHAPTER 1

INTRODUCTION

Paleolimnology is the interpretation of past limnology from changes that occurred in the
ecosystem of the lake, and their probable causes. It is interested in knowing how thedtikedd
how it produced organic matter and processed it or organic matter produced elsewhere; how the
ecosystem of the lake responded to external changes in climate, hydrology, fires, floods, volcanism,
tectonic events, etc.; how the functioning of thkeldbecame more sophisticated over time as the
different groups of organisms evolved and differentiated (Frey, 1988). Paleolimnology is a captivating
field of study, in part because so much can be interpreted from the so little that is preserved (Frey,
1988. Early paleolimnological studies, started about 1920, were descriptive; although, remarkable
advancements have been made over the following decades and still expanding (Birks, 1998).

Palaeolimnological studies can present long time series data forimgseast values and
natural diversity from annual, decadal to millennia. Chemical, physical, and biological parameters of
lake sediment can supply a substantial amount of information on past lake ecosystems (Birks and
Birks, 1980; Smol, 1990; Smol et xal.,9 9 1 , 1994) . The | ake sedi mentsé
data on the currents and abiotic factors other than currents. The sediment chemistry provides
information of the sources of sediment, past climate changes, and past lake conditions (Frey, 1964).
The biological remains such as, algal, plant or animal can be derived from the sediment, and their
gquantitative analyses elucidate the biota and biological community change through time. Thus,
valuable new knowledge of the whole limnological relationshgs be obtained, and paleolimnology
has the potential to solve limnological and environmental questions and to test hypotheses considering
the affect of climate changes in lake ecosystems (Birks, 1998).

Paleolimnology from the zoological point of view bagas an offshoot of palynology and
investigations of lake sediments by geographers. The classic works of von Post (1862) and Lundquist
(1924, 1927) on lake sediment types and sediment succession sowed the seed of a new era in
limnology. Messiatsev (1924) as perhaps the first to engage in any extensive work on the
identification of animal remains in lake sediments, but this was only qualitative in nature. Later, Gams
(1927) first used animal remains as typological indicators in lake sediment successioim. X927,
Rossolimo published his atlas of animal remains in sediments, which contains much valuable
information concerning several lakes near Moscow and includes sketches of the species found. Since
then various articles have been published on almodtesthwater groups that leave remains in lake
sediments. A summary of the animal remains in lake sediments has been given by Frey (1964).

Previous work on supssil Cladocera started in 1942 with the investigation of Cladocera in
addition to other groups Linsley Pond, Connecticut in North America by Deevey. Many of the
European Cladocera have been described as microfossils by Frey (1958, 1959, 1962a, 1962b), these
works being of major importance in the identification of remains from lake sedimentsaxtm®mic
guidelines that were set by these pioneer studies are still valid and for many species still present the
best drawings of the remains. Frey (1958, 1961, 1962a) interpreted past population density changes
and climatic conditions during the Laggacial and Aemian Interglacial. Also, Frey (1962a) presented
evidence that the ecology of the Chydoridae family had been unchanged at least for the last 100000
years. This study demonstrated that the close correlation between the fossil and living asseofibla
chydorids.

During the 196@1980s the use of cladoceran remains in paleolimnological research increased
rapidly. De Costa (1964) investigated the latitudinal distribution of Cladoceran remains in the
Mississippi Valley by analysing the surface seditseof lakes and calculating the abundance and
percentage composition of the subfossil Cladocera. He concluded that the most abundant species may
be placed in groups with northern, southern, or eurytopic affinities. With such data it was possible to
infer paleotemperatures from past cladoceran distributions (Harmsworth, 1968). Megard (1967) used
cosmopolitan, northern and southern species to interpret climate changes from 22500 years to present
in Lake Zeribar, Iran.

Till 1970 very little effort had been rda to examine the regional relations between Cladoceran
species and lake types and also no attempts had been made to apply results of a regional study to
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paleolimnological interpretations of lake sediments from the same region. The study of Whiteside
(1970 explored some of the ecological relationships found between cladoceran species and lake types
in order to interpret sediment cores from two Danish lakes. First Whiteside (1970) dealed with
cladocera populations from surface sediment of 80 Danish lakegetolake trophic states such as
highly oligotrophic or ultraeutrophic then he choosed two lake with different ontogeny in order to
apply the results from surface sediment studies. This study was followed by Frey (1976), Bradbury
(1981), Hofmann (1983Binford (1986), Hofmann (1986), Hofmann (1987)Simola and Tolonen

(1987), Simola et al. (1989), and Hofmann (1989) with the analyses ofJiatternary environmental
histories of lakes from Canada, Venezuela, Finland and Germany.

These studies linkedadocerans to environmental variables such as temperature (climate), pH
(acidification), and nutrients (eutrophication), initializing the use of cladocerans as indicators of the
past. Instead of the ecological indicator value of individual cladoceraiespéterpretations should
be based on the overall structure and composition of the community assemblage. The development of
transfer functions in the 1990s resolved this prob(Rawutio, 2007)Transfer functions quantitatively
reconstruct past environmil conditions in lakes. They are generated from a set of surface sediment
samples (D1cm depth) usually collected from more than 20 lakes representing a large gradient of
environmental conditions. Statistical correlations of the-fegbil remains to enronmental
parameters that quantitatively identify the community response to changes in a certain environmental
variable are obtained using multivariate analysis technidtresa the study of Binford (1986), during
the last two decades, transfer functiggp@ach has developed. Binford (1986) took to first step for
calibrating lakewater pH with chydorid species using multiple regression models. Since then past
changes in physical conditions (e.g. temperature: Lotter et al., 1997), chemical conditiotetdle.g.
phosphorus: Brodersen et al.,, 1998; salinity: Bos et al.,, 1999) and biological parameters (e.g.
planktivorous fish abundance: Jeppesen et al., 1996) have being determined.

Before Jeppesen et al (1996) no one has employed the surface sedimertocatichnique
to reconstruct lake trophic structuféish have been shown to have a key-dogn effect on food
webs structure and lake water quality, and thus affect zooplankton communities in many ways
(Jeppesen et al., 20018hus, it is possible nainly to reconstruct past fish abundance changes but
also fish community composition changes. Jeppesen et al. (1996) used a waighsggng transfer
function to relate the relative proportion of five pelagic zooplankton taxa preserved in surface
sedimens to present day planktivorous fish abundanegpiessed as mean catch per unit effort
(CPUE) in multiple mesh size gill nets) in shallow freshwater Danish lakes. This inference model has
now been used to reconstruct the changes in planktivorous fish aimenih lake Skanderborg,
Denmark, for last two centuries (Jeppesen et al., 2001b). After Jeppesen et al. (1996), reconstruction
of past lake trophic structure calibration set researches continued with the studies of Amsinck et al.
(2003, 2005a) in brackislakes; Jeppesen et al (2003)LBb lakes covering a latitude gradient from
Greenland in the north to New Zealand in the south and Davidson et al (2007) in 39 shallow lakes in
U.K. and Denmark. Established transfer functions from these studies wereouséat past trophic
structure in the studies of Amsinck et al. (2005b) in brackish lakes and Johansson et al. (2005) in
Dallund Lake, Denmark.

Many cladocerans show a unimodal response over a gradient of salinity because they have
poor ability to osmorgulate (Frey, 1993). A preliminary study of the zooplankton from lakes in
British Columbia agree with Freyods (1993) concl usi on
greatly with salinity, as well as with brine composition (Bos et al., 1996). Thg stuBos et al.

(1999) recovered cladoceran and anostracan remains from the surficial sediments of 33 lakes in the
Interior Plateau of British Columbia. They used cladoceran and anostracan remains to develop
paleoecological inference models of invertebratponse to lakewater salinity and depth. This study
provided information on the optima and tolerance of individual cladoceran species to lake water
salinity and showed the potential that these organisms have for paleoenvironmental and paleoclimatic
reseach.

Lotter et al. (2007) studiediatom, chrysophyte cyst, benthic Cladocera, planktonic Cladocera,
and Chironomid communities from the surface sediments of 68 lakes along an altitudinal gradient
from 300 to 2350 m in Switzerland. Moreover, environmensalables such as geography, physical
water parameters, catchment characteristics, water chemistry, and climate were measured. This study
aimed to measure the power of using many aquatic organisms, such as Cladocera, diatoms,
chrysophytes, and Chironomids, quantitative reconstructions between L@&acial and Holocene
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times in Central Europe. They presented surface sedimentary cladoceran assemblages creating the first
modern quantitative cladoceran calibration set and as a result they showed that r@tesdbese
potential to be used as quantitative indicators.

Brodersen et al. (1998) have-dene the study of Whiteside (1970). Assuming total
phosphorus (TP) to be a good indicator of trophic state in Danish lakes, they used the indirect
cladoceran respoasto increased nutrient richness as a proxy by inferring TP from subfossil
assemblages. They provided the opportunity tevauate the lake trophic state after 27 years with a
complete replication of methods and subfossil identification done by the parsen. Modern
ordination techniques such as, Aoetric multidimensional scaling made it possible to describe the
degree of changes in species compositions between 1965 and 1992. Canonical Correspondance
Analysis (CCA) found a strong relationship betwées 1992 species data and lake TP concentrations
which allowed them to reconstruct a model to infer TP by weighted average (WA) regression and
calibration techniques. The WA model was used to infer TP levels for the 1965 data set, and the
results suggested h a t sewvweatadr oicll ®kaes have declined, and a
quality since 1965. This study had confirmed thatfdsil cladocerans were used as a valuable tool
for trophic state constr uc ttieornnsaitoamgodf lakes.rTeey mar k er
showed that the application of surfesediment assemblages in monitoring filled the gap in the time
frame between traditional monitoring and palaeoecological core studies, i.e., years and decades. These
comparative analyses areede.g. Jankowski and Straile, 2003; Davidson et al., 2005; Bunting et al.,
2007; Manca et al., 2007) but necessary since as they allow tests of the reliability of using sediment
records as indicators of past human impacts and climate changes (Battalhez066).

In Canada, Bos et al. (1999) studied cladoceran and anostracan remains recovered from the
surficial sediments of 33 lakes to develop paleoecological inference models of invertebrate response
to lakewater salinity and depth. Their models fofdrring lake depth had shown that the ratio of
planktonic/littoral microcrustaceans was a reasonable proxy for depth, and certainly useful if other
measures were not available. Moreover, weiglateetaging models of salinity and depth showed
greater preditive abilities and were more easily interpretable. In addition, Sasfik@janen and
Alhonen (1999), and Sarmal¢orjonen (2001) discussed Holocene fluctuations of lake levels
indicated by the ratio of planktonic/littoral Cladocera. Quantitative -lakd and subfossil
Cladoceran research has been done by Sweetman and Smol (2006) in 51 freshwater sites in Alaska,
USA and by Amsinck et al. (2006) in 29 Faroese i
level constructions first started by Korhagal. (2000) in 53 lakes in Finnish Lapland. Korhola et al.
(2000) developed modern cladocériake depth transfer model and applied it to subfossil cladocerans
analysed from three small and shallow (<6 m) kditke lakes in nortwestern Finnish Laphd to
provide estimates of the amplitudes of letiegm lakelevel changes in the region.

From t he beginning of t he 20006s mul tiprox
importance. Mutiproxy studies use more than one of biological parameters withgblayslocchemical
variables.The Krakenes Project (Birks et al., 2000) was an example of how a variety of proxies could
be used together to reconstruct the lake ecosystem, including the catchment, and climate changes over
the lateglacial and early Holocenélther than Cladocera, Chironomids, diatoms, pollens, plant
macrofossils, Oribatid mites, and Trichoptera had all been extracted from the same master sediment
core and studied as a proxy to reconstruct paleoenvironmeig. multidisciplinary study, with
proxies for changes in the lake and in the catchment, highlighted the dependence of lake biota and
processes not only on regional climatic changes but also on changes in the lake catchment and on
internal processes within the lake. In the same projectpctaen microfossil remains were analysed
from a sediment core taken from a lake basin at Krakenes, western Norway (Duigan and Birks, 2000).
The sequence included immediate pgpdt a c i a | conditions (ca. 12,300 1
Dryas, and early blocene to approximately 8,500 14C BP. The interpretation of changes in the
cladoceran assemblages was based on the known ecology of the taxa, the documented environmental
history of the study sequence, the variations in the organic content of the sediaeaatiocarbon
dates, and the results of analyses of other biotic groups, including diatoms, macrophytes, and
chironomids. In addition, a quantitative reconstruction of changes in air temperature was presented for
the study period based on transfer fiomes developed from a separate Swiss surfmcBment
cladoceran data set. They indicated that cladocera could provide reliable data for quantitative climate
change studies if more extensive and more relevant calibratiorselatavere obtained. Similar
studies were conducted by Hofmann, (2000, 2001), Lotter et al. (2000) in Switzerland; Batterbee et al.
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(2002) in seven European lakes; Catalan et al. (2002) in Spain; Koinig et al. (2002) in Austria; Kultti
et al. (2003) in Eastern Russia.

Multiproxy paleolmnological studies continued with the EU funded project Mountain Lake
Research (MOLAR)Http://www.mountaidakes.org/molaj/ In this project several new independent
proxy sources, such as chrysophycegsts, chironomids, cladocerans, plant pigments, and various
sediment quality indices along with a more detailed diatom analysis are used to examine the
environmental history of the lakes and the extent of the ecosystem change sinceiticeisrial
period (Lotter et al., 2002; Brancelj et al., 2002; Korhola et al., 2002). Other than the MOLAR project
Hakala et al., 2004 studied a sediment core from Lake VAhkusta, Finland using mulfiroxy
biostratigraphical methods (pollen, diatoms, Cladocerajn griae and los®n-ignition analyse and
radiocarbon dating. In addition, Bigler et al. (2006) analysed surface sediments from 30 mountain
lakes in soutleastern Switzerland (Engadine, Grisons) for subfossil diatom, chironomid, and
cladoceran assemblag&3rdination techniques were used to identify relevant physical and chemical
environmental parameters that best explain the distribution of these biota in the studied lakes.

Past two decades, either single variable or smuliky paleolimnological researchéave
been occupied with developing transfer functions to reconstruct a single environmental variable.
Today, paleolimnology plays a pivotal role in paleoclimatic and global change investigations, in many
fields of environmental science, and hydrocarbod mnneral resource exploration and exploitation
(Last and Smol, 2001). Lake sediments are valuable archives of environmental changes, because lakes
are geographically widespread and their sediments are often continuous and datable (Wolfe et al.,
2004; Brimer, 2006). Gaining insight into the development of lakes, their past conditions and future
trends are important to assess the adaptation of environments to global processes such as global
warming (Punning et al., 2003).

Paleolimnological methodology inae several samplings and analyses. First retrieving the
sediment core. Second, sectioning the core, either at the field or in a laboratory, into subsections for a
variety of analyses including dating, chemical, and biological analyses.

1.1. Coring

The frst and the important step is the collection of the sediment core. It needs great care
since this step is the base of the paleolimnological studies. An undisturbed core collection is very
important because sediment core represents the depositional emfitorThere are three kind of
sediment corers, gravity corer, freeze corer, and piston corer (Glew et al., 2001).

Gravity corers, use the gravity force to penetrate into the sediments. The corer is slowly soped in to

the water column, and the weightofthe@ r er push the tube into the sedi ment
to overshoot and completely bury the corer and core tube in the sediment, as the sediteent

interface represents the presdaly conditions and is an important reference point for thedcore

(Douglas, 2007). When the corer settled into the sediment, a messenger is sent down the core line to

trigger the plunger. The plunger closes the top of the core tube thus, the corer and the sediment in the

core tube can be pulled up to the lake surf&igufe 1.1). Before removing the corer to the surface of

the water, a bung must be inserted at the base of the core tube to plug it. As a result, an undamaged
sedimeritwater interface and the sediment below can be collected. Gravity cores are mostlyrused f

studies focusing on the recent (~150 years) past (Smol, 2008).


http://www.mountain-lakes.org/molar/

Figure 1.1. (A) A gravity corer with openning is lowering down through the water column into the
lake sediment. (B). A weighted messenger is dropped doweotirg line in order to seal the top of

the core (B and C). (D) The sealed gravity core holds the lake sediment within the sampling tube by
creating a suction until the core is retrieved to the lake surface (modified from Douglas, 2007).

Freeze coringis specialized and more complicated than gravity coring. In this case, sediment is
brought to the surface after having been froesitu (Douglas, 2007). The corer consists of a box

that has been sealed at one end. This end is either wedge shapedarawhihas been weighted,

often with lead. The corer is then filled with dry ice and ethanol and lowered gently into the sediment
where it remains for roughly five to seven minutes, while the sediment freezes on the outside of the
corer (Figure 1.2). Uporetrieval on the surface, the corer and frozen sediment are separated and the
frozen sediment is transported and stored in a freezer, prior to analyses. This kind of coring does not
recover large amounts of sediment, but it is especially useful in lakeeevthe sediment is very
loosely consolidated yet finely structured. Depending on the nature of the sediment and length of the
coring apparatus, it is possible to retrieve sediment cores up to 2 m or more in length (Smol, 2008). A
major advantage of thisorer is that the sediment profile is frozensitu so the integrity of the
stratigraphy is retained (Smol, 2008).



Figure 1.2. Lowering down to a freeze corer into the sedimentgA Removing the frozen sediment
(C) (modfied from Douglas, 2007).

Piston corer is choosen to collect longer sediment cores. The coring equipment includes a tube,

connecting to the handle at the top with rods. A piston is inside the tube, and the piston is connected to

the top by a wire cabl&Vhile holding the piston positioned at the bottom of the core tube, the corer is

pushed into the sediment with the help of the rods, until the whole sediment sequence collected. Then

the piston is fixed by grasping its wired cable in place. Afterwatds,corer is pushed one meter

down. As a result the core tube filled with sediment stratigraphy and the tube is brought up to the

surface by pulling the rods one by one (Figure 1.3). In order to reach the deeper interval, another core

tube is used and thelwo |l e procedure i s repeated. According to
researcher will work downwards through the lake sediment, sequentially recovering one meter of core

at a time until an impenetrable layer is met. In order to ensure that a continuimosngesstquence is

obtained, and no depths remain unsampled, the researcher must overlap the core intervals so that there

are a few centimetres of overlap between the bottom of one core section and the top of the next lower

interval. Because of problems Witigidity and strength of the rods, casing is often used to guide and
constrain them and the attached corer back to the san
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Figure 1.3. The general operation of Livinstoitgpe piston corer, showing the loweri(4),

sampling (B), and withdrawal (C) of a sediment core sample. The operator uses the push rodes to push
the corer into the sediment to the known depth. A cable, keeps the piston in place. 1, Core tube, 2.
Piston, 3. Push rods, 4. Piston cable, 5. Lagkinve head. Modified from Glew et al., 2001.

Several modifications have been proposed for the original corer designs in order to address
some of coring problems (Smol, 2008). Most of the changes aim to increase the operating capacity of
the corer (Gdw et al., 2001). For instance, a corer designed for shallow lake sampling can be modified
to use in deep lakes with an automated closing mechanisms.

The addition of some weight on top of the corer to increase penetration of the tube is one of
the most coomon modifications for gravity and piston corers (Glew et al., 2001). In this type of
coring, the corer is lowered into the sediment where it penetrates by its own weight. At this point the
driving weight can be lifted from the top of the corer and thérased to drive the core tube into the
sediment (Glew et al., 2001). Moreover, in deep water or in situations where control of the coring
device may be difficult, one method of providing the device with artificial stabilization is to use a
parachute at theower end of the recovery line (Cushing et al., 1997). This provides the descending
sampling device with a controlled rate of fall through the water column and a degree of vertical
stability as it enters the sediment. Another example can be chaypeemmplers (e.g. Russian peat
corers). These types of corers were developed as an alternative to vertically driven corers. In these
corers, the sample is cut and enclosed in a rotating chamber dayladfrical form (Glew et al.,

2001). Vibra corers, whichise a vibrating device to impart hiffiequency, low amplitude standing
waves along the length of a coring tube, are especially useful in collecting sediment sequences in
metrial that may be difficult to penetrate using standard push rods, such as paitaising sand

(Smol, 2008).



1. 2. Subsectioning

After collecting the core, sediment is removed from the tube andexttibned into intervals
thus the sediment can be used for different succeeding analyses. There is little chance of transporting
the core to the laboratory without some significant disturbance since high water content cores are
recovered (Glew et al., 2001). For this reason, these cores can-becsioned in the field as soon as
after retrieval of t bpen tle matuee.of the Bddiment] theckindsaf cone, as s bas ed
we l | as the |l ocation of the coring sited (Douglas, 2¢
freezer and to the laboratory, until further analyses. Gravity cores can {sectidned at théeld,
especially if the sediment condition is wobbly and unconsolidated and if there is a probability of the
sediments getting mixed during the transportation to the laboratory. Piston cores are usually trasferred
to the laboratory in 1 m segments whehey are divide lengthwise. One half is kept for the archives
and the other half is sedectioned for analyses (Douglas, 2007). -Settioning processes for long
cores in the field is considered important, because it provides an important confirmatioa of t
performance of the corer and a chance for look at the core for some initial logging (Glew et al., 2001).

1.3. Core Chronology

The agédepth relationship can be used in palelimnological reconstructions when a sediment
core represents an unmixed stregjghic column of sediments. The Law of Superposition, pointed out
the younger sediments will overlie older sediments. This law is the foundation of age dating. In most
cases, an absolute chronology is advantageous because specific dates can be copasttedetus
(Douglas, 2007). In paleolimnology there is a number of dating techniques to help determine depth
with respect to time. Each dating technique is suitable for a definite age range and sediment type. The
most commonly used dating techniques measthe decay of naturally occurring radioisotopes
(Douglas, 2007). For dating recent sediments (past 150 y&dr$),and**'Cs radioactive isotopes are
commonly used (Appleby, 2001). With a half life of 22.3 ye&®b is ideal for establishing depth
time scales over the past century (Smol, 2008). The @%b activity in sediments has two
components: supportéPb, which is derived from the situdecay of the parent radionuclié@Ra;
and unsupported®b, which is derived from the atmospleerflux (Appleby, 2001). The
methodology based on the assumptions that (i) the rate of deposition of unsuppPhieiom the
atmosphere has been and is constant; (ii) %ffeb in water is quickly absorbed by suspended
particulate matter so that unsupgear®°Pb activity in sediments is essentially due to atmospheric
fallout; (iii) post depositional processes are not redistributtfRp activity in the sediments and (iv)

2% decays exponentially with time, in accordance with the law of radioactiag @¢dsnaswami

et al., 1971). In practice things are little more complicated: the supply of unsupfp@®tedo the lake

may include a small but significant fraction0fPb deposited on the catchment and then transported

to the lake (Smol, 2008). Howex, two simple models used to calculate sediment dates constant

rate of>*Pb supply (CRS) and the constant initial concentration (CIG)’®b (Appleby, 2001). The

CRS model has been the most successful and is most frequently used, but undecareditaons for

example, where primary sedimentation rates have been constant and the core has been impacted by
episodic slump events, the CIC model is more appropriate (Appleby, 2001).

In paleolimnology other than naturally occurrififPb, isotopes thatre not natural, but have
been manufactured by nuclear industry can also be used (Smol, 2008). These can be used to pinpoint
certain time periods in sedimentary sequences. The most commonly used isdtpe vehich was
released for the first time in 48 with the dawning of nuclear age (Smol, 2008)Cs was also
released in the 1986 Chernobyl nuclear power plant accident.

Z%p activity in lake sediments is usually determined either by alpha spectrometry, or by
gamma spectrometry (Appleby, 2001).nhost cases the choice will be governed by what is available.
Until recently, alpha spectrometry was the most widely used method, though increasing numbers of
laboratories are now equipped with gamma spectrometers. Alpha spectrometry is more sensitive and
most suitable for small samples of very low activity (Appleby, 2001).



1.4. Proxy Analyses

Various proxies can be retrieved from the sediment and analyzed to infer past environmental
conditions. These proxies can be biological, physical, or chemicale Tab shows some important
proxies for each group.

Examinating the chemical and physical properties of sediment reveals a vast amount of data
for inferring past environmental conditions like paleoclimate. Several biological proxies such as algal
pigments algae, plant macrofossils, zooplankton, and invertebrates have been used in paleolimnology.
Some of these biological variables are authoctonous which live within the lake (algae, aquatic plants,
invertebrates, zooplankton) and they are useful for reearisig water chemistry throughout the core
from past to present. Some of them are allochthonous which transported into the lake from the
surrounding of the lake by means of wind and water movements and these biological proxies such as
pollen can help todientify vegetation changes of the surroundings of the lakes and also estimate past
temperature changes (Douglas, 2007).

The animal and plant remains in lake sediments are various such as, Cladocera,
Chironomidae, Ostracoda and constitute important patieofunctional groups in lakes (Frey, 1964;
Smol, 1992). Sometimes the whole body part of the animal is preserved, but usually only some body
parts of the whole animal can only be analysed, for example Chironomid head capsules (Frey, 1964;
Warwick, 1980; Hfmann, 1988),Chaoborusmandibles (Johnson et al. 1990; Uutala, 1990) or
cladoceran carapace and head shields (Frey, 1986; Whiteside and Swindoll, 1988). In this thesis only
Cladocera was used as biological proxy.

Table 1.1.Physical, geochemical and higical variables in paleolimnology (from Douglas, 2007).

Group Application

Physical

Grain Size Sediment supply, sedimentation, and turbulance
Lossortignition Inorganic and organic composition of sediment matrix
Mmeralc_)gy and elemental Sediment supply, water chemistry

composition

Magnetic properties Sedimentation, dating, erosion

Fluid inclusions Aquatic paleoclimate and paleochemisitry

Fly ash and charcoal Industrialization, fires

Geochemical

Organic matter Paleoproductivity

C:N Paleopoductivity

Stable isotopes

®0/*0?H/H, , -

13C2C, 1N, Paleoclimate, paleoproductivity, paleotemperature
Biological

Algae

Diatoms Aquatic chemistry and microhabitats
Chrysophytes, scales and cys Aquatic chemistry and microhabitats

Degnids Aquatic chemistry and microhabitats

Pigments Aquatic chemistry and algae classes

Insects

Coleoptera Aquatic chemistry and microhabitats
Chironomids Aguatic chemistry and microhabitats
Zooplankton

Crustaceans

Ostracods Aquatic chemistry ad microhabitats

Cladocera Aquatic chemistry and microhabitats

Copepods Aquatic chemistry and microhabitats

Sponges Agquatic chemistry and microhabitats

Pollen Terrestrial vegetation, aquatic macrophytes
Phytoliths Terrestrial catchment vegetation, esjally grasses
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1.5. Cladocera

Cladocerans are small (3000 em) <crustaceans, part of the <cl a:
abundant animal remains in freshwater sediments are the various skeletal fragments of cladoceran
which may be one of the dominant gooments of the sediments (Frey, 1986). Skeletal fragments are
composed of chitin and they are chemically inert (Korhola and Rautio, 2001). Thus not all chitinous
body parts are equally resistant to biological degradation. Some certain crystalline patynhers
chitin are more hydrated and as a result they preserved better in the sediment (Korhola and Rautio,
2001). Among the species, there are great differences in the number of body parts that are preserved in
sediment. Hard and chitinized shelled forniscladocerans, such as chydorids, are well preserved,
whereas sofshelled chitinous taxa are not as well preserved (Figure 1.4).

Figurel4Exampl es of different cladoceran fagmains from Tu
Eurycercus posabdomen, (b) Graptoleberis carapace, (c) llyocryptus ephippia, (d) Leptodora caudal
cerca, (e) Leydigia acanthocercoides head shield, and (f) Simocephalus ephippia. Photographs have
been taken by A. Kdi l ¢ Biddogyr Dept, METU, Ankanmn ol ogy Laboratory

The Cladocerans can be grouped basically into two, pelagic associated species such as,
Bosmina Daphnia andCeriodaphniaand littoral associated species such as Chydorids (Whiteside
and Swindoll, 1988). Then, they also daa grouped according to their primarily association with
macrophytes and with sediments (Frey, 1986). The pelagic species are generafgefiées and
feed on phytoplankton, detritus and bacteria but there are also predator species exist, such as
Lepibdora and BythotrephegKorhola and Rautio, 2001)he littoral species are mostly scrapers
and they feed mainly on algae and detritus at the sediwegst interface (Figure 1.5) (Korhola and
Rautio, 2001).
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Figure 1.5.Habitats of Cladocerans @ified from Hann, 1980).

Cladocerans are a group of arthropods, and they grow by moluting by shedding their
exoskeleton. Their skeletal body parts are then rapidly disarticulated into components such as, head
shields, carapace, pesbdomen, postbdoninal claws and mandibles via biological activity. These
body parts not the whole animal body can preserve in to the sediment.

The Chydoridae and Bosminidae families are well preserved in the sediment and the
preservation of their skeletal components carubed quantitatively because their relative abundance
in the sediments are in relation with their original water column alive population (Korhola and Rautio,
2001). The rest of the families sometimes do not leave any remains to identify or they are very
selectively preservedDaphniidae, a key component of aquatic ecosystems, is one of the rare
preserved planktonic family. In the sediment, their remains are are only represented -by post
abdominal claws, mandibles and ephippia (Jeppesen et al. 2001a).

1.6.Identification of Cladocera remains

There are large number of taxonomic keys available for contemporary Cladocera whereas the
identification of cladoceran remains still relies on individual research papers, faunistic summaries, and
illustrated reports (Raio, 2007).

The most common remains in sediments are headshields, carapaces, postabdomens and
postabdominal clawsDaphnia spp.remains are predominantly postabdominal claws and ephippia.
Simocephaluspp., Moina spp. andCeriodaphniaspp. are mostly ideified by their ephippia. The
headshields of Bosminidae are characterized by large antennae and different species can be identified
on the basis of appearance and location of the lateral pores (Figure 1.6).
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Remains of the Chydoridae preserve very well in lake sediment and it is possible to identify
most of them to species level (Szeroczynska and Safmajanen, 2007). Chydorid headshields
have a speciespecific shape and ¢hhead pores in the posterior part give important clues for
identification. In the subfamily Aloninae, there are usual$ thedian pores and two small lateral
pores and the pore system is usually situated close to the posterior margin (Figure 1.7shjieldsad
of the subfamily Chydorinae have a different pore configuration than Aloninae. There are two
separate median pores on the middle of the headshield (Figure 1.7,2). The carapacdanoifysub
Aloninae are attached together at a long dorsal maFgguie 1.7,3). The dorsal region of the anterior
margin is quite short inorder to accommodate headshield. Whereas, the carapaceaofilgub
Chydorinae are attached at the short dorsal margin. Because of the species of Chydorinae are globular
in shape ath elongated headshields, the anterior margin of the shell is very long (Figure 1.7,4).

Aloninae Chydorinae
1 posterior Median 2 posterior
Lateral . pores /-
pores YR8 Mediar}/ Tl
pore‘?\ /median pore
Rostrum ] ‘..
» *‘ {
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Figure 1.7.Chydoridae family head shields and carapaces. 1. Headshield of Alonintearsiyb
(Alona quadrangulari$ Lake Derin), 2. Headshield of Chydorinae damily (Pleuroxussp.i Lake

G°l hisar), 3. Car ap ac e-family @angptodereus reditostrislsaskeof Al oni nae su
Abant) and 4. Carapace characteristics of Chydorinadasulty (Pleuroxus trigonellu$ Lake
Beyek) .
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1.7. Data Analyses in Paldimnology

Dougl as, (2007) stated that @Aone of the great
analyses leading to the quantification of environmental change and paleoenvironmental assessment.
This big step brought paleolimnology forward fromeaslcr i pti ve to a quantit af
testing hypotheses and quantifying environmental responses are possible in paleolimnology.
Modelling the modern surface sediment calibration sets gave insight to paleolimnological researches
(Birks, 1998 and Smol2008). Creating data matrix including biological communities and related
environmental data, it is now possible to identify relationships between species data and
environmental data. A calibration set is created by using data from approximately 5¢-takegach
lake, the surface sediment-21cmthick) is collected and the contemporary chemical, physical and
biological data from water column are measured. Then, the two data sets are developed from these
samplings. One of the data set consists of traivel abundance of the biological communities from
the surface sediment from each lake, for example;fessil Cladocera species. Another data set
includes the chemical, physical and biological parameters from each lake. By means of ordination
analyses, dr instance, principal component analyses (PCA) and detrended correspondence analyses

(DCA) , finding the most i mportant environment al
possible. After calculating the environmental optima and toleraneaabf species, a transfer function
can be construct. Then in that transfer functio

stratigraphic profile in order to reconstruct interested environmental variable (Birks, 1998).
Surface-sediment calibration sets
Species prefer to live in a limited range of habitats and they are abundant at their particular

environmental optimum (ter Braak and Prentice, 1988), thus the species composition differs along
environmental gradients. Species replacements ocaaessively because of the difference in the

environment or ti me. iThe primary aim of qguantit
environment al variable as a function of biologic
The most wdely wused approach for guantitative envir
sedi ment calibration setso, or Atraining setso.

for a suite of environmental variables, which are then relatédtetondicators preserved in the surface
sediments using statistical techniques (Smol, 2008). These data are very crucial since the final goal is
to use the known preseday ecology of organisms to infer past conditions.

The first step for generate a ¢aktion set is to choose a group of reference lakes that
cover the environmental variables of interest, and the range of environmental conditions is likely to
encounter in the limnological history of the lake that wish to reconstuct. Most importantigixéhe
that will eventually be encountered in the cores must be well represented in the modern,; surface
sediment samples. For each of the lakes, relevant limnological data must be available because these
presertday environmental data will be used to estientie environmental optima and tolerances of
the taxa (Smol, 2008). As a result of this step a data matrix of lakes and the relevant environmental
data is produced.

The second step is to construct another data matrix including the lakes with the associated
biological data. From the deepest part of each lake, the surf@ceehtimeter of sediment is
collected using corer. These sediment samples are prepared for microscopic examination,
identification and enumeration. As a result, the second data matrindingl lakes and the
abundances of species data is produced.

The final step is to combine these two matrices, identify the most significant environmental
variable which explains the biological assemblege and develop a quantitative transfer function of that
environmental variable, so that the taxa can be used to infer environmental variables from fossil
assemblages.

Development of quantitative transfer functions

The development of powerful statistical methods has allowed quantitative past lake
ecosystem @nstruction (ter Braak et al., 1993; Birks, 1995; Livingstone and Lotter, 1998). These
reconstructions involve the estimation of species optima and tolerances to an environmental variable
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by quantitatively using surface sedimé&ntontemporary environmeglibration sets (Birks, 1995).
The design and methodology of quantitative environmental reconstructions are summarized as below:

In order to reconstruct past environmental variablg (Eom fossil assemblage data B
including c taxa and | samples, tfesponses of the ¢ taxa in present day to the environmental variable
of interest (E) need to be modelled. This procedure needs a present day biological sample (species
matrix) B, of c taxa at n sites, with an contemporary present day environmental evgdEalbbr the
same n sites. The relationship between these two data set are created using statistical methods and this
quantitative relationship is used as a transfer function to transform the fossil assemb)aigéo (B
unknown past environmental varialfleable 1.2).

Table 1.2.Schematic description of quantitative paleolimnological reconstructions. Modified from
Birks (1995).

Biological Data Environmental Data
Present Modern (B) Modern (E)

C taxa- n sites n sites
Past Fossil (Bo) Eo

c taxa- | samples | samples

In order to use organisms to reconstruct a specific environmental variable, their distributions
have to be influenced by that variable (Smol, 2008). Multivariate ordination and regression techniques
have to be applied to the calitiom set in order to find the environmental variable strongly
influencing the distribution of species data. The most common approach has been the use of indirect
(correspondance analysis, CA) and direct (canonical correspondance analysis, CCA) analysis
techniques if taxa are responding to the measured environmental gradients in a unimodal distribution.
If taxa are responding linear relationship with measured environmental variables, principal component
analysis (PCA) or redundancy analysis (RDA) are requiter Braak 1994) The selection of
unimodal versus linear techniques can often be decided by running a detrended correspondance
analysis (DCA) to determine the length of the gradient, estimated in standard deviation (SD) units
(Hill, 1973; Hill and Gauch 1980) This is an estimate of the turnover rate of species because
distribution of most species will rise and fall over four SD units. If the gradient is shorter than about 3
SD units, linear techniques are more appropriate (Birks, 1998).

After determiring which of the environmental variables influence species distributions, a
transfer function can be constructédorder to create transfer function, this environmental variable is
taken as the response variable and the responses of the species gdatietoey variable. This
regression equation is then directly used for prediction.

In order to make a transfer function, weighted averaging (WA), weighted averaging partial
least squares (WARLS) and patrtial least squares (PLS) models will be created G&ngprsion 1.4
(Juggins, 2004)There are also some assumptions in order to reconstruct quantitatively (Imbrie and
Kipp, 1971; Birks, 1995):

1. The biological data and the environmental data in calibration set should be related to each
other.

2. The reconstrued environmental variable should linearly related to an ecologically
important parameter in the ecosystem.

3. The biological variableR) in the calibration set should be the same as in the sedimentary
dataB, and also the ecological responses should notgdthiover the time. Thus, the
relationship between modern taxon abundance with the environmental v&tiabhlte be
used to reconstruct changesBifirom past to present.

4. The statistical methods, regression and calibration, are effectively model the dablogi
reactions to the interested environmental variable.

5. The other environmental variables do not influence our interested environmental variable,
or it is the same as in the training set.
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1.8. Turkish Shallow Lakes

Having 200 natural lakes, 75 dams, af@D ponds, Turkey is a rich country in freshwater

resources (Kazancé et al , 1995) . 2 Turkish lakesrafeace ar
mostly shallow and some of them have | arge surfa
Uluabat.These shallow lakes have high biodiversity and also important aquatic vegetation community
(Bekliojlu et al ., 2006) . Turkish shallow | akes
eutrophication and also under the influence of strong waterleve | uct uati ons ( Bekl i o]
These water level changes effect lakes differently according to their trophic status.

Bekliojlu et al . (2006) stated that ffecol ogy
species diversity are very sensitive ydrological alterations, namely water level fluctuations and
hydraul ic residence ti meo. I n oligotrophic |l ake

conditions with increasing the size of the littoral zone with associated species diversity. Easdncr

of nutrient concentration in lake ecosystem also direct the decrease of submerged plants development

via turbidity which is a result of planktivorous fish feeding and high phytoplankton production.

Moreover, global climate change complicates thesegases with the salinity increase and thus,

decrease of species diversity. Increased urbanization, sewage disposal, regulation of wetlands and

more intensive farming practices have also increased the nutrient loading to many shallow lakes

world-wide increaing salinity as shown by the predictive modé&sops et al., 2003; NaseHiores,

2003; Talling, 2001; Bekliojlu et al.,2006; Bekl:i
Climate change will further affect the physical, chemical and biological properties of

freshwater lakes and rivers, with predominantly adverse itepac many individual freshwater

species, community composition and water quality (IPCC, 2007). From 1900 to 2005 precipitation

declined in the serdry Mediterranean climatic region and the areas have already been affected by

drought whose intensity inaised since 1970s (IPCC, 2007). As part of the Mediterranean climatic

region, Turkey is highly susceptible to impacts of climate change. Many studies revealed a recent

warming trend which extends fromearly919 s t o t he present day in Tur

Kadéojlu 1997; Teér kek et al ., 2002) . Further mo

precipitation trend over western and southern pa

lakesesg ci al | y Ce nt r dunctioAsmaad serlidesaane vénaskseeptible to hydrological

changes, sucas hydraulic residencetimeanda t er | ev el fluctuations (Bekl
al. 2010; Bucak et al. 2012nd regional precipitatiorHydrologoical alterationand regional climate
changeqhave shown to | ead salinization and eutrophic

2006 ; Bekliojlu and Tan, 2008; Bekl i og&alinityet al
shows prticularly great temporal variability in response to climate (TalliBg0J). It increases
annually during dry summers that can return to regular level as the season changes. However, during
prolonged dry periods, salt accumulates interannually and naldes Ishift to saline conditions
(Bekliof | u TanrR2@08.

1.9. Paleolimnological Research In Turkey

In Turkey, paleolimnologist mostly study the effects of climate change on lake and its
catchment. These studies have been focusing on the climatic changes in Late Quaternary period.
Paleolimmlogical surveys were mostly conducted by theoperation with Mineral Research &

Exploration (MTA) and researchers from U.K., France, Germany and Japan. At first, in 1967 German
researchers studied postglacial vegetatinoal history of Northern Turkestrieying a sediment core

fromLake Yeni -aja and Lake Abant, Bolu in 1957 (Beu
detailed vegetational history study of northern and northwestern Turkey. This project was a joint
project of t he Faculty of F o r e snical yDepartinentko6 t an b u |
Groningen University (Woldring et al ., 1986) . A
collected sediment cores from G°I| hisar Lake, Bur
study the LateHolocene environmental change Southern Turkey (Roberts et al., 1997, Eastwood

and Pearce, 1998, Reed et al., 1999, Eastwood et al., 1999a, Eastwood et al., 1999b, Roberts et al.,
1999, Jones et al., 2002).

Kashima (2003) studied climatic changes during the Late Quaternary usiéegsiualiiment
cores from closed and semniid lacustrine basins in central Anatolia, Turkey, based on diatom
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assemblages of sediments. In their research, they used diatoms from 38 lakes and rivers and living and
fossil diatoms indicated that palaeolimnoladistudies using diatom remains can provide quantitative
reconstruction of water salinity for Turkey.

Jones et al . (2005) sampled varved sedi ment cor e
oxygen isotope records. They compared oxygen isotope record frontakbesediment with
instrumental records of temperature, precipitation, wind speed, relative humidity and calculated values
of evaporation. They showed that the isotope record followed the same trends in the temperature and
evaporation records.

The most reent study used oxygen isotope records from lake sediments from three lakes
namel vy, Zeribar, Il ran; Van and Eski Acég®°l , Turkey (
records had been interpreted as controlled by changes in precipitation to evapoatition
Furthermore, England et al. (2008) coupled stable isotope, pollen and charcoal from Nar Lake
sediment core in order to investigate land use in Cappadocia region. They indicated that Cappadocia
has been a predominantly open landscape throughowdgheno millennia. They also found the first
significant cultural landscape transformation occurrence during the Bronze Age. Woodbridge and
Roberts (2010) used the same laminated sediments to investigate the link between modern and fossil
diatom assemblage Thereafter, Woodbridge and Roberts (2011) compared sedimentary diatom
record with stable isotope and pollen record from the same core over last 1720 years and they
investigated that Nar lake water was much more saline and the climate of central Awawlia
significantly more arid during the decades prior to AD 540. Recently, Reed et al. (2012) developed
conductivity transfer functions using diatoms and ostracods from Turkish lake training sets using
weighted averaging techniques to confirm the poteritaldiatoms and ostracods to strengthen
palaeoclimate inferences by quantitative mphbxy reconstruction. Results of paired diatom
ostracod analysis indicated that the most important ecological threshold occurs at a conductivity
boundary of ~3 mScth

1.10. Objectives

In this thesis, the limnological characteristics of-$otsil Cladocera from surface sediment are
outlined by comparison of the present day environmental variables. The 44 shallow lakes of Turkey
were sampled using snapot methodolog

The objectives of this thesis are:

1. to determinethe concurrence of contemporary and -fessil Cladocera in relation with
environmental factors;

2. to establish the relationship between the distribution offesdil cladoceran species and
environmetal variables to produce a calibration set;

3. to hindcast the reliability of salinity transfer functions using {gargh monitoring data from
two interconnected shallow lakes;

4. to construct a transfer function for inferring past salinity and delinkateffects of climate
change from the recent past (1080 years) to the present using transfer function.
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CHAPTER 2

RELATEDNESS BETWEEN CONTEMPORARY AND SURFACE SEDIMENT SUB -
FOSSIL CLADOCERA ASSEMBLAGES IN TURKISH SHALLOW LAKES

2.1. Introduction

Zooplankton are important indicators of the structure and function of freshwater lake
ecosystems and their ecological status (Jeppesen et al., 2011). They are considered as a key
component of the trophic web and are sensitive to anthropogenic impactsi(@nd Irvine, 2010).
Zooplankton community structure changes along an eutrophication gradient. Zooplankton biomass
increase with increasing total phosphorus (TP) and their size decrease the latter reflecting mainly an
increase in fish predation (Jeppaset al., 2000; Haberman and Laugaste, 2003). A study of 81
shall ow European | akes Gyllstr°m et al . (2005) ,
however, zooplankton:CHd ratio decreased from north to south resulting increasedidom (fish
predation) effectCladocera species are sensitive to increasing salinities because of their limited
osmoregulating capacity (Aladin, 1991; Frey, 1993). Zooplankton species richness and diversity
decrease with increasing salinity (Frey, 1993; Jeppesein 4984; Bos et al., 1999, Boronat et al.,

2001, Brucet et al., 2009).

Zooplankton sedimentary remains also provide information on ecosystem state and change
through time (Jeppesen et al., 2001a; Davidson et al, 2011). The surface sediment includgs pelagi
benthic and macrophyte associated zooplankton remains and they are well represented and the species
richness and diversity are generally higher than for contemporary samples (Davidson et al., 2007;
Nevalainen, 2010)Exoskeletons of planktonic and lited Cladocera can be found in the sediment.

The chitinous outer body parts, such as carapaces, head shields, ephipfEbdpo®ns and claws,
preserve selectively in lake sediments, whereas soft tissues decompose (Frey, 1986). Preservation is
known to bethe best for the families Bosminidae and Chydoridae (Frey, 1986, Korhola and Rautio,
2001), while other Cladocera families such as Daphniidae and Sididae are less well preserved in the
sediments and are represented, for instance, by ephippia, postalddaviisa antennal segments and
mandibles (Frey, 1991). It is considerably more difficult to identify these small, detached body parts
than shells, headshields and palstiomens (Frey 1986). Frey (1960) suggested that all Cladocera
species should leave sorkimd of remains in lake sediments, but due to some difficulties in precise
identification palaeolimnology researchers have generally found that cladocerans are poorly
represented in the sediment record (Frey, 1958, 1988). Several factors affect thidodepbs
cladoceran remains. Cladocerans grow by periodically shedding their exoskeletons at the end of each
instar. Molting rates differ among the species and are strongly influenced by temperature (Vijverberg,
1980). The proportions of shed exuviae aighdiculated animals in the sediment depend on the age
structure characteristics of the population (Kerfoot, 1981), which, in turn, are affected by varying food
conditions and size el ecti ve predation (Boersma et al ., 1
Mechanical, chemical and biological agents can all decompose exoskeletal fragments and chitin, thus
affecting their preservation (Kerfoot, 1995). However, Ephippia of many species preserve well (Frey,

1986 ; Hof mann 1987; Ha n n, erptet@at®® of theRsufossili cadoetan al . 2
data is based on the assumption that a close contemgoi@ry s i | relationship exi st
2011).

Because several processes determine the production and distribution of cladoceran remains,
the reliabilty of this assumption is widely discussed by palaeolimnologists (Davidson et al., 2007,
Kattel et al., 2007, Nykanen et al., 2009). Some previous studies have analysed how well the sediment
cladoceran remains reflect the living community. Jeppesen @0813) identified a good correlation
between the relative involvement of tBaphniaspp. population occurring in the water column and
its percentage abundance in the surface sediments. However, the higher preséecedaphnia
spp. in the littoral thann the pelagial demonstrated less correlation between water column and
relative abundance of ephippia and it was found more frequently in the sediment than in the water
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column. Davidson et al. (2007) focused on external forces shaping cladoceran caesn{ert
macrophytes and fish) in a set of Danish and UK lakes and found that these were essentially the same
for contemporary and subfossil assemblages. Kattel et al. (2007) used cladoceran samples from deep
sediment traps, surface sediment samples aasosally collected Cladocera from the water column
to identify difference between them and concluded that sediment samples should not only cover the
pelagic but also the area in between the pelagic and the littoral. Nykanen et al. (2009) estimated
annualcladoceran body part production in the water column for each species and compared it with the
net accumulation in the sediment.

This study focused on the reliability of contemporfoysil relationship by comparing
contemporary pelagic and littoral zoopkton populations with surface sediment assemblages from
40 shallow Mediterranean lakes. We also sought to find a similarity between contemporary and
sedimentary assemblages with environmental factors shaping the cladoceran community.

2.2. Materials and nethods
2.2.1. Study Sites and field sampling
Environmental variables and surface sediments were sampled in 40 Anatolian shallow lakes

spanning over 5 latitudes fromseanir i d north (41A52EN, 27A58EE) t
Turkey during Augusand September 2008011 (Figure 2.1; Appendix A).
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Figure 2.1.Studied 40 shallow lakes in Turkey.

Snap shot sampling methodology was used for sampling the (&kgsre 2.2) Depth
integrated, mixed water samples from the whole water columa t@&en at the deepest part of the
lake using a 3.5 L KDenmark Ruttner sampler and analysed for total phosphorus (TP), soluble
reactive phosphate (SRP), nitrate, nitrite, total nitrogen (TN) and chlorophyllLake water
temperature (RAC) O0Yconsdaulcitniivtiyt y( &) , maxi mum depth
L™, and pH were determinedd situ using a YSI 556 MPS multiprobe and Secchi disc transparency
was measured using a depth gauge with a 20 cm diameter.

Zooplankton samples were taken frawoth the littoral and pelagic parts of each lake and a 40
L water depthintegrated sample from the pelagic and 20 L from the littoral zone. From each sample
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Figure 2.2.Schematic description of snap shot sampling.

The composition and abundance of fish (Catch per unit eff@PUE) were determined by
overnight fishing with Lundgren gill nets with multiple mesh sizes: 6.25, 8, 10, 125, 22, 25, 30,
33, 38, 43, 50, 60 and 75 mm, with the length of 3 m and depth of each section being 1.5 m. The nets
were set overnight for an average duration of 12 hours in the littoral and pelagic part of the lake.

Percent plant volume inhabited (PWh) of the lakes was calculated based on data on
submerged plant sampled at evenly spaced intervals along parallel transect lines. The number of lines
was determined relative to the lake size. Plant species, average plant height, plant coverage, GPS
coordnates, and water depth were recorded at each sampling point which were located along the
transect lines.

PVI % at each sampling point (n) was calculated using the percent plant coverage (c %),
average plant height (p) and water depth (wd). Average laken@¥ldetermined as the sum of all
PVI divided by the sum of all water depths:
PVI, = (c % x p)/wd
PVlage= X RBx¥epth / xdepth

From each lake, seven surface sedimein? @m) mud were taken using a Kenmark Kajak
Corer (5.2 cm diameter) at the deepasint of each lake. The seven surface sediment samples were
mixed together and kept frozeri(8 AC) pr i or -fossilCiadoeerayesnairs. f or sub

2.2.2. Laboratory analyses

All water samples were kept frozen prior to chemical analyses in theatabp For analysis of
total phosphorus (TP) and soluble reactive phosphate (SRP) analyses we used the acid hydrolysis
(Mackereth, Heron and Talling, 1978) and molybdate reaction methods (Mackereth et al., 1978),
respectively. Total nitrogen (TN), ammomuNH,) and nitritenitrate (NQ - NOs) were analysed by
the Scalar Autoanalyzer Method (San++ Automated Wet Chemistry Analyzer, Skalar Analytical,
B.V., Breda, The Netherlands). For chlorophgjithe ethanol extraction method by Jespersen and
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Christoffessen (1987) was used and suspended solids were determined by weighing the dried GF/C
Whatman filters after filtering ~500 mL water through weighted filters.
For subfossil cladoceran taxonomical analysis 5 g wet homogenised sediment were boiled in

100 mL 0% KOH for 50 mi nut es and afterwards al | mater
microscopic analysis. Before to the counting under the microscope, the samples were sieved. Remains

bi gger than 45 Om were al/l i den{(LEICA MZdl6)anmd&én count ed wus
inverted light microscope (LEICA DMI 4000). For the counting process;fastils were separated

into two size fractions: >140 andi464 0 Om. Al | remains >140 Om were coun
the 45140 Om si ze f r aedandapproximatety 20s% Wwerescaumed! For species
identification, the keys developed by Frey (1959); F

Korjonen (2007) were used. Carapaces, head shields, post abdomens, post abdominal claws and
resting eggs ofach subfossil Cladocera were counted and the most abundant body part was used in
analyses. Sometimes, taxonomic species separatidlooé rectanguleSars, 186andAlona gutata
Sars, 186Zould not be conducted when organic material stuck into the $tgattls covering the
head pores which are used for identification. Thus, theseAlwona species are used adona
rectangula/gutatan statistical analyses.
Contemporary zooplankton species were identified to species level and individuals were
counted at40X magnification in aLEICA MZ 16 st er eomi croscope (Tavkanojl u,
taxonomical identification, the keys in Scourfield and Harding (1966), Rtitoksko (1974),
Pontin (1978), Einsle (1993), Segers (1995), Smirnov
used.

2.2.3. Data amlyses

Prior to statistical analyses, environmental data was tested for normality using the
KolmogorovSimirnov test in SigmaStat 3.5. Environmental variables that did not pass the normality
test were either lag logio(x+1) or square root transformed tbtain the best approximation to
normal distribution (Table 2.1)and species data were Hellinger transformed (Legendre and
Gallagher, 2001).

Ordination is an effective method when investigating the patterns and causes of variation in
multivariate datage (ter Braak and Prentice, 1988). An arrangement of ordination techniques
including detrended correspondence analysis (DCA), canonical correspondence analysis (CCA) and
redundancy analysis (RDA), was employed. In DCA, rare species were downweightedrandirig
was carried out, and ndimear rescaling was applied. Detrended Correspondence Analysis (DCA)
was performed on Hellinger transformed species data in order to determine whether unimodal or
linear ordination techniques were suitable. DCA is anr@adiordination method that summarizes the
variation in species assemblages along the DCA axis. Linear ordination (Redundancy Analysis
RDA) or unimodal ordination (Canonical Correspondence AnalysiCA) were applied when the
gradient length of axis hiDCA was less than or higher than 3.00 standard deviation (SD) units (ter
Braak, 1995). Monte Carlo permutation tests were applied in order to test the significance of each
environmental variables used in ordination analyses. Environmental variablels,dichiwot explain a
significant portion of species variance after Monte Carlo permutations (p<0.005; 999 random
permutations), were removed from ordination analysis. A series of partial RDA ordinations using only
the significant environmental parametersswan to determine the % variance explained by each
single variable.

In order to explore the similarities between the Cladocera community and environment
relationship for both contemporary and surfaeeiment data and also to test the significance afdou
relationship, Procrustes rotation and the related PROTEST permutation test were applied to the
ordination results (Jackson, 1995; Pexeto and Jackson, 2001). Procrustes rotation considers the
general degree of correlation between two or more ordimati r esul t s by wusing a APr

superi mposition approacho, in which the results of t
opti mal superimposition maximising their fidt (Davi d:s
residuals between configut i ons in their optimal fit can be used a

1971). PROTEST measures the degree of concordance between two matrices and it is a permutation
based procedure (Jackson, 1 9 9like)statistie Be@dd EréTthepr oduces i a
symmetric Procrustes sum of squareso, referred to as
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(mp») and an associated significance (p value)o ini
by chance (Davidson et al., 2007). Adihalyses were done with R version 2.12.2 (R Core
Development Team, 2011) using the vegan (Oksanen, et al., 2008) R packages.

The physical, chemical, bi ol ogical and sedi me
(in preperation) rmnMOYIRS BS, ANé safme dataeerctuding-fesbil
Cladocera will be used in the several PhD thesis who have carried out their thesis at METU, Biology

Depart ment (keyda Erdojan, Gizem Bezirci, Eti Es
(1 .aNimavkanojlu and Arda¥zen).
2.3. Results

The 40 lakes studied were generally small and shallow with maximum depth ranging from
0.55 to 17.4 m (Table 2.1). Surface water temperature averaged@4#d the lakes were well
oxygenated (average=6.7 mi‘L Except for four with salinities
freshwater lakes. Most of the lakes had pH close to neutral, were eutrophic with an average
chlorophyll a concentration 09.20 g * dnd an average Secchi depth of 1.3 m. Planktivorous fish
dominated the fish catches, the average catch per net per night being 106.9 per net. The PVI % varied

from 0 to 94%.

Table 2.1.Summary statistics of environmental variables from the 40 Turkish shallow lakes.

Size Depth Temp Oxygen Chl-a H TP TN Salinity Secchi PVI  Fish

(ha) (cm) (AC gL Og/ P" (Og/(Ogr(a) (cm) (%) (cpue)
min 0.1 55 183 0.58 0.66 6.3 15 238.8 0.06 20 0 0
max 635 1740 324 153 62.1 9.6 6326 2340 538 900 94.2 644.2
mean 749 409.8 244 6.7 19.2 8.2 138.1 1024.7 0.7 130 175 106.9

A total of 20 and 27 taxa were identified in the water column and surface sediment samples,
respectively (Table 2.2, Appendix 2 and 3). The occurrence, maximum, mean and median values of
the relative abundance for all identified taxa showeddbaie of the frequently occurring taxa in the
waterwere not found in theediment assemblages. These inclDdgphanosomasp., Macrothrix sp.,
Scapholeberis mucronaaM¢, | | ePolyphemus gediculukinnaeus, 1761fTable 2.2). All other
pelagic taxa wre represented in the surficial sediments. HoweBesmina longirostris, Chydorus
sphaericusand Leydigia leydigiwere over represented in sediment assemblages; only few or none
were found in contemporary samples.

Table 2.2.Contemporary and surfacediment percent abundances of all Cladoceran taxa.

Smediment o Water column

% c % c

S % § x 3 3 § 9

o 3] (<5} © o ] 5] ©

) = = = o] = = =
Leptodora kindtii(Focke, 1844) 2 00 00 03
Sidacrystallingl O. F. M¢l | er , 4 00 12 426
Diaphanasomap. 10 0.0 94 100.0
Daphniaspp. 15 00 02 34 19 0.0 102 930
Ceriodaphniaspp. 28 01 06 59 22 04 17.8 100.0
Simocephaluspp 6 00 00 0.7 4 0.0 08 208
Moina spp. 9 00 01 10 9 00 39 765
Bosmina longirostrig O. F . M¢l 133 504 46.8 99.3 19 0.0 23.3 99.9
Macrothrix sp. 1 0.0 00 01
llyocryptusspp. 6 00 00 04 1 00 00 01



Table 2.2 (continued)

Eurycercus lamellatus O. F. Mgl | 2 00 00 03

Camptocercuspp. 6 0.0 00 0.8

Acropeaus harpagBaird, 1835) 14 00 07 76 2 00 04 8.9
Kurzia latissimaKurz,1874 3 00 00 0.2

Oxyurella tenuicaudi¢Sars, 1862) 2 0.0 0.2 538

Alona quadrangularig O. F. M¢ Il 1 e19 00 14 353 5 00 34 974
Alona rectangula/gutata 36 61 221 964 15 00 3.3 56.8
Alona affinisLeydig, 1860 7 00 00 05 1 00 00 0.6
Leydigia leydigi(Schoedler, 1863) 26 01 29 2023 00 26 100.0

Leydigia acanthocercoidgfischer, 1854) 16 0.0 1.1 19.2
Graptoleberis testudinariéFischer, 188) 16 0.0 1.8 494

Alonella excisgFischer, 1854) 11 0.0 05 83

Alonella exigugLilljeborg, 1853) 9 0.0 07 95 3 00 11 210
Allonella nana(Baird, 1850) 6 00 06 152 2 00 0.2 87
Disparalona rostratagKoch, 1841) 8 0.0 02 24

Pleuroxusspp. 22 00 10 1939 00 13 20.8
Chydorus sphaericus O . F. M¢ | 137 6.8 176 86.0 23 0.9 14.1 100.0
Scaptoleberis mucronaa O . F . 1785) 1 00 02 79
Polyphemus pediculytinnaeus, 1761) 1 0.0 04 16.0

DCA indicaked a first axis length of 1.41 SD units for the contemporary data whereas 2.03
SD units for the sufossil data. According to ter Braak and Prentice (1988) both linear (RDA) and
unimodal (CCA) methods can be used where the first axis length falls betvieandl3 SD units.
Thus, linear methods were chosen for the both contemporary and sedimentary assemblages and only
RDA was used for both data sets to compare the sesiithe ordinations (Figure 3.3 .akes Hamam,
Pedi na and Bal dé ma zcladdderd taxaadrt theic comtensporary zaoplgnkton
assemblages and therefore not included in the RDA and Procrustes argitysiéisance test showed
the first two axis for contemporary RDA to be significant (p<0.01) whereas, only the first axis was
significant (p<0.01) for sedimentary RDA. As indied in Figure 2,3Monte Carlo permutation test
showed that TP and salinity were significant for the contemporary assemblage (p<0.05), while only
salinity (p<0.01) was significant for the sfiissil assemblage.hls, in both RDAs salinity was the
most significant variable and it was negativelyretated with axis 1 (Figure 2.3
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Figure 2.3. RDA plot of contemporary and stfbssil Cladocera assenziyes.
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Furthermore, RDA ordirtaons specified that a similar percentage of variance was explained
for water column (16.7 %) and sdibssil Cladocera (13.6 %) data when all environmental variables
were included in the analysis (Table 2.3). When using single variable in each analiysig,asgin
had the highest percent variance explained in both datasets (Table 2.3).

Table 2.3. Summary results of variance explained by RDA analyses for contemporary and
sedimentary Cladocera from 37 lakes.

% RDA Variance

Environmental Variable Contemporary Cladocera Sedimentary Cladocera

Secchi:Max.Depth, TP, Salinity, PVI, Figh 16.7 13.6
Salinity&TP 10.8 8.4
TP 5.6 1.6
Salinity 5.5 7.6

The location of most common species in the two RDAs differed. For inst8osmina
longirostris, Chylorus sphaericusand Leydigia leydigidistributions in ordination space were quite
similar and they exhibited a parallel degree of reaction to the same environmental variables in both
ordinations (Figure 3). Chydorus sphaericusvas positively associatedith salinity; otherwise
Bosmina longirostriswas negatively associated with salinity when comparing contemporary and
sedimentary RDAsMoina spp. was positively linked with TP in contemporary dataset.

Species diversity and evenness of the two commugrstiewed some response to salinity and
TP (Figure 24). With increasing TP only species evenness of contemporary community showed
decrease because sedimentary cladocerans did not significantly correlated with TP as seen in RDA.
There was a clear separatibatween low and high salinity in diversity patterns in the contemporary
cladoceran data however, in sfdssil cladocera data this separation was not clear (FigdyeSub
fossil Cladocera species diversity decreases with increasing salinity whereasssvdid not change
with increasing salinity.
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Figure 24. Species diversity (Shanndieiner index H') and evenness (Pielou index) between
contemporary and sedimentary communities and the effect of salinity and TP.
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For the Procrustes rotation analysihe scores of PCA of the species data and the scores of
RDA of 37 lakes were employed and the results were shown in Table 2.4. The lower values of rotation
sum of squares and root mean square error (RMSE) shows better aggrement between the two dataset.
Thus, lower rotation sum of squares (6.43) and RMSE (0.41) values showed that Procrustes analyses
with using PCA scores had better explanation. However, the correlation diagmosjicsifowed
relatively higher value (0.4501) in analysis using RDA scdfagthermore, the significamt value =
0.002 suggested that Procrustes rotation test using both PCA and RDA scores of the contemporary
and sedimentary Cladocera gave optimal fit and a high degree of correspondence between
contemporary and sedimentary cladma assemblages (Table 2.4).

Table 2.4.PROTEST diagnostics for fossil and contemporary data of 37 lakes.

Procrustes rotatior Procrustes p
Test sum of squares  RMSE PROTESTM | 1jue
Fossil RDA & Contemporary
RDA 12.73 0.58 0.4501 0.002
Fossil PCA &Contemporary 6.43 0.41 0.4019 0.002
PCA . . . .

In graphical description of procrustes results for the two datasets, their arrangements of
optimal fit offered a signal of the difference (procrustes residuals) between the contemporary and
surface sediment scardor each lake (Figures3®and 26). Black circles in the plots represent
contemporary data and point of the arrows represent sedimentaryTHatalistance between the
points and arrows shows procrustes residlaa. residuals (short arrows) indicatgaod agreement,
and high residuals (long arrows) indicate a weak agreement between data sets.
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Figure 2.6. PROTEST plot generated from RDA scores. Circles represent contemporary samples and
point of the arrows represent sedinagtsamples, the distance between the two shows procrustes
residuals. Environmental variables were retained from PCA.

PCA-Procrustes rotation plot showed several sites such as, Abant, Serin and Poyrazlar to

have low residuals, indicating a high concorcka between their ordinations. However, a number of
Gokgol and Golcuk_Odemis displayed low degree of

lakes such as, Eymir,

Mogan, K.Akgol,

similarity (Figure 25). The direction of the movement between the base and the end of the arrow of

lakes Eymir, Moga, K.Akgol,

Gokgol and Golcuk_Odemis were related to the PCA ordination

results and they were affected G&hydorus sphaericu@-igure 25). The sedimentary community of
these lakes were dominated GWydorus sphaericuexoskeletal remains, whereas othéweka either
did not have or include very low abundance of this species. Similar results were obse®eador

rectangula/gutatavi t h

high re

si du

al

| akes

Géce,
RDA-procrustes rotation plot indicatedveeal sites with low residuals. For instance, Lakes

Uysh z,

Er

Kaya, Serin, Saka and Golcuk_Odemis revealed high correlation between the two datasets (Figure
2.6). However, a number of lakes such as Eymir, Mogan, Gebekirse, Barutcu, Yenicaga, Golhisar,
di spl ay 6).dThehdiregtion ogb r ocr u s
movement between the circle and the direction of the arrow is related to environmental variables from
RDAs. Accordingly, the point of the arrow (sfiissil assemblage) foEymir, Mogan, Gebekirse,
Barutcu, Yenicaga and Golhisar reflects higher salinity concentrations than the the contemporary
assemblages. The sfissil community for these lakes were dominated Giydorus sphaericus

Uyuz, Yayla, E i k| i

which was positively associated with higalinity. Thus, not only the direction of the movement is a

, and

Bal

é kil

é

indication of the environmental relationships of the species in the lake but also the assemblage
composition indicates the discrepancy between contemporary aridssildata. Other examplesear
the high procrustes residuals of lakes Uyuz, Yayla and Erikli. Sedimentary assemblages of these lakes
showed directions towards high PVI and high Secchi:Max depth ratio (FighrelZuz and Yayla
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had PVI of 57.4 and 69.3, respectively also Uyuz andliemad 1 and 0.8 Secchi:Max depth ratio
respectively. The sufpssil cladocera assemblage of these three lakes include high abundance of
Alona rectangula/gutatavhich relate to high PVI and Secchi:Max depth ratio in the sedimentary
RDA (Figure 23 and 25).

2.4. Discussion

Sedimentary Cladocera have been used to discover the changes in aquatic ecosystems.
Elucidation of the sutfossil cladoceran reconstruction is stands on the hypothesis that a Aok
cladoceran relationship. We recordstightly more cladoceran species in the surface sediment
samples (27 species) than in the contemporary samples (20Thgag. was a strong correspondence
in the response of the cladoceran community to the changing environment between the late summer
modern commuity samples and the surface sediment samples. Salinity and TP explained most of the
variation in contemporary communities, while only salinity did for the-fegkil communities.
Salinity was not only the major structuring variable in both data matrixalsot described very
similar percent variance in the different assemblages.

In our sedimentary datasbtaphanosomap., Macrothrix sp., Scapholeberis mucronatnd
Polyphemus pediculusere absent. Likewise in a study of Nykanen et al. (2009) in Lake Ve r v i ,
Finland no large body parts 8fiaphanosoma p . was found. These authors wused
found that most cladoceran species were well represented, excBgbanosomap., reflecting the
small claw size of this species. Kattel et al.q20compared species diversity and mean percentage
composition of live Cladocera in littoral and pelagic with the percentage composition of remains
deposited in the surface sediment of Loch Coire Fionnaraich, UK. As in our M&esythrix sp. and
Polyphenus pediculusvere recorded only in the contemporary samples and these authors suggested
that these two taxa should not be taken into account in the comparison.

The dissimilarity in the incidence of species number between the contemporary and
sedimentary dta could be influenced by differences in the time period the samples represent.
Contemporary assemblages were sampled in late summer whereas the surface sediment samples
represent accumulation of approximately 1 and 3 years of sedimentation. Furtheéhadnabitat
preference of the species, together with sampling strategy, could be the reason for their absence in the
contemporary dataset. For instance, some lakes had high abundances of the pelagidlspecies
spp. in their contemporary assemblagesc&Moina spp. are identified by ephippia in sedimentary
samples, the difference may be caused by ephippia floating from the pelagic to the littoral or
favourable environmental conditions for sexual reproduction (Frey, 1982).

RDA ordinations indicated a sitar proportion of variance to be explained for contemporary
and subfossil Cladocera assamblages when all environmental variables were used. Monte Carlo
permutation test in RDAs specified that for contemporary assemblage TP and salinity and for sub
fossilassemblage only salinity were the significant variables. Phosphorus indirectly affects Cladocera
by changing their food quality and habitats. Studies from temperate and Mediterranean lakes showed
that cladoceran richness was significantly unimodally eellab TP (Jeppesen et al., 2000; Bos and
Cummi ng, 200 3; Gyllstr°m et al ., 2005) .

Contemporary specieseydigia leydigi, Chydorus sphaericuand Alona quadrangularis
were found to be related to salinity. This agrees with previous studies for ins@magrus
sphaericuss euryhaline species and was found high range of salinklesa quadrangularisvas
found in Danish lagoons (Brucet et al., 2009) aegidigia leydigiwas found in lakes with moderate
to high salinity (Bos et al., 1999). A decliningtd of species diversity with increasing salinity was
found in contemporary data whereas an increasing trend was found in sedimentary data. For the
contemporary data this trend is in agreement with other observations (Boronat et al., 2001; Amsinck et
al., 2005a).

Procrustes rotations and the associated PROTEST permutatiomnsesfsPCA and RDA
revealed that a number of lakes displayed high residuals showing low similarity. These marked
differences were mainly a result of differentildposition of cladagran remains in the sediment. The
spatial distribution and areal coverage of contemporary littoral and pelagic cladoceran populations,
together with transpodedimentation processes in the lake when they disarticulated, affect the
composition of speciessaemblages in lake sediment (Nykanen et al., 2009). Another explanation
could be that thecontemporary assemblages were sampled in late summer whereas the surface
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sediment samples represent accumulation of disarticulated cladocera. Besides differest specie
composition between these two data sets, environmental parameters were also caused high residuals
shown in RDAProcrustes plot.

Apart from some difficulties with comparing modern and -fdsil data, we found high
correspondence in the cladoceran comityuneaction to the changing environment between the
modern, water column community sampled in late summer and théssib assemblages from
surface sediment sample collected from the deepest part of the lake.
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CHAPTER 3

SURFACE SEDIMENT SUB-FOSSIL CLADOCERA CALIBRATION AS INDICATORS
OF SALINITY IN FORTY FOUR TURKISH SHALLOW LAKES

3.1. Introduction

Climate change is expected to intensify current stresses on water resources. Changes in
precipitation and temperature lead to changes in runoffveatdr availability. Runoff expected to
decrease by 30 % in some dry regions at-laifudes and dry tropics, suffering a decrease in water
resources (IPCC, 2007).

Climate change will further affect the physical, chemical and biological properties of
freshwater lakes and rivers, with predominantly adverse impacts on many individual freshwater
species, community composition and water quality (IPCC, 2007). From 1900 to 2005 precipitation
declined in the serdry Mediterranean climatic region and the areagehalready been affected by
drought whose intensity increased since 1970s (IPCC, 2007). As part of the Mediterranean climatic
region, Turkey is highly susceptible to impacts of climate change. Many studies revealed a recent
warming trend which extendsfro early 1990s to the present day i
Kadeojlu 1997,; Teée¢r kek et al ., 2002) . Further mo
precipitation trend over western and southern par

Turkish shallev lakes and their functions and services are very susceptible to hydrological

changes, such as hydraulic residence time and wa'f
al. 2010; Bucak et al. 2012). Hydrologoical alterations have shown to dakwization and
eutrophication of Turkish shallow | akes (Bekliojl

al. 2010; Ozan et al. 2010; Bucak et al. 20M9)reover, global climate change complicates |die

processes with the salinity incesaand thus, decrease of species dive(kiagelliFlores and Barone,

2003; Coops et al ., 200 3; Talling, 2001; Bekl i o]
Tan, 2008)

Paleolimnology, one of the methods for understanding climate chafegésaplays a pivotal
role in paleoclimatic and global change investigations, in many fields of environmental science, and
hydrocarbon and mineral resource exploration and exploitation (Last and Smol, 2001). Lake
sediments are valuable archives of enuimental changes, because lakes are geographically
widespread and their sediments are often continuous and datable (Wolfe et al., 2004; Brinner, 2006).
Gaining insight into the development of lakes, their past conditions and future trends are important to
assess the adaptation of environments to global processes such as global climate change (Punning et
al., 2003).

Subfossil Cladocera is one of the biological proxies helping to understand climate driven
effects on lake ecosystenThe importance of Cladocena both contemporary and paleolimnological
studies comes especially from their position in the food web (Jeppesen et al., 2011, Davidson et al.,
2011). Being herbivorous they occur as a link between algae and zooplanktivorous fish indicating
their sensitiity to ecosystem change (Jeppesen et al., 1997, Moss, 1998; Abrantes et al., 2006).
Furthermore, increasing their importance in paleolimnological studies is because cladocerans are
small 303000 em) <crustaceans, t hei mre wellapregservaaimtde c hi t i n
sediment and the preservation of their skeletal components can be used quantitatively because their
relative abundance in the sediments are in relation with their original water column alive population
(Korhola and Rautio, 2001Szeroczynska and Sarmafaorjonen, 2007. Cladocera remains can be
used to inferboth quantitatively and qualitatively trophic structure, plant composition, fish population,
climatic change, eutrophication, salinity, and wdésel fluctuation (Jeppesen dt,a996; Hofmann,

1998; Lotter et al., 1998; Bos et al., 1999; Jeppesen et al., 2003; Johansson et al., 2005; Amsinck et
al., 2005; Korhola et al., 2005). Most of the published literature offcadil Cladocera comes from
Europe (Korhola and Rautio, 200Bjerring et al., 2009; Davidson et al., 2010, 2011). To the best of

our knowledge there has been no study so far carried out eflosibCladocera from Turkish lakes.
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Here with the current study first time, 44 shallow Turkish lakes were thoroughigdtiad the
lake environmental variables and cladoceran species composition in the surface sediments. The aim
was to investigate the key environmental factor that was related with climate change structuring
cladoceran community composition.

3.2. Materialsand methods
3.2.1. Study sites

The 44 study lakes were all shallow, small and spanning over 5 latitudes from tharisemi ) )
north (41A52EN, 27A58EE) to the arid south (37A06EN,

Environmental variables and sack sediments were sampled during July, August and September
2006- 2012.

Figure 3.1.Location of studied 44 shallow lakes (map taken from Google Earth, July, 2012).

3.2.2. Fieldsampling and laboratory analyses

A standardized snap shot samplipgocedure was employed for sampling of 44 lakes
sediment samples, physicochemical and biological variables as given in Chapter 2. Afessgub
Cladocera sediment samples were analyzed according to the method given in the Chapter 2.

3.2.3. Data analyss

Environmental data and species data were transformed prior to statistical analyses following
the same procedures given in Chapter 2. In addition, for the weighted averaging methods, species data
were square root transformed.

As explained in Chapter JCA was first performed on Hellinger transformed species data
in order to determine whether unimodal or linear ordination techniques were suitable for the data of
the current study. Then, linear ordination method RDA was applied and after Monte Carlo
permuations norsignificant environmental variables were removed from ordination analysis. Finally,

a series of partial RDA ordinations using only the significant environmental parameters was run to
determine the % variance explained by each single variable.

Weighted averaging (WA), weighted averaging with tolerance down weighting,§\W#th
both inverse and classical deshrinking and weighted averaging partial least squarédl $)VA
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regression models were applied to calibration data set including cladecetamvironmental data to

infer salinity using the program C2 (Juggins, 2003). The optimal model was selected using their
coefficients of determinatiorr?), root mean square error (RMSE) and by the root mean square error
of prediction (RMSEP). Predictedales and RMSEP were obtained by bootstrapping cross
validation for WA and W4, models and by leave one out crasdidation for WAPLS model (Birks,

1995). Additional components for WRLS models were considered useful if they gave a reduction in
the preliction error of at least 5 % (ter Braak and Juggins, 1993, Birks, 1998).

The physical, chemical, biological and sedimentaradatwe r e obt ai ned fr om Be
(in preperation) and T BKTAK Project nfossil 110Y12
Cladocera will be used in the several PhD thesis who have carried out their thesis at METU, Biology
Depart ment ( IGeegmdBezirck EtidEstprd.evi) and was used in completed PhD thesis
(1. Ni han Tavkanojlu and Arda¥zen).

3.3. Results
3.3.1. Environmental data

The 44 study lakes were generally small and shallow with maximum depth ranged from 55 to
1740 cm and locatedfom sea level to 1453 m altitude (Appendix A). Most of the lakes had
freshwater excluding seven | akes whose salinity
temperature were relatively warm (average=2%43%f all 44 lakes as a result of warm saimgl
season and were well oxygenated (average=6.56"mlMost of the lakes had pH values close to
neutral. Lakes were generally eutrophic (average TPs189", IN=1088¢ g *,L Chl a=25 &g L
Thus, water clarity was low with average Secchi/Maximum depth ratio of 0.4.

Among 44 study lakes, the abundance of planktivorous fish was much higher than that of
piscivorous in fact most of the southern lakes hadpiscivorous fish. The study lakes had PVI
%ranging from 0 to 100 % (Table 3.1).

Table 3.1.Summary statistics of environmental variables from the 44 Turkish shallow lakes.

Variables Min.  Max. Mean Transformation
Altitute (m) 1 1423 747 logso
Lakesize (ha) 0.10 635 67.09 logyg (x+1)
Maximum depth (cm) 55 1740 393 l0gs0
Temperature (AC) 1830 3237 2449 x*
Salinity (4&) 0.06 5.82 0.73 logso
Dissolved Oxygen (mg't) 056 15.32 6.56  logio

pH 6.29 9.64 8.12 -
Suspended Solids (mg'). 4,00 2086 40.90 logs
Total Dissolved Solids (mg1) 0.07 6.66 0.91 l0g1p (x+1)
Secchi Depth/Maximum Depth 0.05 1.00 0.39 l0g1o (x+1)

Tot al Pho s'lp) hor us 15.04 63257 139.70 logs
Solubl e Reactide 338 187.89 37.00 logi

TotalNitrogen (e g L 238.80 2340.02 1088.67 logo
NH.( e ¢) L 2.45 565.07 109.91 logo
NO+NOs( & g) L 1.50 1721.9867.92 logy
Silica)e (eg L 1096 15652 4921  logy
Alkalinity (meq L% 0.50 2450 4.16 l0g;0 (X+1)
Chlorophylla( ¢ ¢) L 0.66 163.28 24.79 logy
Plant Volume Inhabited (%) 0.00 100.00 22.20 x"?
Total Fish (gr net night®) 0.00 3965.73 1125.73 x*2

Total Fish (number of fish nénight’) 0.00 1425.00 140.97 x2
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These 44 study lakes could be grouped into three namely, eutropbé; tdiar water lakes
and saline lakes (31 lakes from Beklib u et al ., in prep. and 13 | akes
Eutrophic lakes were characterized by having high concentrations of TP and chleepplufille
clear water lakes were characterized by high Secchi/Max depth and PVI % which are mostly located
in the higher latitudes. Furthermore, among clear water lakes high fish biomass was observed when
PVI % was high. Finally, the third group consisted of saline lakes which are located in the south.

3.3.2. Species data

Cladocera sutfossils were collectedinlal 44 | akes6 surface sedi ments an
were identified (Table 3.2; Appendix-8). Bosmina longirostrisand Chydorus sphaericuaere the
most common and dominant species. Chydoridae family with 18 taxa had the highest diversity. In
ordinationanalysesPleuroxusand Daphniaspecies added together and used as Ritalroxusspp.
andDaphniaspp. taxa.

Table 3.2. Cladoceran suffossils collected from the 44 study lakes, with number of occurance
(Count), maximum abundance, predicted salinitfimpm and tolerance values using weighted
averaging methods.

Salinity Salinity

: . Maximum :
Family Species Count abundance (% Optlnjum Toler:':mce
(a) (a)
- Sida crystallina
Sididae (O.F.Mcller, 4.00 9.53 0.22 0.31
Daphniidae Daphniaspp. 21.00 4.56 0.64 0.62
Daphniidae Simocephalusp. 7.00 1.41 0.75 0.69
Moinidae Moinasp. 10.00 241 0.54 0.57
llyocryptidae Ilyocryptusspp. 6.00 1.41 0.09 0.03
Bosminidae ~ CoSMina longirostris 38.00 88.48 0.24 0.37
(O. F. Mgl I er,
. Eurycercus lamelatus
Chydoridae © F. M¢ller, 2.00 1.18 0.10 0.04
Chydoridae  Pleuroxusspp. 26.00 9.22 0.45 0.35
. Alonella exigua
Chydoridae (Lillieborg, 1853) 13.00 4.49 0.26 0.37
Chydoridae ﬂgﬁ"a excisgFischer, 43 g 4.77 0.40 1.13
Chydoridae 'i‘gg"a nana(Baird, 8.00 7.50 0.13 0.19
. Disparalona rostrata
Chydoridae (Koch, 1841) 8.00 2.45 0.10 0.04
. Chydorus sphaericus
Chydoridae (O.F. Mgl ler, 42.00 34.38 0.74 1.20
. Alona quadrangularis
Chydoridae (O.F.Mcller, 21.00 5.29 0.21 0.26
Chydoridae  Alona recangula/gutata 41.00 28.11 0.84 1.44
Chydoridae  Alona affinisLeydig, 1860  8.00 2.05 0.18 0.16
Chydoridae ’fg;%';’erus harpa¢Baird, g o 471 0.82 1.68
Chydoridae =~ Camptocercusp. 7.00 2.45 0.23 0.22
Chydoridae  Ceriodaphniaspp. 33.00 4.00 0.48 0.60
Chydoridae ~ Craptoleberis testudinaria 1217 0.32 0.44

(Fischer, 1848)
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Table 3.2.

Chydoridae
Chydoridae
Chydaidae
Chydoridae

Leptodoridae

(continued)

Kurzia latissimaKurz,

1875 o 4.00
?Sxayrl; fe.lllé'iGtze)n.w.cauds 3.00
I(_s?ggcggeﬁkla?ilgés) - 800
Sy seantrocercoite 150
Leptodora kindtii(Focke, 200

1844)

1.00

8.37

12.81

4.75

2.28

0.12

0.49

0.66

1.16

0.17

0.06

0.18

1.10

1.46

0.04

3.3.3. Ordination

Subfossil cladocerans frorthe surface sediment and contemporary environmental variables

were used together in order to generate a calibration data set using ordination techniques.

As the DCA first axis length had 2.21 standard deviation units, the linear direct ordination
method, redundancy analysis (RDA) was consequently employed. These environmental variables
from 44 lakes captured 32.9 % of the total variation in the species compositionfofsili{Figure
3.3). The eigenvalues of the RDA for thé and the ¥ axi s
respectively. The first axis accounts for 81 % of the constrained variability and the second axis
explained 8 % of the discerned variation. According to significance test only axis 1 was the significant
axis (p<0.001). A8 1 was correlated with salinity and PVI whereas axis 2 was positively correlated
with Secchi/Max Depth and negatively correlated with fish abundance and total phosphorus (Figure
3.3). A.rectangula/gutataArecgut) was positively correlated with axis 1 dontrastB.longirostris
(Bosm) was negatively correlated with axis 1. It was suggestthettangula/gutatdolerates high
salinity whereasB.longirostris prefers low salinity environmeniC.sphaericus(Chyd), L.leydigi
(Lleyd) andL.acanthocercoidef_acanth) were negatively correlated with axis 2. Thus, these species

can be found in eutrophic lakes with high TP and low Secchi/Max Depth.
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Figure 3.2. RDA of 44study lakes and sedimentary cladoceran samples with the environmental
variables.

Monte Carlo permutation test for RDA revealed that salinity (p<0.001) and Secchi/MaxDepth
(p<0.05) were the minimum set of environmental variables that could explain the greatest amount of
variation in the data set (Table 3.3).

Table 3.3.Results of Mate Carlo permutation test of RDA for the 44 study lakes.

p-value % variance explained
Salinity <0.001 17
Secchi/MaxDepth <0.05 8

As a result, salinity explained the most variance, suggesting that Cladocdossigcan be
used to developtrong inference models to reconstruct lake past water salinity.

The species distribution in the RDA ordinations showed lthaydigi, L.acanthocercoides
Daphniaspp.,C.sphaericusMoina spp. andA.harpaeappeared to prefer conditions with high sajinit
(Figure 3.3). The macrophyte and benthic associated sp&giestangula/gutateseemed to prefer
clear water conditions with low nutrient concentrations. The relatively Jsimgel species
E.lamellatus Simocephalusp., Daphniaspp., E.lamellatus,and G.testudinariaappeared to choose
turbid waters even these lakes had high fish abundance.

3.3.4. Calibration set

Calibration data set with squareot transformed biological and untransformed salinity data
were used for developing stibssil Cladocera Ised transfer functions in order to infer past salinity
change of the Turkish shallow lakes. The whole data set with 44 lakes were used for inference models.
Summary statistics of fourth component weighted averaging partial least squarePLEVH,
weightal averaging tolerance down weighting (WA inverse deshrinking models based on 44 lakes
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were given in Table 4. W& model did not contribute 5 % improvement of RMSEP although;- WA

PLS4 model resulted in an optimal performance wibf 0.74 and RMSEPfo 1. 02 & (Tabl e
Thus, WAPLS4 model had better predictability and higher coefficient of determination than the

models using WA. However, WA method was used to estimate the salinity optima and tolerance

values for 26 cladocera taxa. Among the 26 tdkgocryptus spp., Disparalona rostrata,and

Eurycercus lamellatusiad the lowest salinity optima of 0.09, 0.10 and 0.10, respectively whereas
Leydigia acanthocercoides, Alona rectangula/gutata, Acroperus harpei, Simocephaltisydorus
sphaericusand Leydigia leydigihad the highest salinity optima of 1.16, 0.84, 0.82, 0.75, 0.74 and
0.66, respectively (Table 3.2). All other taxa he

Table 3.4. Root mean square error (RMSE), root mean square error of predi®ISEP),
coefficient of determinationrf) and % reduction in root mean square error of prediction (% Change)
of 44 lakes data sets.

Model RMSE RMSEP r? % Change
WA o~ Inverse deshrinking 0.14 0.18 0.53
WA-PLS-4 0.65 1.02 0.74 8.4

3.4. Discussion

The environmental variables collected from 44 study lakes and cladoceran species
composition in the lake surface sediments demonstrated that salinity is the most significant parameter
to discern surface sediment cladoceran assemblages.

Lakes were groupethto three according to Beklioglu et al. (in prep). The first group was
composed of lakes characterized as eutrophic and had high concentrations of TP and chirophyll
while the second group included lakes with clear water and high PVI %. Some ofdhd geaup of
lakes were characterized by having high fish biomass while having high PVI %. Among which one of
the group was characterized by being saline which were all southern inland lakes. Because of higher
evaporation than precipitation ought to be thason for these lakes becaming saline (Moss, 1994;

Jeppesenetal.,199d) ong with human hydrol ogi cal alteratior
inland southern lakes had been under the influence of anthropogenic affects such as, low underground
water table as a result of intense irrigation (Ye

Salinity and water clarity (Secchi/MaxDepth) were important variables influencingosstb
Cladocera assemblages in Turkish shallow laatinity explained the most variance, suggesting that
Cladocera sub fossils can be used to develop strong inferaadels to reconstruct lake water
salinity. Cladocerans are sensitive to salinity unlike other zooplankton they are largely restricted to
freshwater habitat§Dodson 2001) An increase in salinity in freshwater ecosystems affects the
dynamics and abundance of cladocerans (Bos et al., 1999, Amsinck et al., 2005, Brucef@9®)al., 2
because of their physiological intolerances (Jeppesen et al., 8alidiJy controls both cladoceran
species richness and species composition (Hobaek et al. 2002, Green, 2005).

Our findings support those of Bos et al. (1999) who showed salinite to key predictor of
Cladocera species composition in Interior Plateau of British Columbia. Moreover, in coastal brackish
lakes cladoceran species richness also declined with increasing salinity (Amsinck et al., 2005, Brucet
et al., 2009). RDA ordinations showed thatL.leydigi L.acanthocercoides Daphnia spp.,
C.sphaericusMoina spp. andA.harpaeappeared to prefer conditions with high salinity. These taxa
were similar with previous studies on cladoceran community structure with salinity in both fresh and
brackish water lakes (Amsinck 2005; Bjerring 2009; Bos et al. 1999). Furthernighe sdlinity
preference oflL.acanthocercoidesgnd L.leydigi were shown by Amsinck et al. (2005) this is in
accordance with our findings.

The macrophyte associated spectasystalling A.nang Camptocercusp., G.testudinarius
andA.harpeiseemed to prefer clear water conditions with low nutrient concentrations. Bjerring et al.
(2009) also stated that macrophyte associated taxa were found in lakes with low nutrient

concentations intheir54 PaBur opean | akes comparisionsd study.
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The largesized speciek.lamellatus Simocephalusp., andDaphniaspp. appeared to choose
turbid waters even these lakes had high fish abundance. This situation contradicts vegbesihee
fish predation (Brooks and Dodson, 1964; Kitchell and Kitchell, 1980). Although these lakes had high
fish abundance, water turbidity became as refuge for cladocerans against fish predation (Horppila et
al., 2004; Nurminen et al., 2008). Furthermore, tuthideems to be a critically important refuge for
large cladocrans from high fish predation in Turkish shallow lakes(Bam o g | u, 2012) .

Results from the inference model suggested that cladocera assemblages from lake surface
sediment were potentially well suited for reconstructing salinity in Turkish shallow VdReBPLS4
model based on 44 lakes produced more reliableené& model having low RMSE and higher
r2.These values were stronger than Cladosatimity inference model (Bos et al., 1999) of 33 British
Columbian lakes in Canada and 36 shallow coastal brackish lakes study in Denmark (Amsinck et al.,
2005).

In conclugon, to the best of our knowledge the current study proceed the inference models
with the better predictability and reliability compared to the earlier approach by Bos et al. (1999) in
freshwater lakes. Our results indicated that Cladocera assemblagaveuida lake sediments were
reliable and sensitive indicators of lake salinity. Cladoceranfaagils can be a useful tool in the
paleolimnological reconstruction of salinity in shallow lakes, which may help interpret past changes in
climate.
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CHAPTER 4

HINDCASTING OF CLADOCERA -BASED SALINITY TRANSFER FUNCTION USING
LONG TERM MONITORING DATA IN TWO INTERCONNECTED SHALLOW
ANATOLIAN LAKES

4.1. Introduction

Lake levels change via precipitation and temperature fluctuations. Recent studies raported
decreasing trend of precipitation in Tubadney (T¢r
lakes are sensitive to lake level fluctuations driven by climatic changes along with anthropogenic use.
Turkish shallow lakes are influenced by Mediteran climatic conditions and lake water levels
change annually from 1 m to 3 m depending on local conditions and also anthropogenic uses
(Bekliojlu et al ., 2001; Bekliojlu et al ., 2006
change predictions, Miterranean region will receive ZZB % lower precipitation and extreme
drought will be expected as a result of high evaporgi&orgi, 2006).In addition to global climate
change effects, water level decline in lakes triggered through long term dpmrgids may result in

salinization (Bekliojlu and Tan, 2008) . Furtherm
lake ecosystems through changes in nutrient level, light availability, biological relationships and
primary production (Blindow, 1992 Be k!l i oj Il u et al ., 2001; Tan and

Cladocerans are sensitive to anthropogenic and natural forces in lakes and their catchments
(Manca et al., 2007). Therefore, sidssil remains of the cladocerans in lake sediment are indicators
of past @vironmental changes (Frey, 1986; Jeppesen et al., 2001; Korhola and Rautio, 2001). Thick
chitinousshelled forms (i.e. Chydorids) of Cladocera are well preserved in lake sediments whereas
thin-shelled taxa (i.e. Daphnids) are preserved as small parsictds as post abdominal claws and
resting eggs. Body length and habitat preferences of Cladocera are important properties to infer
changes in sizeelective predation, changes in trophic structure, habitat alterations (Frey, 1986;
Jeppesen et al., 2000; Batt et al., 2007). Salinity is an important ecological controlling factor for
zooplankton (Amsinck et al., 2005). In general, species richness and diversity decline with salinity
increase (Frey, 1993; Bos et al., 1999; Boronat et al., 2001, Brucet 20@9) because of their
limited osmoregulation capacity (Aladin, 1991). Moreover, contemporary studies showed that top
down effect on zooplankton is higher in high saline lakes compared to freshwater lakes (Jeppesen et
al.,1997;Takanoj | u, 2012) .

Monitoring programs can provide valuable information on the development of water bodies
as well as their response to environmental changes, but are usually restricted to the past few decades.
Especially in Turkey monitoring programs asearce. Paleolimnological data can provide useful
informationabout lake ecosystems prior to the monitoring programs (Anderson and Battarbee, 1994).
However, validation of paleolimnological research is rarely tested. There are two ways, direct and
indirect for hindcasting the paleolimnological inference models (Hauptfleisch et al., 2012). Indirect
way uses surface sediment microfossils to correlate contemporary biota of the lake as in Chapter 2
then uses this relationship in doware microfossil assemblag. Direct way uses long term
monitoring of the biota and dated sediment sequence (Anderson, 1995). For instance, Manca et al.
(2007) described the changes in trophic structure in Lake Maggiore, Italy from 1943 to 2002 by
studying sukfossil cladoceran asmblages and body size distributions. They validated their results
with longterm plankton studies in the lake and found a good correlation between inferred trophic
changes and contemporary data. Furthermore, Hauptfleisch et al. (2012) used Chironomid and
Cladocera microfossils in sediment cores from Lake Myvatn, Iceland to examine food web
fluctuations and biomonitoring data since 1975. This study showed good correspondence between
these two dataset and gave the opportunity to explore the long term faotistery of the lake
ecosystem.

The present study reveals the results of a paleolimnological investigation of two
interconnected shallow lakes in Central Anatolia, Lake Mogan and Lake Eymir. The objective was to
elucidate whether sulossil cladoceran pecies in sediment cores could be used to describe the
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historical changes in the salinization of the two lakes. Moreover, chandé®lrdated sediment
records of the sufpssil cladoceran community and cladoceran inferred salinity data compared with
existing long term monitoring data includimpdysical (water level, etc.), chemical (total phosphorus,
etc.) and biological variables (zooplankton, fish, et€Jakes Mogan and EymiThese lakes are two
ideal interconnected sites for conducting a comparattudy of paleolimnological and limnological
data because of the availability of 15 years monitoring data.

4.2. Materials and Methodologies
4.2.1. Study Sites

Lake Mogan (3%6'05"N; 3947'33"E) and Lake Eymir (899'32"N ;3949'54"E;) are two
shallow lakes located in the Central Anatolia, 20 km south of the metropolitan city of Ankara, Turkey
(Figure 4.1, Appendix A). Lake Mogan occupies an area of 5%vth elevation of 973 m. The
mean depth of Lake Mogan is 2.8 m with maximum depth reachimy. Lake Eymir, located
downstream from Lake Mogan, is relatively small with a surface area of 1.2%ikmelevation of
968.5 m. The mean depth of Lake Eymir is 3.1 m with maximum depth reachingl&eraurface and
ground water runs through a wetlandated at the northeast of Lake Mogan through Lake Eymir. The

main inflows of Lake MOJawaaEe aGlll YakruBakedbemoks an
and Dikilitak reservoirs are situated at the wupstrear
Eymir and the Lake Eymir runs out to the Kmrahor Cre
inlows of Lake Eymir mostly dries out in summer seasons
in addition; groundwater | evels have been decreasing
lakes majority of the lake volume were lost per year asd resu of evaporati on et
resulting salinity increase.

Semtarid climate conditions exist in the study sites and it is characterized as high
precipitated winters and hot and dry summers. The driest period is from June to September. According
toG°l bakée meteorological stati on, average precipitatdi

11. 9N8. 4AC obtained from the data bet ween 1980

2011). According to water level, there were two periods were oleskin both Eymir and Mogan

(¥zen et al ., 2010; Tavkanoj |l u, 2012). The dry

low water level (LWL) period and the years in between resulted the high water level (HWL) period in
both lakes.
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Figure 4.1.Thelocation of Lakes Eymir and Mogan.

Lake Eymir received raw sewage effluents over 25 years until the sewage diversion was
carried out in 1995 (Alténbil ek, 1995; Bekliofl
loading of total phosphorus 89 %. However; water clarity was not recovered fully. During the
period of 1998 to 1999, fifty percent of planktivorous figtin¢a tinca,Linnaeus 1758 an@yprinus
carpio,Linnaeus 1758wer e t aken out and pi ke fi s hAfterthe was bar
first fish removal year, the water clarity recovered and submerged macrophytes coverage increased
from 2.5 % to 380 %. Five years later, the recovery started to decline through extended drought with
increasing nutrient concentrations througternal mechanisms and increasing fish biomass to the pre
bi omani pul ati on l evel (Beklioglu and Tan, 2008;
biomanipulation started in 2006 and still continues.

Previous studies found that Lake Mogan was a cleaerwake with high macrophyte
coverage (Burnak and Bekliojl u, 2000) and very
2003a; Zhang et al ., 2003b) . In Lake Mogan, thou
community of lake shifted fronEsox lucius Linnaeus 1758Tinca tincg Cyprinus carpio , and
Siluris glanis Linnaeus 1758 to exotic and invasive spe&esudorasbora parvéTemminck and
Schlegel, 1846) and dominated with dissaperance
¥¢CKK, 2002; Akbulut and Ak b uAceotding t@niofitdring dstatheav and
the most abundant cladocerans are large ddagghnia magnaandD. longispinaalso Ceriodaphnia
sp. andDiaphanasoma lacustrigKorinek, 1981) whereashe smdl sized Chydorus sphaericys
Bosmina longirostrimnd Alona spp. @. rectangulaSars, 1862 and. affinisLeydig, 1860) had very
|l ow bi omass (Tavkanoj |l u, 2012) . Mo D.enmagne D., i n 2C
longispinaandDiaphanasoma c hi eved t he maxi mum biomass (Tavkan

In Lake Eymir, the dominant cladoceran taxa were the {sizgel D. pulexand D. magna
during the low fish predation years. In additi@iaphanasoma brachyurunCeriodaphniasp. and
small sizedChydorus sphaericyud. longirostris Alona sp. andPleuroxussp. were identified in the
|l ake (Tavkano] | wmoniofin data.sincA t987¢ durihg theglowtwater level period
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D. magnaexhibited major increase in accordance with the high salinity values and less fish abundance
as a result of the fish biomanipulation afford in contiastpulex did not display simila trend.
Furthermore Ceriodaphniawere found in high water level periods whildaphanasomaand small
cladocerans did not show this relationshif avkanojl u, 2012).

4.2.2. Monitoring

From 1997 to present day, water samgtastotal nitrogen (TN), total phosphorus (TP),
soluble reactive phosphate (SRP), alkalinity analyses zooplankton, phytoplankton; chloroph#ll
were taken at the deepgsiint of each lake from depth integrated, from the water column by using
water sampler (between 2007 and present day) and tube sampler (between 1997 and 2007) and
conductivity and salinity were measured by using Orion conductivity meter in the laboraftenry.
2007, salinityeq &Y pH, dsswlned oxggen (mgDtayd temperaturd®) were
measuredn situby using YSI 556 multiprobe field equipment.

Percent plant coverage were estimated by doing parallel transects along the each lake and
collecting submerged macrophyte datreover, Plant Volume Inhabited (PVI %) was calculated by
using the equation below.

% PVI= (%coverage * average plant height) /water depth.

In Lake Eymir, fish surveys were completed using rulish gill nets (100m length and
3.5m height nets with 7, 92, 16, 22, 25, 36, 42, 55 and 65 mm mesh sizes) between 1997 to 2007.
After 2007, in both lakes, fish surveys were performed with anodtsh Lundrens gill nets with
dimensions of 30 m length and 1.5 m height and mesh sizes of 5.0, 6.25, 8.0, 10.06.5219.5,

24.0, 29.0, 35.0, 43.0 and 55.0 mm. The nets were set parallel to the littoral and pelagic zone
overnight with average duration of 12 hours. Fish data were measured as total length and weight.

Water level change data were taken from the Gerenadctorate of Electrical Power,
Resource Survey and Development Administra(iok K E , 2011) . I n order to identi
periods, zscores were calculated-s€ore is a statistical method which indicates how many standard
deviations are below the mean (negative scores), above the mean (positive scores) or equal to the
mean (@rten and Adrian, 2000). Subtracting the mean value from the observed data and dividing the
residual to the standard deviatiors@res were calculate®ositive zs c or e repr esent Ahigh v
l evel ( HWL) 0 wdca@aseaal su ense graet pi rgees d retv el | o ik WiL3) to .

The meteorological data were obtained from Turkish State Meteorological Service (MGM,
2011).

METU Limnology Laboratory have accomplished the monitoring of lakes Eymir and Mogan
since 1997 by under the supervision of Prof.Dr. Meryem Bekliou Yer | i . As a result, for
monitoring data were retained from the METU, Limnology Laboratory database. This monitoring
database were already used and will be used for different studies and thesis by M.Sc. and PhD
students of METU Limnology &boratory.

4.2.3. Paleoecology

In 2008, sediment coring was conducted using aD€@mark Kajak Corer with 100 cm
Plexiglas tube. The sediment cores were sectioned in the field at 1 cm intervalfsSub
cladocerans were analyzed very five centimedteng the core and every centimetre at the top 10 cm
to infer past salinity, using weighted averaging regression and calibration as described in Chapter 3.

The sediment cores were dateyl measuring the constant rate’dPb supply (CRS)The
samples ha been analysed for the activity 0fPb, ***Ra and*'Cs via gamma spectrometry at the
Gamma Dating Center, Institute of Geography, University of Copenhagen. The measurements were
carried out on a Canberra ldvackground Germanium walletector.”*Pb wa measured via its
gammapeak at 46,5 ke\?*Ra via the granddaught&fPb (peaks at 295 and 352 keV) aff€Cs via
its peak at 661 keV.

4.2.4. Data Analyses

In order to identify major zones in the two cor@strended Correspondance Analysis (DCA)
ard Principal Component Analysis (PCA) were performed usingfesdil Cladocera abundance data
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from each depth to identify the changes in the cladoceran records. PCA was used if the first axis
gradient length in DCA ordination was < 2 standard deviatiersKtaak and Prentice, 1988). The
scores of PCA were plotted against each depth along the core. Zones were distinguished with the
changes of the scores along the core. Ordinations were carried out using the vegan package (version
2.0-1) in R program (Versin 2.12.2).

Weighted averaging (WA), weighted averaging with tolerance down weighting,§\W#th
both inverse and classical deshrinking and weighted averaging partial least squarédl $)VA
regression models were applied to calibration data set whidaiesg@ in Chapter 3 to infer past
salinity changes using the program C2 (Juggins, 2003). The optimal model was selected using their
coefficients of determinatiorr), root mean square error (RMSE) and by the root mean square error
of prediction (RMSEP). Rdicted values and RMSEP were obtained by bootstrapping- cross
validation for WA and W4, models and by leave one out crasdidation for WAPLS model (Birks,

1995). Additional components for WRLS models were considered useful if they gave a reduiction

the prediction error of at least 5% (ter Braak and Juggins, 1993; Birks, 1998). After the determination
of the inference model, the model was applied to the cladoceran species abundance data from the core
to identify salinity changes from past to presen

Fish predation pressure index on cladocerans was estimated using the Bationgfirostris
to sum ofDaphniaspp. andB. longirostrisaccording to Kitchell and Kitchell (1980). The ratio of
pelagic/littoral cladoceran species was used to qualitpathezonstruct past changes in lake levels
(Alhonen, 1970; Hofmann, 1998).

Detrended correspondence analysis (DCA) was applied to determine whether linear or
unimodal ordination techniques was the most appropriate to qualitatively estimate the historical
changes in environmental variables such as, salinity,dfighplant volume inhabited (PVI), total
nitrogen (TN), total phosphorus (TP), and Secchi/Maximum depth. The analysis compared species
abundances from the sediment core with the-fegbil clad@eran abundances from the surface
sediment calibration set from 40 lakes. The-fsgsil cladoceran abundances from surface sediment
were used as active samples in the ordination whereagossib cladoceran abundances from
sediment core were used as deprentary (passive) samples. Therefore, the sediment core samples
were arranged in a line on an ordination plot in order to estimate past environmental conditions of
Lakes Mogan and Eymir. All ordination analyses were completed using CANOCO version.5 wit
Hellinger transformed cladoceran and transformed environmental data.

Pearson correlation analyses were performed between monitoring and paleolimnological
datasets. SigmaStat 3.5 was used for correlation analyses and the pairvalitesplower than.05
accepted as significant correlation.

4.3. Results
4.3.1. Long term monitoring of Lakes Eymir and Mogan

There were two periods observed according-socares in both lakes, low water level (2001,
20052009) and high water level (192000, 2016presnt) years (Figures 4.2 and 4.3). During the
low and high water level periods, there were changes in physical, chemical and biological variables in
both lakes.

Lake Mogan

According to Pearson correlation, annual precipitation was positively correldtetcas
salinity was negatively correlated with the water level changes in Lake Mogan (p=0.01; Table 4.1).
Decrease in water level triggered the salinity increase of the lake; for instance, except the first low
water level period in 2001, salinity was lowoiin 1997 to 2005 since the water levels were high
(Figure 4.2). However, in the second low water level period salinity increased almost two fold. Then,
with the increase of water level, salinity decreased again (Figure 4.2).
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Table 4.1. Pearson correlein of long term monitoring data of Lake Mogan. The numbers are
correlation coefficients and the bolds are the significantly correlated variables (*: p<0.05 and **:
p<0.01).

g 2
sE 2 M
= @ ) c~
c Q = o~ < n =
() © 7] ©
s =& T B
Zscores 0.52* 1.00** -0.47 -0.62*
Annual prec.(mm) 0.53* -0.37 -0.19
Water level (m) -0.44 -0.61*
Fish (CPUE) 0.54

In Lake Mogan, fish survey started in 2007. The highest cpue (481 individuahiget")
was found in the low water level period in 2009 (Figdr®). After 2009 it decreased 24individual
net’ night and again it increased to 121 individualheitght* in 2011. When the fish cpue was high
in 2008 and 2009, the abundance of large Cladocera decreased whereas small Cladocera increased
(Figure4.2).

2007

2006+ LWL
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2004+

2003+

2002+

2001+ LWL

2000+

1999+

1998+

11 1
-2 0 233 48 200 600 971.0 974.01 20 50100 O 50 100
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Figure 4.2.Environmental parameters of Lake Mogan from 1997 to present.
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Zooplankton survey in Lake Mogan started in 2000. Ssia#d Cladocera assemblage
(Alonasp., Chydorus sphaericus O. F . M¢ | Moma sp, Bdsihidablongirostrig O. F . Ml I er,
1785) Diaphanasoma lacustriKorinek 1981)and Diaphanosomasp.) was generally abundant in
LWL years except in 2007 when cpue was individual net' night! (Figure 4.2). Whereas in high
water level years, large bodied Cladocebmghnia longispinaO. F . M¢ I | e Daphnia 8 7 5, ar
magna(Straus, 1820)) dominated the cladoceran community.

Lake Eymir

According to Pearson correlation, evaporation and salinity were negatively correlated with
water level in Lake Eymir (p=0.04; Table 4.2). Watvel decrease triggers an increase in salinity of
the lake; for instance, except the first low water level period in 2001, salinity was low from 1997 to
2005 since the water levels were high (Figure 4.3). However, in the second low water level period
sdinity increased almost two fold. Then, with the increase of water level, salinity declined (Figure

4.3).

Table 4.2. Pearson correlation of long term monitoring data of Lake Eymir. The numbers are
correlation coefficients and the bolds are the signitigacorrelated variables (*: p<0.05 and **:

p<0.01).

= ~ © m c
= E 3 oY -
s & sE &) -
> o > o Q -
<3 s =E i %
Zscores -0.54* 0.36 0.75** 0.11 -0.76**
Annual evap.(mm) -0.45  -0.70* -0.35 0.42
Annual prec.(mm) 0.43 0.05 -0.03
Water level (m) 0.33 -0.53*
Fish (CPUE) -0.40
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Figure 4.3.Environmental parameters of Lake Eymir from 1997 to present.

In Lake Eymir, there were two biomanipulation periods, in 19989 and from 2006 to
present day. In 1999, fish abundamest" night* was decreased, however; in 2001 fish abundance
reached the highest value (613 individual'neight) . According to Tavkanojlu (201
catch per unit was a result of the high number of seia#id bleak and the young of the yeafter
2001, fish (cpue) decreased till 2005 and reached another peak (Figure 4.3). After this peak, the
second biomanipulation started in 2006 and one year after, fish (cpue) reached the lowest value (6.8
individual net* night*; Figure 4.3).

Zooplankon distribution in Lake Eymir was mostly related to biomanipulation efforts.
Smaltsized cladoceransD{aphanasoma brachyurumCeriodaphnia sp., Chydorus sphaericys
Bosmina longirostris, Alonap. andPleuroxussp.) were abundant between 1997 and 198&veards
the abundance decreased following the biomanipulation in-1998 (Figure 4.3). After 1999, large
sized Cladocera such Bs magnaandD. pulexbecame dominant towards present day.

4.3.2.%%p Dating

The core showed surface contents of upsued?°Pb of about 370 Bq kbfor Lake Mogan
and 140 Bq kg for Lake Eymir and the activity generally decreased exponentially with depth
(Figures 4.4 and 4.5). However, the profile is quite irregular in both lakes. The calculated flux of
unsupported'®Pb was 164 Bq ihy™ for Lake Mogan and 277 Bqfy™* for Lake Eymir which were
higher than the estimated local atmospheric supply (based on data shown in Appleby, 2001). This
shows that both sites were subject to sediment material movement fromwenatiadeeper zones of
the lake by water turbulence.

In Lake Mogan significant activities f’Cs were found down to a depth of about 40 cm and
a relatively high activity above 30 cm (Figure 4.4). TA&s peak at around 15 cm related the
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Chernobyl radiactive activity occurred in 1986. In Lake Eymir significant activities’dEs were

found in all samples. Precise dating of the core was hampered due to the irregular profile of
unsupported*®Pb. The profile of*'Cs showed clear signs of leaching ahd thronology based on
2%Pph can therefore not be verified by use of this isotope; howevel?’@e peak at 20 cm could
correspond with Chernobyl activity in 1986 (Figure 4.5).

Precise dating of the core is hampered due to the irregular profile of porsegh®*Pb.
Sedimentation rates were calculated as 2.1 %ghfor Lake Mogan and 1.7 kgfy™ for Lake Eymir.
CRSmodeling (Appleby, 2001) has been applied on both lakes profilé" ¥ dates were calculated
as in Figures 4.6 and 4.7. Based on thisndg), the levels with significarlt’Cs activities were dated
back to as early as the beginning of the 20th century. Thus, due to the irregular profile of unsupported
21%p the chronology and significant disturbance of the sediment, datings can onlyabgedeas
indicative.
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4.3.2. Cladoceran stratigraphy
Lake Mogan

12 cladoceran taxa were identified in the core. Based on the PCA analysis axis 1 scores, the
record can be split into three tligt zones (Figure 4.8). Zone 1 (55-&h cm; ca. 1860930) was
dominated by macrophysediment associated taxa an@hydorus sphaericusand Alona
rectangula/gutatawere the most abundant species. Pelagic taxa were rare in zoneBbsmiha
longirostrisincreased at the onset of zone 2. The total cladoceran abundance of zone 1 was composed
of the abundance of chydorids and it decreased after 45 cm (Figure 4.9 B). In addition to
B.longirostris in zone 2, pelagic speci@aphniaspp. andMoina sp. were iéntified. Macrophyte
sediment associated taxa remained constant except the disappear@areptdcercus rectirostris,
Pleuroxusspp. andAlonella exigua(Figure 4.8). During zone 3, the abundance of total cladocera
increased sharply at 5 cm (Figure 4.8pr the first time the macrophyte associated cladocera,
Simocephalusp. was identified anéleuroxusspp. reappeared in zone 3 (Figure 4.8). In zone 1,
benthic taxa were abundant whereas pelagic species were rare thus; pelagic/littoral ratio was low
(Figure 4.10). In accordance with the increase of pelagic taxa in zone 2, pelagic/littoral ratio
increased. In zone 3, at43cm there was a peak of pelagic species. This peak could be also observed
in measured water level and pelagic/littoral ratio (Figur®$.The estimated fish predation pressure
on cladocerans was higher in zone 2 and it decreased in zone 3 after 7 cm (Figure 4.10). The highest
peak of the abundance of cladocera aftem&an be explained by that decrease of predation pressure.
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Figure 4.8.Cladoceran biostratigraphy of Lake Mogan for inferring salinity.
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Lake Eymir

A total of 11 cladoceran taxa were identified. Likewise in the Lake Mogan short core, three
zones were determined by PCA analysis (Figure 4.11). Zone 1 (&P am; ca. 1861930) was
dominated by pelagic taxB. longirostrisand Moina sp.; macrophyte and sedimesdsociatedC.
sphaericus, A. rectangula/gutatand Pleuroxus spp. and sedimentary species leydigi while
macrophyte associated taxa were absent. Furthermore, at the bottom of the core pelagic cladocera
Daphniaspp. was identified then disappeared umihe 2 from around 1900 to 1980s (40 trit5
cm). Total cladoceran abundance was very high in zone 1 whereas chydorids were moderately
abundant (Figure 4.9 A). Among pelagic cladocera®songirostris and Moina sp. abundance
decreased in the zone 2, in tstDaphniaspp. abundance increased. For the first time macrophyte
associated taxdraptoleberis testudinariappeared in zone 2. During zone 2, macropisgiment
and sediment associated species remained the same as in the zoneCeriataphniasp. and
Leydigia acanthocercoidesppeared for the first time (Figure 4.11). The abundance of total cladocera
decreased while the abundance of chydorids slightly increased (Figure 4.9 A). Cladoceran species
richness remained the same along tleee 3 howeverat 6" cm there was an abrupt decrease in total
abundance and most of the chydorids were disappeared (Figures 4.11, 4.9A). Towards the present day
total cladocera abundance increased. The fish predation pressure index indicated an overall higher
predation on cladocerans during zone 1 and zone 2, followed by a distinct decline at the onset of zone
3 (Figure 4.12). In zone 3, from ca 1992 towards present day overall fish predation increased.
Pelagic/littoral cladocera ratio suggested high water level peiiodone 1 then a gradual decline till
1970s in zone 2 when macrophyte associated species first appeared (Figure 4.12). Thereafter the
pelagic/littoral ratio increased with a peak at 8m (late 1990s) andZ cm (ca. 2005), followed by a
decline in thetop sediment core (Figure 4.12). Except the peak-atcin pelagic/littoral ratio
followed the monitored lake level changes.
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4.3.3. Ordination

Ordination by DCA based on calibration set data resulted gradient lendt8fS.D., the
first and second DCA ordination axes explained 65 % of the cumulative variation of the data. Thus,
linear method, RDA was employed to qualitatively estimate the historical changes in environmental
variables.

Lake Mogan

When plotting LakeMogan core sample scores from RDA ordination by using cladoceran
abundance data from each depth with environmental variables from calibration set, a clear
differenciation between the zones was observed. The distribution of the Lake Mogan core samples
relatve to the environmental vectors in the RDA ordination indicated a shift towards salinization and
eutrophication (Figure 4.13Furthermore, in zone 1, PVI and water clarity seemed to have retained
overall relatively high levels with a decreasing trendag present day.
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Figure 4.13.RDA plot with sedimentary Cladocera sfdssils of Lake Mogan. Blue dots represent
the zone 1, orange dots represent the zone 2 and red dots represent the zone 3.

Lake Eymir

As in Lake Mogan, the distribution of thbake Eymir core samples relative to the
environmental vectors in the RDA ordination indicated a shift towards salinization and eutrophication
(Figure 4.14). In addition, figk..) shaped lake ecosystem relatively high levels with a decreasing
trend towads present day. Moreover, pt@omanipulation years which corresponded the core depths
of 1-2 and 45 cm showed high figh,.)abundance.

54



Figure 4.14.RDA plot with sediment core samples of Lake Eymir. Blue dots represent zone 1, orange
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4.3.4. Cladoceran Inferred Salinity (CFSalinity) Model Application

0.8

Weighted averaging (WA) and weighted averaging partial least squaresPOSA
regression models were applied to calibration data set of 44 |ekegever, according to low

coefficients of determinatiorr?), high root mean square error (RMSE), high root mean square error
of prediction (RMSEP) and >5 % reduction in the prediction error, four outlier high saline lakes

(Erikli,

using 40 lakes was chosen as final model for salinity inference (Table 4.3). Observed salinity,

GebeBardemaBhar wer @

aertoved
PLS models were run again by using 40 lakes. According torhigh63), low RMSE and RMSEP
(0.26 and 0.36, respectively) and high % (6.43 %) change in the prediction errePL8/Anodel

from

t he

estimated salinity, residuals and WAPLS scores can be found in AppendixeQransfer function
equation ighe inverse function of the regression below

y=0.738x+0111 (where y is observed salinity; x is estimated salinity)

Table 4.3.Salinity inference models based on 25 cladoceran taxa with 44 lakes and 40 lakes.

Number of Lakes Model RMSE r? RMSEP %Change t-test
44 WA-PLS 0.75 0.66 1.13 2.38 0.39
44 WA 1.04 0.37 1.13
40 WA-PLS 0.26 0.63 0.36 6.43 0.21
40 WA 0.32 0.44 0.38
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Lake Mogan

The improved transfer function developed from the 40 lakes dataset was applied to a short
core from Lake Mogan. E€$alinity shows similar increase along the core and @l@racterised by
three zones (Figure 4.8). In zone 1, the averagé €1l i ni ty was 0.7 & and the | ow
C.rectirostris( 0 . 2 Pleuoxuss p . ( 0. 3lbnela ¢xigean@. 37 &a) were only identi
this zone (Table 3.2; Figure 4.8one 2 was characterized by an increase eS&linity. The average
value increased to 1.3 a.-sedtimegttasscxiatddisphaeticyg1.2 ol er ant ma c
a) a A.cbctangula/gutata ( 11 . 4 a) and s e dl.legaign t(( 1 .als s @Qi aaed
L.acanth@ercoides( 1. 4 &) were found abundantl y (Table 3. 2;
abundance oB.longirostrisdecreased gradually from the onset of zone 2 towards zone 3. From 10 cm
to the top of the sediment sequence, zone 1, the inferred salinitywcentin t o i ncrease from 1. 2
2.2 a wi t h increased abundances o fC.sphakrigus, sal i nity
A.rectangula/gutata, L.leydigindL.acanthocercoide@~igure 4.8).

Monitoring the lake water salinity was started on 1997 and betW66i and 2004 the
average salinity was measured as 1.2 a. After 2004,
and almost doubled its valueth0 08 reaching 2.5 a (Figure 4.8). Mor eo
Akbulut (1998) measured conductivity in 1993, 1994 ar
Cl-Salinity pointed out similar values as measured salinity and it can be examined ih @&gare
4.8). Pearson correlation analysis gave significant (p=0.02) relationship between measured salinity
and inferred salinity. Furthermore, water level measurements were negatively significantly correlated
both with CtSalinity (p=0.01) and measuredlinity (p=0.005).

Lake Eymir

The improved transfer function developed from the 40 lakes dataset was applied to a short
core from Lake Eymir. Cladoceran inferred salinity -@&2linity) shows some variation as in Lake
Mogan along the core and was derised by three stages (Figure 4.11). From the bottom of the
core to 40 c¢m, |l ake salinity was |l ess than 1 a. Af ter
The salinity increase was synchronized with the abundance decrease of low salimdnt tole
B.longirostris( 0. 37 ®Q9inasamd (0.57 a) and also the abundance i
tolerantLeydigia leydigi( 1 . 1 &) in zone 2 (Table 3. 2; Figure 4.11)
continues to its moni thnaonedd present day value (~2 a)
The salinity measurements were started in 1997 and between 1997 and 2004 average salinity
was 1.1 a. After 2004 salinity started-Sdlmtyi ncreased a
indicates that salinity was higher and averageinfee d sal inity was 1.8 & in past d
insignificant correlation between Qalinity and measured salinity (p=0.6). Moreover, water level
measurements were significantly correlated with measured salinity (p=0.008) whereas not correlated
with CI-Salinity (p=0.9).

4.4. Discussion

The welldocumented long term monitoring programmes in Lakes Mogan and Eymir created
an opportunity to compare monitoring and paleolimnological rec@®dsh a comparison revealed
that the concentration afubfossil Cladocera in the sediment reflectda previousabundance of
Cladocerain the lake. Comparison of variables from the monitoring years and the reconstructed
salinities indicated that the sediment record reflected the known lake salinity history faiirlyittea
good linear correlation. In general, the dabsil cladoceran record captured salinity changes known
from the monitoring programme. Suéihding showed thathe lake ecosystem fluctuationsould be
tracked beyond there-monitoring years by usg paleolimnological methods.

In Lake Mogan, according to monitoring results, water level changes triggered salinization
and eutrophication, controlling the cladoceran community. The zones identified frofiossilb

cladocera reflected the known saliriza on hi story of Lake Mogan. For i N
Karabatak (1974) measured Lake Mogan salinity as 1. 4
inferred salinity of 1.45 a in 1971.
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Zone 1 (ca. 1860930) was dominated by taxa typically associaréth macrophyte and
sedimentmacrophyte and also the pelagic/littoral cladocera ratio was very low. This assemblage
suggested low water level conditions and thus, high salinity values expected. Whereas the average Cl
Salinity in zone 1 was the lowest afpthe core and the low salinity tolerahtrectirostris( 0. 22 a) ,
Pleuroxuss p . (0. Abexigup( OamBd7 a) were only identified in
also initiated similar salinity tolerant values for these taxa suclCasectirostris(0 . 23 &) and
Pleuroxuss p . (0. 26 @&)exiguMasridentified in low saline (06823 &) streams |
the Lake K°ycejiz (Mis et al ., 2011) . Despite |
coverage in the lake, the highest abundance of these low salinity tolerant taxa in zone 1 resulted low
salinity inference. Furthermore, low watewvel can boost fish predation and allow submerged plant
grow and expand (Bucak et al ., 2012; Twdadanoj | u,
Daphniasp. andSimocephalusp. can be explained by sigelective predation (Brooks and Dodson,

1965). Moreover, RDA ordination also elucidated that this zone could be indicated by high PVI.
Furthermore, between 5% cm Levi (2009) showed high abundance of short growing plant
macrofossils such as, Characeae oospdaeg@s marinaseed fragments andotamogetonsp. leaf

tips, suggesting low water level conditioiaurthermore, the pelagic/littoral ratio change can be a
result of anoxic water column above the sediment and this could misinterpret the water level
inference.

Zone 2 (ca. 1930990) was chaxderized by slight increase of Glalinity. The average
value increased from 0.7 a to IsedBnenfiassockie®dy h sal i r
sphaericug 1. 2 @)rectangua/gutatd 1. 4 a) and s elLdléydig(nlt. la sas)o ca md e
L. acarthocercoidef 1. 4 a) were found abundantly on the ot/
zone 1 were disappeared. Generally, cladoceran species richness decreases with increasing salinity
(Frey, 1993; Bos et al., 1999; Boronat et al., 2001, Brucet,e2G09) because many cladoceran taxa
are not well adapted to high salinity conditions (Aladin, 1991). Previous studies showdd that
acanthocercoides, A. rectanguadC. sphaericusver e f ound in salinities of
respectivdl9y 1l (L Hfafmmer 1986 ; Al adi n, 1991,; Wo I f
2012). Therefore, these stenohaline species have become very abundant in zone280&p8mBice
the onset of first LWL period in 2001 and consequent salinity increase observeathbin Isitu
measurements and inferences. Furthermore, moderate salinity toleraBlataxaia spp.,Moina sp.
andSimocephalusp. became also abundant in zone 3. Even though, in our reSéa@tephalusp.
and Daphnias p p . salinity tahdr &@née@ wWer ga e@Gpeetavely. U
found Simocephalusp. andDaphnias p . in brackish |l akes with salir
Williams et al. (1990) collectetoinas p . from |l akes with salinities
zone 2, pelag/littoral cladoceran ratio started to decline towards present day, suggesting water level
decrease. The instrumental measurement of water level since 1970 supports this. Moreover, the first
and second LWL periods can be identified in pelagic/littorabrat 5 cm and between 2.5 cm to top
of the sediment core. In both zones water level decline increased salinity and eutrophication as also
shown in RDA ordination plot.

In Lake Eymir, according to monitoring results, water level changes triggered daimiza
and eutrophication as in Lake Mogan. However, the cladoceran community not only controls by
salinity and eutrophication but also by biomanipulation affords in Lake Eymir. Zone 1 was dominated
by low salinity tolerant pelagic tax2 longirostris(0.37a ) aoidas p . (0.57 a); macr o
sediment associated stenohaline t&xaphaericusandA.rectangula/gutatand low salinity tolerant
Pleuroxuss p p . (0.35 a) dteydigib antlBi @) sped il s macrophyte
were absent. Hawg high abundance of low salinity tolerant taxa, this zone can be characterized by
low saline waters. HoweveB,longirostriswas very dominant taxa in Danish brackish lakes wille 7
a salinity range (Jeppesen et aluaslcorrespdhde® vWith highMor eo v
water level indicator, the high pelagic/littoral cladoceran ratio, in this zone. Furthermore, at the bottom
of the core a largsized pelagic cladocef@aphniaspp. was identified however it was disappeared
until zone 2 (3915 cm). This could be an evidence for an increase in fish predation, as indicated by a
size efficiency hypothesis (Brooks and Dodson, 1965). In addition, RDA ordination suggested fish
dominance in zone 1. This was also captured by the predation pressure index

After 40 cm at the onset of zone 2, there was an increase in inferred salinity to average 1.3
a. The salinity increase was synchronize® with t
longirostris( 0. 37 ®Jinasamd (0. 57 aincrease oh abaridance oft higle salinity
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tolerantL. leydigi( 1. 1 &) . Moreover, pelagic/littoral <cladocera
3, reflecting water level decrease and thus, salinization. In zone 2 when the abundaBces of
longirostris decreaed at the same time the abundanceBagfhnia spp. increased and reached its
maximum value at ¥5cm (around 1985) of the core. There was also a decline in predation pressure
index parallel toDaphniaincrease. The highest peak Daphniamight have beethe result of fish
kills during 1970s due to increased eutrophication through over 25 years raw sewage effluents to the
Lake Eymir starting from 1970 (Alténbil ek, 1995; Bekl
20 and 1516 cm (ca. 1970 to 198) can be seen in RDA ordination. Furthermore, cladoceran species
number was declined and only five taxa were identified at this time period.

Zone 3 was characterized by the continuous inferred salinity increase towards present day.
There was a G8alinity peak at 6/ cm which is around 1997, corresponding water level drop to 967.8
m above sea level. Then water level increased with decreasiSgli@ity and nutrient concentration
as seen in RDA ordination. The first biomanipulation was performed dumiaghigh water level
period in 19981999. During this period lake was in eutrophic condition and dominated by cyprinid
fish wvia stirring up the sedi ment causing turbidity
Moreover, the decrease of sfdssil Daphnia spp. abundance reflected the predation pressure by
cyprinids at 67 and 45 cm of the core. Furthermore, small sized -fagsil Ceriodaphniasp.
domi nance for the period was in wel/l accordance with
approximately 50 % of cyprinid fish removal, at2cm of the core large sizégaphniaspp. became
abundant and cl ear water condition was returned as r
Salinity continued to increase in this period as a result of iseteabundance of stenohaline taxa
A.rectangula/gutataMoreover,Daphnia magnavas abl e t o tolerate 1.2 & salini
Lake Eymir (Tavkanojl u, 2012). Accordin@cmto RDA plot,
which corresponds to staof the second biomanipulation period in 2006. Water level continued to
drop at around with increasing -Shlinity and measured salinity. Furthermore, at the top of the core
which was the year 2008, the lowest water level was observed and the lakeéraalieated through
in |l ake sediment TP release since all/l infl ows were d
the eutrophication as TP increase il @m of the coreC.sphaericus, A.rectangula/gutatnd
L.acanthocercoidegere the most abundaspecies at the top of the core and according to Brodersen
et al. (1998), those species had high TP optima.

Water level fluctuations affect both lakes changing water salinity and nutrient concentrations
with water clarity. From past to present overalirsty increase as a result of water level decrease was
observed in both lakes. Furthermore, water level decline changes trophic structure of the lakes via
eutrophication and increase tdpyn e f f ect . Yaj basan et al . (2012) wused
scenarios and indicated that letggm changes in precipitation and temperature can cause significant
declines in Eymir and Mogan lake levels and drying out of the both lakes in dry seaghadutnre,
the impact of climate change on lake levels can be regulated by sustainable management strategies.
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CHAPTER 5

INFERRING PAST SALINITY TURKISH SHALLOW LAKES LOCATED ALONG
LATITUDINAL GRADIENT BY COMMUNITY CHANGE OF SUB -FOSSIL CLADOCERA

5.1. Introduction

Paleolimnological studies allow infering of past environmental changes, achieved by
analyses of plant and animal remains (Frey, 1986, 1988; Korhola and Rautio, 2001). Palaeolimnology
can provide insight into natural and anthropogenipdots on lakes and their surrondings extending
from annual, decadal to millennia. Chemical, physical, and biological parameters of lake sediment can
supply a substantial amount of information on past lake ecosystems (Birks and Birks, 1980; Smol,
1990; Smokt xal., 1991, 1994)

Cladoceran taxa are informative and extensively used invertebrates in paleolimnological and
paleoclimatological studies, because they are abundant in freshwater lakes, their skeletal pieces,
namely called carapace, preserve well arelidentifiable and they respond quickly to environmental
changes (Frey 1986; Korhola and Rautio 2001; Luoto et al., 2008). Cladocera are dominant among
zooplankton and are the only group which are well preserved in sediment.Therefore, fossil cladoceran
analysis allows contribute to reconstruction of lake his{@3seroczynska, 2002)

Being arthropods, upon deathetr skeletal body parts are rapidly disarticulated into
components such as, head shields, carapaceapdsien, postbdominal claws and maitdes via
biological activity. The remains of pelagic, plant and benthic associated cladocerans can be used to
assess both quantitatively and qualitatively trophic structure, plant composition, fish population,
climatic change, eutrophication, salinity andterlevel fluctuation, (Jeppesen et al., 1996; Hofmann,
1998; Lotter et al., 1998; Bos et al., 1999; Jeppesen et al., 2003; Johansson et al., 2005; Amsinck et
al., 2005a; Korhola et al., 2005; Luoto et al., 2008; Nevalainen and Luoto, 2010). Fordnstanc
Jeppesen et al. (1996) created the first quantitative reconstruction model using the relationship
between cladoceran remains and planktivorous fish that allowed to reconstruct past planktivorous fish
density and trophic structure. Moreover, Jeppeseal. 003) showed that size and abundance of
ephippia of some planktonic cladoceran species are related to fish abundance and can therefore be
used as indicators for planktivorous fish stocks. Another example could be a quantitative method
which was develped to relate cladocera composition to total phophorus by Brodersen et al. (1998).
They established a reconstruction model to infer TP by weighted average regression and calibration
techniques A study by Bos et al. (1999) recovered cladoceran and anastramains from the
surficial sediments of 33 lakes in the Interior Plateau of British Columbia to infer past salinity as well
as lake depth. This study provided information on the optima and tolerance of individual Cladoceran
species to lake water salipitand showed the potential that these organisms have for
paleoenvironmental and paleoclimatic research. Moreover, Amsinck et al. (2003) used cladocerans
salinity sensitivity to infer past trophic structure with special interest on macrophyte abundance and
fish predation of two shallow brackish lakes. Also, Amsinck et al. (2005a) showed that Hussilb
zooplankton composition from surface sediment of 36 coastal brackish lakes was significantly related
to planktivorous fish density, salinity and total ghborus and established weighted averaging models
for the reconstruction of these parameters.

Zooplankton species composition varies greatly with salinity (Bos et al.,, 1996). Many
cladocerans show a unimodal response over a gradient of salinity becays$atk poor ability to
osmoregulate (Frey, 1993). Among the Cladocera more than 40 species live in saline/brackish water,
eight species inhabit in oceans and five species live in highly mineralised continental waters (Aladin,
1991).

Paleolimnology can ba great asset in Turkey since long term lake monitoring programmes
are very scarcdn Turkey, paleolimnology studies have been focusing mostly on the climatic changes
in Late Quaternary period. Beug (1967) studied postglacial vegetatinoal history oéiidFtirkey by
retrieving a sediment core from Lake Yeni-aja
followed by Woldring et al. (1986), a detailed vegetational history study of northern and northwestern
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Turkey. After 19906ectEaayl s edi mesteacohess frcoml Lakes
S¢l eymanhacé and Pénar baké -Halocene &vironynantalpchaageimm t o st udy
Southern Turkey (Roberts et al., 1997, Eastwood and Pearce, 1998, Reed et al., 1999, Eastwood et al.,
1999a, Easvood et al., 1999b, Roberts et al., 1999, Jones et al., 2B@8hima (2003) studied
climatic changes during the Late Quaternary using three sediment cores from closed aaidsemi
lacustrine basins in the central Anatolia, based on diatom assembiageknoents from 38 lakes and
rivers and living and fossil diatoms for quantitative reconstruction of water salinity for Turkey. Jones
et al. (2005) sampled varved sediment of Nar Lake, and studied oxygen isotope records for comparing
oxygen isotope recorflom the lake sediment with instrumental records of temperature, precipitation,
wind speed, relative humidity and calculated values of evaporation. They showed that the isotope
record followed the same trends in the temperature and evaporation recotigscnfare, England et
al. (2008) coupled stable isotope, pollen and charcoal from Nar Lake sediment core in order to
investigate land use in Cappadocia region. They indicated that Cappadocia has been a predominantly
open landscape throughout the last twdlemnia. They also found the first significant cultural
landscape transformation occurrence during the Bronze Age. Woodbridge and Roberts (2010) used
the same laminated sediments to investigate the link between modern and fossil diatom assemblages.
Theredter, Woodbridge and Roberts (2011) compared sedimentary diatom record with stable isotope
and pollen record from the same core over last 1720 years and they investigated that Nar lake water
was much more saline and the climate of central Anatolia wadisagtly more arid during the
decades prior to AD 540. Recently, Reed et al. (2012) developed conductivity transfer functions using
diatoms and ostracods from Turkish lake training sets using weighted averaging techniques to confirm
the potential for diams and ostracods to strengthen palaeoclimate inferences by quantitative multi
proxy reconstruction. Results of paired diatostracod analysis indicated that the most important
ecological threshold occurs at a conductivity boundary of ~3 iScm

The curret study is an first attempt to use a Cladodmaed transfer function for infering
salinity based on a training set of 44 Turkish shallow lakes. The aim of this study is to reconstruct the
past (108150 years) changes in salinity using $absil cladocea to test the hypothesis that the lakes
with wetter conditions having low salinities whereas the lakes with drier conditions having high
salinities through time as a result of different temperature, evaporation and precipitation regimes. For
this purposg ecostruction of the past salinity conditions w
G°l hisar and G°1l c¢k.

5.2. Methodology
5.2.1. Study Sites

Hamam (41A49EN, 27A57EE) and Yeni-aja (45A15EN, 4
precipitated and love vapor at ed | akes whereas G°Il hisar (37A06EN,
28A01EE) |l akes were considered high evaporated | ake:c
Turkey (Figure 5.1, Table 5.1, Appendix A). Because of the high altitude geograpiécatteristic
of Anatolian Plateau, only Lake Hamam considered in low altitude lake as it is situated by the Black
Sea coast, the rest of the lakes are high altitude lakes (Table 5.1).
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Figure 5.1.Location of the study lakes.

Table 5.1.Environnental and biological variables from the sampled lakes.
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S I o dEoE&E z® 5 £ - IE & S 88 & &£
Hamam 5 20 700 33.1 21.2 898 40.1 3283 05 0.06 16.3 50 7 40
Yeni -988 400 537 244 257 9.10 266.2 7314 19 0.16 7.7 90 7.5 149
G° | hi930 400 523 37.7 258 9.16 673 7751 7.4 031 127 50 15 44
G° | ¢ ¢1050 75 560 47.7 246 9.64 326 20284 1.4 0.12 145 25 0 49

Lake Hamam (41A5' N, 27A6'E, elevation 5 m) is

l ocat ed -Ka&r KIj arealdia p r oThe lake water( hRd layvualkadine §0.50 med) L

l ow saline ( 0ya@Hof&98 wkeen shmpiirg carried out in August 2006 (Table 4.1).

The | ake was considered in'ktR,ea328vEX .ead 6li'ad ec dral
Chlorophylta and 50 cm Secchi disc depth (Table 5.1).

Lake Yeni-aj a lwitbHAI®S W) is reativaly large; (40@ ha) and shallow
(max. 4.4 m) lake located in Bolu province (Figure 5.1). The lake water had low alkaline (1.90 meq L
H |l ow saline (0.16 a) and having a pH of 9. 10w
41) . The |l ake was consider edl Peut7r3olp®MNce gi al8'Bng g2 66
Chlorophylta and contrary to these values high (90 cm) Secchi disc transparency (Table 5.1).

Lake G°l hisar (37A8EN, 29A36EE;lowql6éem)mkei on 9 3¢
|l ocated in Burdur province in the south of Turke
~88 knf. Average annual precipitation for G°Il hisar i
and 12 % during the summer (Eastwoddak, 1999). The lake water was alkaline (7.40 méy, L
oligosaline (0.31 a) and having a p2B07.0fielaBe. 16 whe
was considered eut™Td®phi7d"ThNg \gili2g Ctéorephglid.and 50lcm
Secchi disc depth.

Lake G°lc¢k (38A18' N, 28A01'E; elevation 105(
located in Manisa province (Figei15.1). The lake was considered the more eutrophic than the rest of
the lakes, HIPin@R0ZIMNggd & L'SChloraplgyllaland very low light
transparency (25 cm Secchi disc depth).
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