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Abstract Cladocerans are valuable indicators of
environmental change in lakes. Their fossils provide
information on past changes in lake environments.
However, few studies have quantitatively examined
the relationships between contemporary and sub-fossil
cladoceran assemblages and no investigations are
available from Mediterranean lakes where salinity,
eutrophication and top-down control of large-bodied
cladocerans are known to be important. Here we
compared contemporary Cladocera assemblages, sam-
pled in summer, from both littoral and pelagic zones,
with their sub-fossil remains from surface sediment
samples from 40 Turkish, mainly shallow, lakes. A
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total of 20 and 27 taxa were recorded in the
contemporary and surface sediment samples, respec-
tively. Procrustes rotation was applied to both the
principal components analysis (PCA) and redundancy
analysis (RDA) ordinations in order to explore the
relationship between the cladoceran community and
the environmental variables. Procrustes rotation ana-
lysis based on PCA showed a significant accord
between both littoral and combined pelagic—littoral
contemporary and sedimentary assemblages. RDA
ordinations indicated that a similar proportion of
variance was explained by environmental variation for
the contemporary and fossil Cladocera data. Total
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phosphorus and salinity were significant explanatory
variables for the contemporary assemblage, whereas
salinity emerged as the only significant variable for the
sedimentary assemblage. The residuals from the
Procrustes rotation identified a number of lakes with
a high degree of dissimilarity between modern and
sub-fossil assemblages. Analysis showed that high
salinity, deep water and high macrophyte abundance
were linked to a lower accord between contemporary
and sedimentary assemblages. This low accord was,
generally the result of poor representation of some
salinity tolerant, pelagic and macrophyte-associated
taxa in the contemporary samples. This study provides
further confirmation that there is a robust relationship
between samples of modern cladoceran assemblages
and their sedimentary remains. Thus, sub-fossil
cladoceran assemblages from sediment cores can be
used with confidence to track long-term changes in
this environmentally sensitive group and in Mediter-
ranean lakes, subjected to large inter-annual variation
in water level, salinity and nutrients.

Keywords Mediterranean lakes - Procrustes
rotation - Diversity - Richness - Salinity - Total
phosphorus

Introduction

Zooplankters are important indicators of the structure
and function of freshwater lake ecosystems and their
ecological status (Jeppesen et al. 2011a). They are a
key component of the trophic web and are sensitive to
anthropogenic impacts (Caroni and Irvine 2010).
Cladocerans are sensitive to increasing salinity
because of their limited osmoregulating capacity
(Aladin 1991; Frey 1993; Bezirci et al. 2012), and
cladoceran species richness and diversity decrease
with increasing salinity (Frey 1993; Jeppesen et al.
1994; Bos et al. 1999; Boronat et al. 2001; Brucet et al.
2009; Jeppesen et al. 2011a).

Cladoceran sedimentary remains provide informa-
tion on ecosystem state and change through time
(Jeppesen et al. 2001; Davidson et al. 2011a).
Cladocerans grow by periodically shedding their
exoskeletons at the end of each instar. Molting rates
differ among the species and are influenced by
temperature, predation and food availability
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(Vijverberg 1980; Boersma et al. 1996; Hiilsmann
and Mehner 1997). Each cladoceran taxon is preserved
in the sediment differently (Anderson and Battarbee
1994; Leavitt et al. 1994), but they are generally well
preserved in the sediment, in particular benthic taxa
(Rautio et al. 2000). The chitinous outer body parts,
such as carapaces, head shields, ephippia, post-abdo-
mens and claws, preserve selectively in lake sedi-
ments, whereas soft tissues decompose (Frey 1986;
Szeroczynska and Sarmaja-Korjonen 2007). Mechan-
ical, chemical and biological agents can all decompose
or damage exoskeleton fragments and chitin, thus
affecting their preservation (Kerfoot 1995). Despite
this, chitinous remains in surface sediments have
generally been shown to provide a good representation
of benthic and macrophyte-associated cladoceran
species and generally show higher species richness
and diversity than contemporary samples (Frey 1964;
Davidson et al. 2007; Nevalainen 2010). Further,
ephippia of many species preserve well (Frey 1986;
Hofmann 1987; Hann 1989; Rautio et al. 2000). For
some pelagic taxa, such as Daphnia, Moina and
Ceriodaphnia, resting eggs can be used to estimate
abundance where chitinous remains are sparse (Je-
ppesen et al. 1996).

Interpretation of the sub-fossil cladoceran data has
typically relied on either relationships obtained by
analysis of contemporary assemblages and environ-
mental data or on relationships between surface fossil
data with environmental variables (Miieller 1964,
Frey 1986; Jeppesen et al. 2001). In case of the former,
the reliability of relationship between contemporary
and sub-fossil specimens is critical since several
processes determine the production and distribution
of cladoceran remains (Davidson et al. 2007; Nykénen
et al. 2009).

The Mediterranean climatic region is particularly
sensitive to changes in climate that may affect
salinity. Lakes in the region are likely to receive
reduced inputs of water due to shorter wet seasons
and associated lengthening of warm dry periods
(Sanchez et al. 2004; Jeppesen et al. 2011b). Recent
studies in the region have reported decreases in
precipitation (Tiirkes 1996; Tiirkes et al. 2009)
affecting hydraulic residence time, water level and
salinity (Beklioglu and Tan 2008; Ozan et al. 2010;
Bucak et al. 2012) with strong effects on the lake
ecosystem, water turbidity and salinity (Beklioglu
et al. 2011; Beklioglu and Tan 2008).



J Paleolimnol (2014) 52:367-383

369

Analysis of sub-fossil cladocerans from sediment
cores in Mediterranean lakes would provide a means
to track ecosystem response to past climate change.
Thus, allowing the current status to be placed in the
context of past condition but also to compare the
recent and current ecological change with those that
occurred in the past. There is, however, very little
information on how the ecology of Mediterranean
lakes changed in the past. In the current study we
focused on the comparison of the contemporary
pelagic and littoral cladoceran assemblages with
surface sediment remains in forty shallow Mediter-
ranean lakes. Furthermore, we compared their
relationships with key environmental variables. It
was our hypothesis that sedimentary and contempo-
rary assemblages would closely resemble each other
and that their environmental controls would be
similar.

Materials and methods
Study sites and field sampling

During the main growing period (August—September)
from 2006 to 2011, environmental variables and
surface sediments were collected in forty Anatolian
shallow lakes spanning over 5° of latitude between the
warm and dry temperate, arid cold steppe, and
Mediterranean climate according to the Koppen-
Geiger classification system (Peel et al. 2007) (Fig. 1).
A snapshot sampling protocol developed by Moss
et al. (2003) was employed to take depth-integrated,
mixed water samples from the whole water column in the
deepest part of the lake. Lake water temperature (°C),
conductivity (£1 pS cm_l), salinity (%o), maximum
depth (m), dissolved oxygen (mg L™") and pH were
determined in situ using YSI 556 MPS multi-probe.
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Fig. 1 The 40 shallow lakes in Turkey included in the study.
with the highest salinity

Lake numbers follow a salinity gradient, with 40 representing the lake
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Cladoceran samples were taken from 40 to 20 L
depth-integrated water samples, which were collected
both from the pelagic and littoral zones, respectively.
Water samples were filtered through a 20 pm mesh
size filter and the remains were fixed using 4 %
Lugol’s solution.

The composition and abundance of fish (Catch per
unit effort—CPUE—number.net ') were determined
by overnight (12 h) fishing with Lundgren gill nets
consisting of twelve multiple mesh sizes (from 5 to
55 mm) each section being 3 m long and 1.5 m deep.
The nets were set parallel to each other and left
overnight for an average duration of 12 h in the littoral
and pelagic part of the lake. Number of nets used
depended on the size of the lake.

Percent plant volume inhabited (PVI%) was calcu-
lated based on data on submerged plants sampled at
evenly spaced intervals along parallel transect lines
(Canfield et al. 1984). Details can be found in Levi
et al. (2014).

From each lake, seven surface sediment (0-2 cm)
samples with close proximity to each other were taken
using a KC-Denmark Kajak Corer (5.2 cm diameter)
at the deepest part of each lake. These seven samples
were mixed and kept frozen (—18 °C) prior to analysis
for sub-fossil cladoceran remains.

Laboratory analyses

All water samples were kept frozen prior to chemical
analyses in the laboratory. For analysis of total
phosphorus (TP) and soluble reactive phosphate (SRP)
we used the acid hydrolysis and molybdate reaction
methods, respectively (Mackereth et al. Mackereth et al.
1978). Total nitrogen (TN) was analysed by the Scalar
Autoanalyzer Method (San++ Automated Wet Chem-
istry Analyzer, Skalar Analytical, B.V., Breda, The
Netherlands). For chlorophyll a determination, the
ethanol extraction method by Jespersen and Christof-
fersen (1987) was employed and suspended solids were
determined by weighing the dried GF/C Whatman filters
after filtering ~500 mL water through weighted filters.

For sub-fossil cladoceran taxonomical analysis 5 g
wet homogenised sediment were boiled in 100 mL
10 % KOH for 50 min and all material was subse-
quently kept in Lugol’s solution and the samples were
sieved prior to microscopic analysis. Remains larger
than 45 um were all identified and counted using a
stereomicroscope (LEICA MZ 16) and an inverted
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light microscope (LEICA DMI 4000). For the count-
ing process, sub-fossils were separated into two size
fractions: >140 and 45-140 ym. All remains
>140 pm were counted, while remains in the
45-140 pm size fraction were subsampled and
approximately 20 % was counted. For species identi-
fication, the keys developed by Frey (1959), Fl6Bner
(2000) and Szeroczynska and Sarmaja-Korjonen
(2007) were used. Carapaces, head shields, post
abdomens, post abdominal claws and resting eggs
(ephippia) of each sub-fossil cladocerans were
counted and the most abundant body part was used
in the analyses. For Daphnia, Ceriodaphnia, Simo-
cephalus and Moina, the abundance of individuals
were based on ephippia because they were the only
body parts encountered in the samples. Taxonomic
species separation of Alona rectangula Sars, 1862 and
Alona guttata Sars, 1862 was occasionally not possi-
ble from the head pores if no post abdomens were
present. These two Alona species are consequently
used as Alona rectangula/guttata in the statistical
analyses.

Contemporary cladoceran species were identified to
species level and individuals were counted at 40x
magnification using a LEICA MZ 16 stereomicroscope
(Tavsanoglu 2012). For taxonomical identification, the
keysin Scourfield and Harding (1966), Ruttner-Kolisko
(1977), Pontin (1978), Einsle (1993), Segers (1995),
Smirnov (1996), F16pner (2000) and Smith (2001) were
used. Littoral and pelagic contemporary cladoceran
abundance (individual Lfl) data were used both
separately and combined, the latter dataset referred to
as “joint contemporary” assemblage.

Data analyses

Environmental data were tested for normality using
the Kolmogorov—Smirnov test in SigmaStat 3.5 (Justel
et al. 1997). Environmental variables that did not pass
the normality test were either logo, log;o(x + 1) or
square root transformed to obtain the best approxima-
tion to normal distribution, and species data were
either log or Hellinger transformed depending on the
ordination analysis (Legendre and Gallagher 2001).
A range of ordination techniques including princi-
pal component analysis (PCA), detrended correspon-
dence analysis (DCA) and redundancy analysis (RDA)
were employed for investigating variation. In PCA,
cladoceran assemblage data were used to identify the
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distribution of the species between lakes. RDA or
Canonical Correspondance Analysis (CCA) was
employed when the gradient length of axis 1 in DCA
was lower than or higher than 3 standard deviation
(SD) units, respectively (ter Braak 1995). In order to
choose the environmental variables explaining the
maximum variation in the species data, highly co-
linear environmental variables were identified by their
high variance inflation factors (VIF). Variables with
VIF more than 20 were deleted from the environmen-
tal dataset. Monte Carlo permutation tests were
applied in order to test the significance of each
environmental variable used in the ordination analy-
ses. Environmental variables which did not explain a
significant portion of species variance after Monte
Carlo permutations (p < 0.05; 999 random permuta-
tions) were removed from the ordination analyses. A
series of RDA ordinations with forward selection were
run to determine the subset of significant environ-
mental parameters.

In order to explore the relationship between the
cladoceran community and the environmental variables
for both contemporary and surface-sediment data and to
test the significance of the identified relationships,
Procrustes rotation and the related PROTEST permu-
tation test were applied to the PCA and RDA ordination
results (Jackson 1995; Peres-Neto and Jackson 2001).
Procrustes rotation considers the general degree of
correlation between two or more ordination results by
using a procrustean superimposition approach in which
the results of the ordinations are scaled and rotated to
find an optimal superimposition for maximising their fit
(Peres-Neto and Jackson 2001). The sum of the squared
residuals between configurations in their optimal fit can
be used as a metric of correlation (Gower 1971).
PROTEST is a permutation-based procedure and
measures the significance of the concordance (Jackson
1995) established by the Procrustes rotation. PROTEST
produces a correlation-like statistic referred to as
“correlation in a symmetric Procrustes rotation (m;,)
and an associated significance (p value)” (Jackson
1995), indicating the likelihood of the relationship
occurring by chance (Peres-Neto and Jackson 2001).
Procrustes rotation and PROTEST were applied a
number of times to assess the significance of the
relationship of the fossil PCA with: (a) joint contem-
porary PCA, (b) pelagic contemporary PCA and
(c) littoral contemporary PCA. It was also applied to
compare the fossil RDA with joint contemporary RDA

ordinations. All analyses were done in R version 2.12.2
(R Core Development Team 2011) using the vegan
(Oksanen et al. 2008) package.

Shannon-Wiener diversity and Pielou’s evenness
were calculated from the abundance data using the
vegan package (Oksanen et al. 2008) in R Statistical
Software (R Development Core Team 2011). Species
richness was measured as the total number of species
of cladocerans in each lake. One-way analyses of
variance (ANOVA) were used to test the differences in
diversity, evenness and richness between high salinity
(>4 %o) and low salinity (<4 %o) lakes. Analyses were
performed using Sigma Stat 3.5.

Multiple linear regression analysis was employed
in order to investigate the role of environmental
variables in the accordance between contemporary
and sedimentary cladoceran assemblages. Procrustes
residuals from PCA-Procrustes analysis were used as a
response variable and environmental variables were
used as explanatory variable. Analyses were per-
formed using Sigma Stat 3.5.

Results

The 40 lakes studied were small and mostly shallow
with a maximum depth ranging from 0.55 to 17.4 m
and a mean depth of 4 m (Table 1). Surface water
temperature averaged 24.4 °C and the lakes were well
oxygenated (mean: 6.7 mg L™"). With the exception
of four lakes with salinities ranging between 3.1 and
5.8 %o, all were fresh waters. Most of the lakes had a
pH close to neutral, were eutrophic with an average
chlorophyll a concentration of 19 ug L' and an
average Secchi depth of 1.3 m. Omnivorous fish
dominated the fish catches, average number of catch
per net per night being 107. The PV1% varied from 0 to
80 % (Table 1).

Atotal of 11 and 21 taxa were identified in the pelagic
and littoral water column, respectively; whereas 27 taxa
were identified in the surface sediment samples
(Table 2; Fig. 2). The maximum, mean and median
values of the relative abundance of all identified taxa are
represented in Table 2. 87 % of the taxa found in the
joint contemporary samples were represented by the
sedimentary remains. Some of the taxa frequently
occurring in the water column were not found in the
sediment assemblages, including Diaphanosoma sp.,
Macrothrix sp., Scapholeberis mucronata (Miiller) and
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Table 1 Summary statistics of environmental variables from the 40 Turkish shallow lakes

Size Depth Temp Oxygen Chl-a

pH TP (ng/ TN (ng/ Salinity Secchi PVI Fish

(ha) (cm) O (g/m) (ng/L) ) D) (%o) (cm) (%) (cpue)
Min 0.1 55 18.3 0.58 0.66 15 238.8  0.06 20 0 0
Max 635 1,740 324 15.3 62.1 9.6 632.6 2,340 5.8 900 79.9 644.2
Mean 749 409.8 244 6.7 19.2 138.1 1,024.7 0.7 130 20.2 106.9

Polyphemus pediculus (Linnaeus, 1761) (Table 2;
Fig. 2). However, Disparalona rostrata (Koch, 1841),
Graptoleberis testudinaria (Fischer, 1848), Alonella
excisa (Fischer, 1854), Leptodora kindtii (Focke, 1844),
Kurzia latissima Kurz, 1874, Leydigia acanthocerco-
ides (Fischer, 1854), Oxyurella tenuicaudis (Sars,
1862), Sida crystallina (O.F.Miiller, 1776), Campto-
cercus spp. and Eurycercus lamellatus (O.F. Miiller,
1785) were found in the sediment but not in contem-
porary samples (Fig. 2).

Lakes Hamam, Pedina and Baldimaz did not
contain any cladoceran taxa in their contemporary
assemblages and were therefore not included in
ordination analyses.

Ordinations

Detrended correspondence analysis (DCA) had a first
axis length of 1.41 SD units for the joint datasets. The
axis length was 2.03 SD units for the surface fossil
data. Thus, we used linear methods for both the
contemporary and the sedimentary assemblages and
PCA and RDA were employed for both datasets (ter
Braak and Prentice 1988).

The Monte Carlo permutation tests showed that TP
and salinity were significant for the joint contemporary
assemblage (p < 0.05), while only salinity (p < 0.01)
was significant for the sub-fossil assemblage (Fig. 3).
Thus, in both RDAS salinity was the most significant
variable and was negatively correlated with axis 1
(Fig. 3). Furthermore, a similar percentage of variance
was explained for contemporary (16.7 %) and surface
sediment fossil cladocerans (13.6 %) when all envi-
ronmental variables were included in RDA (Table 3).
When using single variables in each analysis, salinity
again had the highest percentage of variance explained
in both contemporary and sedimentary datasets
(Table 3).
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The distribution of the most common species was
similar between the two RDA plots. For instance,
Bosmina longirostris (O. F. Miiller, 1785), Chydorus
sphaericus (O.F. Miiller, 1776) and Leydigia leydigi
(Schoedler, 1863) distributions in ordination space
were similar and exhibited a similar response to the
same environmental variables in both ordinations
(Fig. 3). C. sphaericus was positively associated with
salinity; in contrast, B. longirostris was negatively
associated with salinity in the comparison of contem-
porary and sedimentary RDAs. Moina spp. was
positively linked with TP in the contemporary dataset.
Moreover, vegetation and sediment associated taxa
Pleuroxus spp., Simocephalus sp., Alona rectangula/
guttata, Alonella nana (Baird, 1850) and Alonella
exigua (Lilljeborg, 1853) were in close relationship
with PVI% in both RDAs. Although fish (CPUE
number.net ') was not a significant variable, the large
bodied cladoceran, Daphnia spp. were negatively
associated with fish in both RDAs.

Species diversity, evenness and richness

Significant differences were identified in the Shannon-
Wiener diversity, evenness and species richness for
two cladoceran communities (Table 4). Species rich-
ness and diversity were higher in the sedimentary
cladoceran community and evenness was higher in the
joint contemporary community (Table 4).

According to one-way ANOVA, there was a clear
significant (p < 0.05) response to salinity in the
Shannon-Wiener diversity, evenness and richness
patterns of the joint contemporary cladoceran data,
whereas only richness showed significant (p < 0.05)
response to salinity for the sub-fossil cladoceran data.
Diversity, evenness and richness in modern cladoc-
eran community increased and richness of sub-fossil
cladoceran community increased with decreasing
salinity (Fig. 4).
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Fig. 2 Venn diagram showing cladoceran species (big dia-
gram) and number of species (small diagram) distributions in
contemporary pelagic and littoral, and surface sediment dataset
(for abbreviations see Table 2)

Procrustes rotation and PROTEST

For the Procrustes rotation analysis and PROTEST,
the PCA scores of the species data and the RDA scores
of 37 lakes were employed and the results are shown in
Table 5. The correlation diagnostic (m;,, which is the
equivalent of r?) had values 0.528 and 0.537 when
using joint contemporary and sedimentary fossil, and
littoral contemporary and sedimentary fossil PCA
scores, respectively. Furthermore, the significant (p:
0.001) Procrustes rotation test suggested that using
joint contemporary and sedimentary fossil PCA
scores, littoral and sedimentary fossil PCA scores,
and joint contemporary and sub-fossil RDA scores
gave an optimal fit and a high degree of correspon-
dence between contemporary and sedimentary cla-
doceran assemblages (Table 5). However, pelagic
contemporary and sub-fossil Cladocera assemblages
did not show significant accord (p = 0.147) and had a
low m;5 value (0.255) (Table 5).

Only “joint contemporary and sedimentary fossil
PCA” and “joint contemporary and sedimentary fossil
RDA” Procrustes analyses plots are presented
(Figs. 5, 6). Black dots in Figs. 5 and 6 represent
contemporary and arrow heads the sedimentary data.
The distance between the dots and arrow heads shows
the Procrustes residuals. Low residuals (short arrows)
indicated good agreement between datasets. The
direction of the movement between the base and the
end of the arrows and the length of the arrows were
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related to the distribution of the sedimentary Clado-
cera. The Procrustes rotation plot using PCA scores
identified most of the lakes displaying a high degree of
similarity (short arrows) especially Lakes 11, 13, 26,
28 and 31, which had low residuals, indicating a high
degree of concordance between contemporary and
sedimentary assemblages. However, some of the study
sites such as Lakes 2, 3, 5, 20, 30, and 35 displayed a
low degree of similarity (long arrows) (Fig. 5). As
shown as an overlying PCA plot, the direction of the
movement and the length of the arrows were related to
the distribution of the sedimentary taxa, (Fig. 5). For
instance, the longer arrow in Lake 5 resulted from B.
longirostris, Ilyocryptus spp., Kurzia latissima and
Eurycercus lamellatus which dominated the sedimen-
tary community, whereas the remaining lakes (2, 3, 20,
30, and 35) either did not exhibit, or had only very low
abundances of, Ilyocryptus spp., K. latissima and E.
lamellatus (Fig. 5). Low concordance was also found
in Lake 2 judged from the PCA of sedimentary fossil
data, D. rostrata, Camptocercus sp., and S. crystallina
were responsible for this difference and these taxa
were only found in sediment samples in this lake. A
similar pattern was observed for Lake 20, where
Simocephalus sp. was only found in sediment samples
but not in water column. Furthermore, for Lake 35
Ceriodaphnia spp. and Daphnia spp. were abundant
taxa that were found only in the sediment samples not
in contemporary samples at that site. A. rectangula/
guttata and C. sphaericus were only present in Lake
30’s sediment sample resulting in the high residuals
between contemporary and sedimentary assemblages.
Finally, Lake 3 was the only lake where A. nana had
high abundance in the sediment but it was completely
absent from the water column (Fig. 5). In order to
investigate reason for the low degree of similarity in
some lakes, multiple linear regression analyses were
run using PCA-Procrustes residuals and environmen-
tal variables. Water depth emerged as the only
significant (p < 0.05) variable explaining the high
residuals or low degree of similarity between the data
sets. In accordance, the lakes with water depth higher
than 4.5 m had mostly low degree of similarity
between contemporary and sub-fossil assemblages.
The Procrustes rotation plot using RDA scores were
examined to investigate the environmental variables
important in causing a discrepancy between the sub-
fossil and contemporary assemblages. Several sites
with low residuals were identified (Fig. 6). For
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Fig. 3 RDA plot of a joint
contemporary and b fossil
Cladocera assemblages
constrained by Secchi/
Maximum Depth, plant
volume inhabited (PVI),
total fish (catch per unit),
salinity and total
phosphorus. For
abbreviations see Table 2.
Lake numbers followed a
salinity gradient (see legend
of Fig. 1)
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Table 3 Summary results of variance explained by RDA
(redundancy analysis) for contemporary and sedimentary
Cladocera from 37 lakes

Environmental variable RDA % variance

Contemporary ~ Sedimentary
Cladocera Cladocera
Secchi:Max.Depth, TP, 16.7 13.6
salinity, PVI, Fishcpye
Salinity and TP 10.8 8.4
TP 5.6 1.6
Salinity 5.5 7.6

instance, Lakes 11, 17, 22, and 27 exhibited high
correlation between the two datasets. However, a
number of lakes such as Lakes 9, 20, 25, 26, 34, 35, 36,

38, 39, and 40 displayed high Procrustes residuals
(Fig. 6). The direction of movement between the dot
and arrowhead is related to the environmental vari-
ables from the ordinations. Accordingly, the point of
the arrow (sub-fossil assemblage) for Lakes 35, 36, 38
and 39 reflects higher salinity concentrations since
salinity from the inserted RDA plot and direction of
movement were parallel to each other (Fig. 6). Also,
the sub-fossil communities in these lakes were dom-
inated by C. sphaericus which was positively associ-
ated with salinity, whereas in the contemporary data C.
sphaericus was absent. Thus, direction of movement
was not the only indication of the environmental
relationship between cladocerans in a lake, also the
absence/presence of taxa can result in the discrepancy
between contemporary and sub-fossil data. Another

Table 4 Range (min—

. Sedimentary Contemporary
max), median and mean
values calculated using 37 Diversity Evenness Richness Diversity Evenness Richness
lakes for diversity, evenness
and species richness for Range 0.04-1.8 0.04-1.0 3.0-14.0 0.0-1.7 0.0-0.9 1.0-9.0
sedimentary and Median 0.8 9.0 0.7 0.6 4.0
contemporary Cladocera Mean 0.8 9.0 0.7 05 4.1
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Fig. 4 Species diversity (Shannon-Wiener index H’), evenness

(Pielou index) and species richness between contemporary and
sedimentary communities and the effects of salinity. Lakes were
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separated according to salinity. Lakes with salinities >0.7 %o are
termed high salinity lakes and the rest low salinity lakes
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Table 5 PROTEST diagnostics for fossil and contemporary data from 37 lakes. PROTEST m,, indicates the correlation in a

symmetric Procrustes rotation and p value indicates significance

Test Procrustes rotation Procrustes PROTEST p value
sum of squares RMSE mp

Fossil PCA and contemporary PCA 43.27 1.08 0.528 0.001

Fossil PCA and littoral PCA 42.54 1.07 0.539 0.001

Fossil PCA and pelagic PCA 56.08 1.23 0.255 0.147

Fossil RDA and contemporary RDA 15.44 0.64 0.449 0.001

similar example was the high Procrustes residuals of
Lakes 9, 34 and 40 in which the movement between
the base and the point of the arrow extended towards
the high PVI% and high Secchi:Max depth ratio
(Fig. 6). A. rectangula/guttata was related to the high
PVI% and Secchi:Max depth ratio in the sedimentary
RDA (Fig. 3). The sub-fossil cladoceran assemblages
of these three lakes included high abundances of A.
rectangula/guttata but in their contemporary assem-
blages it had low abundance.

Discussion

Higher cladoceran species richness and diversity were
found in the surface sediment samples compared to the
contemporary samples (27 and 21 species, respec-
tively). There was a significant concordance between
sedimentary assemblages and contemporary littoral
and also joint contemporary (pelagic and littoral)
assemblages. The good agreement between littoral and
surface sediment assemblages was driven by taxa such
as B. longirostris and C. sphaericus which are
abundant and well-represented in littoral water col-
umn samples and in the sediments. In contrast,
contemporary pelagic and sedimentary communities
did not show significant agreement. Previous studies
indicated that littoral cladocerans are primarily depos-
ited close to their shallow habitats, while planktonic
cladocerans accumulate principally at deep-water
locations (Nevalainen 2011; Nevalainen and Luoto
2012). However, the number of species in the mid-lake
surface sediment was twice as high as in the contem-
porary samples (Fig. 2) reflecting that sediment sam-
ples collected from the deepest part of the lake
includes both cladocerans transported from shallow
habitats and those deposited from deep habitats (Frey
1988; Smol 2008). Our sampling method used in the

contemporary cladoceran sampling could potentially
create a bias toward pelagic species since attached
species are more difficult to sample (Vandekerkhove
et al. 2005). Different sampling strategies using sweep
net along the shore and inside plant beds could prevent
such bias. However, Davidson et al. (2007) found a
similar bias towards pelagic taxa despite using series
of sweep nets in plant beds. Some species were better
represented in the contemporary assemblages, includ-
ing the open water associated Moina spp. Addition-
ally,  Diaphanosoma  sp.,  Macrothrix  sp.,
Scapholeberis mucronata and Polyphemus pediculus
were all absent from the sediment record but well-
represented in the contemporary samples in several of
the lakes, probably due to inadequate preservation of
them in lake sediment because of their soft-shelled
chitinous body parts (Davidson et al. 2007; Kattel et al.
2007). By contrast, the contemporary cladoceran
sample lacked large-bodied taxa, such as L. kindtii
and S. crystallina which were represented in the
sediment in some of the lakes.

The key environmental variables structuring the
cladoceran assemblages explained similar proportions
of the variance in the joint contemporary and sub-
fossil cladoceran assemblages (Table 3). Salinity and
TP were of key importance for the joint contemporary
cladoceran assemblage whereas only salinity was
significant for the sub-fossil assemblage. Diversity,
evenness and richness of joint contemporary commu-
nity data and richness of the sedimentary cladoceran
were all negatively related to salinity. The decline in
richness and diversity reflect the limited salinity
tolerance of cladocerans, apart from a few species
(Aladin 1991; Frey 1993; Jeppesen et al. 1994;
Dodson and Frey 2001; Boix et al. 2008; Brucet
et al. 2009). Salinity influences survival, abundance,
fecundity, size and growth rate (Williams 1987;
Schuytema et al. 1997; Bezirci et al. 2012). Others
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Fig. 5 PROTEST plot generated from PCA scores. Dots
represent joint contemporary samples and arrow points repre-
sent sedimentary samples, the distance between the two showing

(Bjerring et al. 2009; Hobaek et al. 2002; Green et al.
2005; Nevalainen 2010) also found conductivity to be
a strong predictor of both cladoceran species richness
and species. Most of the cladoceran taxa in our
sedimentary and joint contemporary datasets were
negatively correlated with salinity, especially B.
longirostris and Daphnia spp. (Fig. 3). However, we
found that L. leydigi, C. sphaericus and A. quadrang-
ularis were positively related to salinity likely reflect-
ing their higher osmoregulatory capacity (Bos et al.
1999; Amsinck et al. 2005; Brucet et al. 2009; Jensen
et al. 2010). In support, Ustaoglu et al. (2012) found L.
leydigi, and C. sphaericus in lagoons with salinity up
to 22 and 33 %o, respectively. Furthermore, a study on
the plant macrophyte remains from surface sediments
in the same set of lakes also showed conductivity to be
key environmental factors for macrophytes (Levi et al.
2014). It appears to be that salinity is a key driver of
richness of cladoceran and other species in semi-dry
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Procrustes residuals. The overlaid species PCA plot was
retained from sedimentary cladoceran PCA. Lake numbers
followed a salinity gradient (see legend of Fig. 1)

Mediterranean lakes which may become even more
important in a future warmer and drier climate
(Beklioglu et al. 2011).

Our study indicates that similar environmental
forces shape surface sediment and joint contemporary
cladoceran assemblages in a similar way. There were,
however, exceptions (Fig. 6), Lakes 35, 36, 38 and 39
exhibited high salinity (>1.5 %0) and had high
Procrustes residuals. The joint contemporary assem-
blage included only one cladoceran taxon in each of
the lakes, whereas the sediment samples had 4, 6, 10
and 9 taxa, respectively. The long term monitoring
data series of Lakes 35 and 36 revealed high seasonal
and annual salinity fluctuations (Beklioglu and Tan,
2008; Beklioglu et al. unpublished data), which may
explain the high number of cladoceran taxa with
contrasting salinity tolerances found in the sediment.
The contemporary assemblages only represent late
summer whereas the surface sediment assemblages are
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Fig. 6 PROTEST plot generated from RDA scores. Dots
represent contemporary samples and arrow points sedimentary
samples, the distance between the two showing Procrustes

a temporal integration of the cladoceran community
representing several years (Vandekerkhove et al.
2005; Amsinck et al. 2006). This may be of particular
importance when key environmental variables, such as
salinity in Mediterranean lakes, show large inter- or
intra-annual variations. Moreover, salinity could
enhance formation of resting eggs, increasing the
representation of sedimentary ephippia. For instance,
the ratio of ephippia to the sum of ephippia and
carapaces of Bosmina have been found to be higher in
brackish lakes, which may reflect temporary harsh
environments due to high salinity (Jeppesen et al.
2003), although higher temperatures (leading to
increased salinity) may have the opposite effect
(Bjerring et al. 2009).

The Lakes 9, 28, 34, and 40 were also characterised
by high residuals in the Procrustes rotation of the
RDAs. This stems from the disparity in the occurrence
of macrophyte associated taxa in the contemporary
and sediment assemblages. A number of macrophyte

I I l
0.0 0.1 0.2

Dimension 1

residuals. Environmental variables were retained from fossil
RDA and inserted passively. Lake numbers followed a salinity
gradient (see legend of Fig. 1)

associated species such as S. crystallina, E. lamellatus,
K. latissima, Camptocercus sp., O. tenuicaudis and G.
testudinaria were recorded in the surface sediments
but not in the contemporary samples even though
PVI% were high (>35 %) in these lakes. Many of the
species associated with plants are found mainly within
the plant beds (Lauridsen et al. 1996) and therefore
may go undetected by pelagic sampling. The lowest
agreement between contemporary and sub-fossils
therefore occurred in lakes where salinity or PVI were
high.

In addition to salinity, total phosphorus was
important in shaping the joint contemporary cladoc-
eran assemblages (Fig. 3). Nutrient enrichment indi-
rectly affects cladocerans by changing their food
quantity, quality, predation pressure and habitats
(Gliwicz 2003; Gyllstrom et al. 2005; Jeppesen et al.
2011a). Increases in TP concentration may be associ-
ated with enhanced fish predation on Cladocera and
large-bodied cladocerans may take day-time refuge
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near the sediment and therefore be absent from the
contemporary  samples sampled during day
(Tavsanoglu et al. 2012) but not necessarily from the
surface sediment cladoceran assemblages. Decreases
in cladoceran species richness with an increase in TP
have also been observed in Mediterranean and cold
temperate lakes (Jeppesen et al. 2000; Romo et al.
2005; Declerck et al. 2005). Contrary to other studies
(Bjerring et al. 2009; Chen et al. 2010), we did not find
any effect of TP on the sub-fossil cladoceran
assemblages.

In summary, notwithstanding differential preserva-
tion of taxa and the fact that contemporary and
sedimentary samples represent different time periods,
we found good correspondence between the contem-
porary community sampled in late summer and the
sub-fossil assemblages of surface sediment samples
gathered from the deepest part of the lakes. Further-
more, diversity and richness of cladocerans in both
datasets decreased with increasing salinity. The data
demonstrated that sedimentary fossil Cladocera could
be used instead of contemporary assemblages to
reflect assemblage composition (87 % of the taxa
recorded in water column were represented by the
sedimentary remains) and that sedimentary remains
show the controlling environmental factors shaping
them in a similar way to the modern assemblages. In
addition, the higher diversity and richness for the
sedimentary assemblages suggest that a composite
surface sediment sample from the deepest point of the
lakes may provide reasonable sample material for
evaluation of cladoceran diversity in shallow lakes, as
in other studies (Nevalainen 2010; Davidson et al.
2013). However, it should be noted that sedimentary
remains do not provide important information on
seasonality or other aspects of population dynamics
and are thus not equivalent to modern sampling. What
is apparent is that sub-fossil cladoceran assemblages
can be reliably used to track past change in Mediter-
ranean lake ecosystems and, provided that the prob-
lems of the multiple structuring forces are addressed
(Davidson et al. 2011b), can be used to reconstruct
past environmental change in these highly dynamic
(e.g. in terms of water level and salinity) lakes.
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