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Abstract Taxonomic distinctness indices measure
the taxonomic relatedness among species and have
been used for environmental assessment to detect
disturbed habitats. This is the first application of the
Average Taxonomic Distinctness (A™) and Variance
in Taxonomic Distinctness (A1) indices to the pres-
ence/absence data of rotifer communities to examine
their sensitiveness in discriminating perturbed envi-
ronments. The 26 Greek lakes studied spanned a wide
range of morphological and physical-chemical char-
acteristics. A* was significantly correlated (P < 0.05)
with maximum depth, salinity and trophic state, while
A" was correlated only with salinity. The index A™
identified lakes characterized by periods of increased
salinity. Communities in these lakes were less diverse,
consisting of more closely related species as seen by
the reduced number of families than other lakes with
similar species richness. Lakes identified by A" had a
higher community distinctness than expected due to
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the overrepresentation of the family Brachionidae;
they were also characterized by periods of water-level
fluctuations. Both indices were unaffected by sam-
pling effort in terms of number of species and
sampling visits; whereas Shannon diversity index
(H') was correlated to species number. Also, based on
the randomization test, the taxonomic distinctness
indices differentiated lakes anthropogenically dis-
turbed based on the expected patterns of diversity of
the area.
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Introduction

The phylum Rotifera comprised microscopic inverte-
brates that play an important role in the aquatic food
web. Due to their short generation time and their
reproductive mode, rotifers show rapid local adapta-
tions (Wallace et al., 2006) making them useful
indicators of environmental change. Furthermore,
rotifers have been used in aquatic ecotoxicology
(e.g. Snell & Joaquim-Justo, 2007), in assessing the
trophic state of lakes (e.g. Ejsmont-Karabin, 2012) and
in providing information about water quality (Azémar
et al., 2010), but they have been neglected in recently
developed multimetric indices for the assessment of
ecological water quality (Moss et al., 2003; Kane et al.,
2009). Based on the taxonomic relatedness among
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species, Warwick & Clarke (1995) introduced an
alternative measure of biodiversity; this was taxo-
nomic distinctness, which measures the average
degree to which individuals of an assemblage are
related to each other. Based on the above concept,
Warwick & Clarke (1998, 2001) described two
indices, Average Taxonomic Distinctness (A™) and
Variation in Taxonomic Distinctness (A™) that can be
applied on the presence/absence of the data. More-
over, these indices are independent of sampling effort
and sample size (Leonard et al., 2006; Costa et al.,
2010). As such, these indices are suitable for compar-
ing species lists from different studies with different
sampling effort, even for historic data (Schweiger
etal.,2008). A further advantage of these indices is the
randomization test that allows comparisons between
an observed taxonomic distinctness measure and its
expected range of variation (Clarke & Warwick, 1998;
2001). The randomization test is based on the expec-
tation that a random selection from a regional species
pool (hereafter called the master species list) deter-
mines a baseline against which biodiversity patterns
change (Warwick & Somerfield, 2015). Thus, vari-
ability in biodiversity due to natural environmental
factors generally falls within a predictable range,
while anthropogenic perturbation modifies the
expected pattern reducing biodiversity (Leonard
et al., 2006). Based on this, it has been proposed that
taxonomic distinctness indices can be appropriate
indicators of the effects that anthropogenic distur-
bances have on biodiversity over a range of spatial and
temporal scales (Leonard et al., 2006).

Taxonomic distinctness indices have shown sensi-
tiveness in discriminating perturbed environments in
marine systems (e.g. Clarke & Warwick 1998;
Leonard et al., 2006), mainly, but also in estuaries
(e.g. Tweedley et al., 2015) and subterranean areas
(Gallao & Bichuette, 2015). When applied to fresh-
water systems, they have not always been correlated
with anthropogenic degradation. Bhat & Magurran
(2006), using fish community data, could not identify
polluted sites in rivers whereas, in contrast, Leira et al.
(2009), using data of diatom assemblages, was able to
correlate them with eutrophication due to increased
nutrient availability in lakes. It has been argued that
the effectiveness of these indices is influenced by the
special features of the different communities such as
endemicity, dispersal ability, tolerance range to
different parameters and even the taxonomic system
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(e.g. Ellingsen et al., 2005; Abellan et al., 2006; Heino
et al., 2007).

Rotifers comprise more than 2,000 species and can
occur in high densities. Due to their variable adaption
and colonization ability, they can be found in both
marine and freshwater systems, from large permanent
lakes to small temporal puddles, from natron to acidic
lakes, and from hyperoligotrophic lakes to sewage
ponds (Fontaneto et al., 2006; Segers, 2008). Because
of their taxonomic variety and capacity for adaption to
different habitats, we examined the sensitiveness of
the taxonomic distinctness indices (A", A™) of rotifer
communities in discriminating disturbed environ-
ments. We tested the hypothesis that the species
present at any lake represent a random selection from
the master species list except in perturbed environ-
ments. We evaluated the departure of rotifer distinct-
ness of the studied lakes from the expected values
using the randomization test and studied taxonomic
indices variation in relation to the morphological and
physical-chemical characteristics of the lakes. In
addition, we estimated commonly used indices,
namely the Shannon diversity index (H') and Pielou’s
evenness (J'), to demonstrate the advantages of the
taxonomic distinctness indices.

Materials and methods
Data collection

In our analysis, we used data from 26 Greek lakes
(Fig. 1). The lakes encompass a wide range of surface
area, maximum depth, salinity as indicated by con-
ductivity and trophic state as indicated by mean
summer phytoplankton biomass (Table 1); all of the
lakes are alkaline (pH >8). The dataset we used
comprised published data from 1987 to 2011 and
current data from 2012 to date. The number of samples
ranged from 1 to 32 (Online Resource 1—Supple-
mentary materials). The sampling protocol followed
before 2012 is well described by Mazaris et al. (2010)
and Moustaka-Gouni et al. (2014). Samples from 2012
onwards were collected from the water column in the
deepest part of the lake using plankton nets of 50 um
mesh size and preserved in 4% formalin (final
concentration). At least 400 individuals per sample
were counted for abundance estimation. Rotifers,
except Bdelloidea, were identified to the lowest
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Fig. 1 Map of Greece
showing the locations of the
26 lakes included in the
study. Abbreviations
Amvrakia (A),
Cheimaditida (Ch), Doirani
(D), Doxa-Feneou (DF),
Ismarida (I), Karla (Ka),
Kastorias (K), Koronia (Ko),
Kournas (Kou), Ladona (L),
Lysimachia (Ly), Megali
Prespa (MPr), Mikri Prespa
(MP), Ozeros (0O),
Pamvotida (Pa), Petron (Pe),
Pikrolimni (P), Piniou (Pi),
Stymfalia (S), Tavropos (T),
Trichonida (Tr), Vegoritida
(Ve), Volvi (Vo), Voulkaria
(V), Yliki (Y), Zazari (Z)

0 2550
H+————+

100 Km

possible taxonomic level (genus or species) using the
taxonomic keys of Koste (1978), Nogrady et al.
(1995), Segers (1995) and Nogrady & Segers (2002).

Diversity indices

We applied two taxonomic distinctness indices. The
first was the Average Taxonomic Distinctness A™
index, which is the average path length through a
taxonomic tree, based on Linnean classification tax-
onomy, connecting every pair of species in the tree
(Clarke & Warwick, 1998). The second was the index
of Variation in Taxonomic Distinctness A™, which
reflects the unevenness of the taxonomic tree and is the
variance of the path lengths between every pair of
species in the list (Clarke & Warwick, 2001). The
above indices were calculated based on presence/
absence data according to the following equations:

+ {Z Ei<j a),]]
r o W and
AT = [Z >ieilwy— A+)2]

=

where w;; is the distinctness weight given to the path
length linking species i and j in the taxonomic tree, and
s is the number of species present in the sample
(Clarke & Warwick, 1998, 2001).

The taxonomic distinctness indices were applied to
presence/absence rotifer community data from 26
Greek lakes. Each lake was considered as a sample
with the species list consisting of the species present
during the study period. The taxonomic tree consisted
of six taxonomic levels, namely species, genus,
family, order, superorder and class, and was based
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Table 1 Morphological and physical-chemical characteristics of the 26 Greek lakes used in the study

Lakes Maximum Surface Conductivity® Phytoplankton Literature®
depth (m) area (kmz) (mS em™ ) biomass® (mg N

Amvrakia 37.0 14.2 0.98 -

Cheimaditida 2.5 10.8 0.39 33.99 2
Doirani 5.5 28.0 0.88 22.61 3
Doxa-Feneou 40.0 5.0 0.35 0.02 1
Ismarida 1.5 2.5 40.05 54.19 4
Karla 2.9 37.4 4.88 20.75 1
Kastorias 8.0 24.0 0.34 12.08 5
Koronia 1.0 42.5 18.10 21.00 6
Kournas 22.5 0.4 1.88 0.76 1
Ladona 50.0 1.5 0.41 0.87 1
Lysimachia 9.0 13.5 0.37 13.97 1
Megali Prespa 50.0 266.0 0.35 5.80 7
Mikri Prespa 8.4 48.5 0.30 29.76 8
Ozeros 2.0 10.1 0.32 2.31 1
Pamvotida 11.0 19.4 0.34 -

Petron 3.5 8.0 0.95 9.16 9
Pikrolimni 1.0 3.8 83.30 -

Piniou 43.0 19.5 0.37 0.52 1
Stymfalia 5.0 3.5 0.31 -

Tavropos 70.0 21.6 0.23 0.16 8
Trichonida 58.0 96.5 0.36 -

Vegoritida 40.0 39.7 0.69 1.85 8
Volvi 19.0 68.6 1.09 2.80 8
Voulkaria 2.5 9.2 1.27 21.40 1
Yliki 20.0 19.6 0.37 40.27 8
Zazari 3.0 1.9 0.18 12.01 2

# Measurements were carried out by the Greek Biotope/Wetland Centre in the framework of the National Monitoring Network of
Water Quality and Quantity (defined by the Common Ministerial Decree 140384/2011) under the coordination and supervision of the
Special Secretariat for Water. Funded by the European Regional Development Fund and National Resources—Operational
Programme “Environment and Sustainable Development 2007-2013”

° Phytoplankton biomass refers to mean summer biomass values, (-) indicates that measures of phytoplankton biomass are not
available for the period that zooplankton was sampled (Table S1—Supplementary materials)

¢ References for phytoplankton biomass: 1 Moustaka-Gouni & Katsiapi (unpublished), 2 ROP of Western Macedonia (2001), 3

Polykarpou (2006), 4 Moustaka-Gouni et al. (2011), 5 Moustaka-Gouni et al. (2006), 6 Michaloudi et al. (2012), 7 Katsiapi et al.
(2012), 8 Moustaka-Gouni et al. (2014), 9 Moustaka-Gouni (unpublished)

on equal step lengths. So, species connected at the
highest level had a value of w = 100. The Rotifer
World Catalog (Jersabek & Leitner, 2013) was used to
confirm all taxonomic information (i.e. spellings,
synonyms, valid names). The master species list was
compiled from records of all rotifer species that have
been recorded from freshwater systems in Greece
(Michaloudi et al., unpublished), studies included in
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Online Resource 1—Supplementary materials and
Zarfdjian & Economidis (1989). The randomization
test was applied to both indices to test the null
hypothesis that the species present in any lake
represent a random selection from the master species
list (Clarke & Warwick, 1998, 2001). The indices were
quantified and the randomization test was conducted
using the TAXDTEST procedure in the PRIMER-E
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(Plymouth Routines In Multivariate Ecological
Research) v.6 software package (Clarke & Gorley,
2006).

Acknowledging that cases of Genus sp. existed in
older studies we also performed the analyses using two
different master species lists to account for the effect
of different decisions on handling these cases (Online
Resources 2 and 3—Supplementary materials): (1) the
genera Collotheca, Conochilus and Synchaeta, were
considered as a single Genus sp., i.e. Collotheca sp.,
Conochilus sp. and Synchaeta sp. because they were
not identified to species level in the majority of the 26
lakes; (2) all Genus sp. cases were excluded from the
master species list. In addition, we performed the
analyses based on a taxonomic tree consisting of five
taxonomic levels (genus to class) without changing the
master species list.

Commonly used diversity indices, namely Shannon
diversity index (H') and Pielou’s evenness (J'), were
calculated based on abundance data if these data were
available. For each lake the dataset consisted of the
sum of abundances for each species recorded during
all sampling visits. The values of H' and J' were
quantified using the DIVERSE procedure in the
PRIMER-E v.6 software package (Clarke & Gorley,
20006).

Statistical analysis

Linear regression was applied to test the independence
of the diversity indices (A", A*, H' and J') from
sampling effort. Sampling effort was estimated with
the use of two proxies, the number of species and the
number of sampling visits.

In order to determine whether indices A* and A™
differ significantly with maximum conductivity (salin-
ity) and trophic state, the lakes were classified into two
categories according to their maximum conductivity
(0-2 and 4-90 mS cm_l) and four categories accord-
ing to their trophic state (oligotrophic 0.02-1 mg 17",
mesotrophic 1-6 mg 17!, eutrophic 7-15 mg 17",
hypereutrophic 20-55 mg 1™') as determined from
their phytoplankton biomass (Table 1). The mean
summer values for phytoplankton biomass during the
same period as zooplankton samples were collected
and were used as a proxy of trophic state because
nutrient data were not available. Values for maximum
conductivity were the maximum value recorded in
each lake up to the study period to indicate freshwater

lakes with periods of increased salinity. Kruskal-
Wallis test and Bonferroni test were applied to reveal
if the taxonomic distinctness indices (A" and A1) and
the traditional indices (H' and J') differed between
groups based on the above parameters. Weight cases
for each parameter were used to reduce bias due to
there being different number of lakes in each group.
Linear regression was applied in order to determine
whether the taxonomic distinctness indices (A" and
A™) and the traditional indices (H' and J') were
significantly correlated with maximum depth and
surface area. All statistical analyses were performed
using IBM SPSS Statistics 22.

Results

The master species list consisted of 142 rotifer species.
These have been classified into 39 genera, 20 families,
four orders, two superorders and one class. The dataset
consisting of the rotifer communities from the 26
Greek lakes were used to calculate the taxonomic
distinctness indices. These included 111 species
belonging to 34 genera, 20 families, four orders, two
superorders and one class (Online Resource 2—
Supplementary materials).

Average Taxonomic Distinctness A™ varied, rang-
ing from 39.35 for Lake Karla to 72.22 for Lake Doxa-
Feneou (Table 2). Variation in Taxonomic Distinct-
ness A* ranged from 153.34 for Lake Stymfalia to
734.48 for Lake Koronia (Table 2). Shannon diversity
index (H') varied from 0.94 for Lake Tavropos to 3.23
for Lake Cheimaditida (Table 2). Pielou’s evenness
(J) ranged from 0.34 for Lake Yliki to 0.80 for Lake
Piniou (Table 2). All indices were not correlated
significantly with the number of sampling visits (A™:
R*=0.07, P =0.19, A*: R = 0.01, P = 0.65, H":
R*=0.03, P =043 and J: R* = 0.03, P = 0.41),
whereas only H' was correlated significantly with the
number of species (A™: R>=0.03, P =039, A":
R* =005, P =029, H: R = 0.56, P < 0.001, J":
R* = 0.0003, P = 0.94) (Fig. 2).

A" differentiated significantly between the cate-
gories of conductivity (H = 17.05, P < 0.0001) and
trophic state (H = 26.87, P < 0.0001) and it was
significantly correlated with maximum depth
(P < 0.05) (Fig. 3). A" differentiated significantly
between the categories of conductivity (H = 7.16,
P < 0.05) (Fig. 4). H' was not significantly correlated
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Fig. 2 Scatter plot of (a) Average Taxonomic Distinctnessp

(A™), (b) Variation in Taxonomic Distinctness (A1) for 26
Greek lakes, (¢) Shannon index (H') and (d) Pielou’s evenness
(J) for 23 Greek lakes against the number of species (S), and
(e) Average Taxonomic Distinctness (A1), (f) Variation in
Taxonomic Distinctness (A™) for 26 Greek lakes, (g) Shannon
index (H') and (h) Pielou’s evenness (J') for 23 Greek lakes
against the number of sampling visits (SV). The relationships
were fitted with linear regressions (a) AT = 57.7658 — 0.1368 S
(RZ=0.03, P=039), (b) AT =436967 — 3.0813 S
(RZ=005, P=029), (¢0 H =10143+0.0731 S
(R* =056, P<0.001), (d J =0.57595 — 0.0003 S
( R* =0.0003, P =0.94), (e) A" =57.1155 — 0.1973 SV
(RZ=007, P=0.19), (f) AT =3744287 + 1.2679 SV
(RZ=001, P=0.65, (g H =19389+0.0125 SV
(RZ=0.03, P=043), (h) J =059%1 — 00027 SV
(R> =0.03, P = 041)

Table 2 Number of species (S), Average Taxonomic
Distinctness (A™), Variation in Taxonomic Distinctness (A™),
Shannon diversity index (H') and Pielou’s evenness (J') for
rotifer communities from the 26 Greek lakes used in the study

Lakes S AT AT H J

Amvrakia 17 58.95 461.23 2.33 0.60
Cheimaditida 30 54.52 344.82 3.23 0.68
Doirani 22 55.05 469.92 2.90 0.66
Doxa-Feneou 3 72.22 246.91 1.25 0.79
Ismarida 27 50.43 404.22 2.25 0.48
Karla 9 39.35 604.21 1.47 0.46
Kastorias 31 54.98 312.69 3.17 0.73
Koronia 14 42.31 734.48 1.91 0.52
Kournas 5 60.00 455.56 1.36 0.68
Ladona 22 57.00 267.28 3.06 0.68
Lysimachia 11 55.76 476.95 - -

Megali Prespa 12 61.62 412.20 2.34 0.74
Mikri Prespa 29 55.50 321.41 2.86 0.62

Ozeros 13 61.54 507.89 1.82 0.55
Pamvotida 9 53.24 367.58 - -

Petron 12 54.80 460.99 2.02 0.55
Pikrolimni 11 49.09 367.86 2.13 0.64
Piniou 8 62.50 389.38 2.25 0.80
Stymfalia 15 53.65 153.34 1.63 0.43
Tavropos 15 50.63 248.27 0.94 0.36
Trichonida 11 63.94 320.84 1.84 0.53
Vegoritida 15 53.97 362.56 1.26 0.36
Volvi 30 56.90 350.91 2.07 0.54
Voulkaria 19 53.70 288.43 1.64 0.39
Yliki 17 53.31 342.40 1.30 0.34
Zazari 31 57.03 338.94 - -

— Indicate lakes where species abundance data were not
available
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with any parameter and did not differentiate among the
categories conductivity and trophic state (Fig. 5). For
J', significant differences were recorded only between
the categories of trophic state (H = 8.53, P < 0.05)
(Fig. 6).

The randomization test applied to A™ showed that
even though many lakes had values below the
theoretical mean, the majority fell within the 95%
probability funnel (Fig. 7a). However, Lakes Karla
and Koronia had lower community distinctness than
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Fig. 3 Box plots of Average Taxonomic Distinctness (A™) for
rotifer species lists of the 26 Greek lakes grouped by (a) salinity
(P <0.0001) and (b) trophic state, Oli oligotrophic, Mes
mesotrophic, Eu eutrophic and Hyp hypereutrophic
(P < 0.0001). *, ** Significant differences (Bonferroni test).
Scatter plot of Average Taxonomic Distinctness (A™) per lake
(open diamond) against (c) the maximum depth and (d) surface
area. The relationships were fitted with linear regressions
At =527212 4+ 0.1355 maximum depth (R* = 0.20,
P<0.05) and A" =52835+40.0201 surface area
(R* = 0.03, P = 0.43), respectively

expected from the general taxonomic relationships in
the species pool. Furthermore, the low values of A*
recorded for Lakes Karla and Koronia, and for Lakes
Ismarida and Pikrolimni, were accompanied by a
lower number of rotifer families compared to their
species richness (Fig. 8).

For A" the randomization test showed that all lakes
had higher values than the lower 95% limit of the
probability funnel. However, eight lakes (Amvrakia,
Doirani, Ismarida, Karla, Koronia, Lysimachia, Oze-
ros and Petron) were placed above the funnel
(Fig. 7b). For these lakes, the rotifer community was
overrepresented by species of the family Brachion-
idae, which had a more than 40% contribution to the
species richness of the above lakes (Fig. 9).

When the randomization test for AT and A" was
performed using the different master species lists, the
same lakes were identified as shown in Figs. I and II
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Fig. 4 Box plots of Variation in Taxonomic Distinctness (A™)
for rotifer species lists of the 26 Greek lakes grouped by
(a) salinity (P < 0.05) and (b) trophic state, Oli oligotrophic,
Mes mesotrophic, Eu eutrophic and Hyp hypereutrophic
(P = 0.32). Scatter plot of Variation in Taxonomic Distinctness
(A™) per lake (open diamond), against (c) the maximum depth
and (d) surface area. The relationships were fitted with linear
regressions A" = 418.9108 4+ 1.6745 maximum depth
(R* = 0.09, P = 0.13) and A* = 3799.3283 + 0.1838 surface
area (R2 = 0.01, P = 0.69), respectively

(Online Resource 3—Supplementary materials).
When the randomization test was applied for A"
based on a taxonomic tree with five taxonomic levels,
all lakes were placed within the probability funnel
(Fig. III, Online Resource 3—Supplementary
materials).

Discussion

Rotifer diversity is known to be influenced by a range
of factors such as depth, salinity, surface area and
trophic state (e.g. Green & Mengestou, 1991; Ejs-
mont-Karabin, 1995; Allen et al., 1999). We examined
these in relation to taxonomic indices. All factors
except from surface area showed significant differ-
ences for AT. Nevertheless, the lowest values of A"
were recorded for Lakes Ismarida, Karla, Koronia and
Pikrolimni, which are characterized by periods of
increased salinity (Table 1). Salinity influences rotifer
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Fig. 5 Box plots of Shannon index (H') for rotifer samples of
the 23 Greek lakes grouped by (a) salinity (P = 0.83) and
(b) trophic state, Oli oligotrophic, Mes mesotrophic, Eu
eutrophic and Hyp hypereutrophic (P = 0.23). Scatter plot of
Shannon index (H') per lake (open diamond), against (¢) the
maximum depth and (d) surface area. The relationships were
fitted with linear regressions H' = 2.1963 — 0.0066 maximum
depth (R* = 0.05, P = 0.28) and H' = 2.0089 + 0.0011 sur-
face area (R* = 0.008, P = 0.09), respectively

assemblages, with different species being found in salt
lakes with different level of salinity and with different
anion dominance (e.g. salt lakes with chloride,
sulphate or carbonate-dominated water) (Hammer,
1993; Derry et al., 2003). It is recognized that salinity
affects rotifer community structure because increased
salinity leads to decreased biodiversity (e.g. Sladecek,
1983; Athibai et al., 2013). Nevertheless, the lowest
values of A™ did not reflect lower species diversity in
terms of species richness. Instead, they indicated less
diverse communities with more closely related
species, as reflected in the reduced number of families
recorded in comparison to lakes with similar species
richness. Apart from identifying communities from
lakes with incidence of increased salinity, the ran-
domization test, which discriminates anthropogeni-
cally perturbed lakes, differentiated Lakes Karla and
Koronia, which have high conductivity due to anthro-
pogenic interventions (Michaloudi et al., 2012;
Papadimitriou et al., 2013). In contrast, Lake
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Fig. 6 Box plots of Pielou’s evenness (J') for rotifer samples of
the 23 Greek lakes grouped by (a) salinity (P = 0.20) and
(b) trophic state, Oli oligotrophic, Mes mesotrophic, Eu
eutrophic and Hyp hypereutrophic (P < 0.05). * ** Significant
differences (Bonferroni test). Scatter plot of Pielou’s evenness
(J") per lake (open diamond), against (¢) the maximum depth and
(d) surface area. The relationships were fitted with linear
regressions J' = 0.5581 + 0.0006 maximum depth
(R* =0.009, P =0.67) and J' = 0.4465 + 0.0004 surface
area (R2 = 0.028, P = 0.45), respectively

Pikrolimni as a natron lake (Dotsika et al., 2009) and
Lake Ismarida, which has interactions with seawater
(Moustaka-Gouni et al., 2011), have high conductivity
due to natural processes and fell within the 95%
probability funnel. Thus, A applied on rotifer com-
munities in lakes confirms the hypothesis that the
species present in any lake represent a random
selection from the master species list except in the
anthropogenically perturbed environments.

The lakes with the increased salinity that were
identified by the randomization test of A™ had also the
highest values of AT that differed significantly
between groups based on salinity. Lakes with high
A" values were placed outside of the 95% probability
funnel reflecting the unevenness of the taxonomic
structure due to overrepresentation of taxa from the
family Brachionidae, mainly of the genera Brachionus
and Keratella. These lakes [Amvrakia (Dafis et al.,
1997), Doirani (Myronidis et al., 2012), Ismarida
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(Moustaka-Gouni et al., 2011), Karla (Papadimitriou
et al., 2013), Koronia (Michaloudi et al., 2012),
Lysimachia (Dafis et al., 1997), Ozeros (Dafis et al.,
1997) and Petron (Dimitrakopoulos & Koumantakis,
2008)] are characterized by increased water-level
fluctuations, mainly due to unsustainable water man-
agement. Similarly, a dominance of Brachionidae taxa
was also found in Lakes Pikrolimni, Vegoritida and
Yliki, which also experience water-level fluctuations
(Koussis et al., 2002; Dimitrakopoulos & Kouman-
takis, 2008; Dotsika et al., 2009). However, A" failed
to differentiate them because these lakes fell inside of
the 95% probability funnel. Data on the hydrological
aspects of these lakes could probably have helped
interpret the above differentiation. Hydrological
aspects such as water-level fluctuation and water
residence time have been found to influence

zooplankton assemblage patterns (Geraldes & Boa-
vida, 2007; Obertegger et al., 2007), although the
effects of these parameters on zooplankton communi-
ties are not well studied (Leira & Cantonati, 2008). In
our study, the result was an overrepresentation of
closely related species (i.e. species of the Brachion-
idae family). Similar results have been found in
different studies (e.g. Casanova et al., 2009; Nova
et al., 2014), with different species of the genus
Brachionus being predominant in both low and high
water phases (Chaparro et al., 2011).

The analyses performed using the traditional
diversity indices revealed statistically significant dif-
ferences only among the categories of trophic state for
J'. The information conveyed by these indices is in
terms of abundance, indicating for A’ the dominance
of one or more species and for J' the equitability of
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the rotifer assemblages of the 26 Greek lakes. Abbreviations
based on Fig. 1

their distribution in the community as a result of the
environmental variable (Magurran, 2004). The taxo-
nomic relatedness between species is not taken into

@ Springer

depended on sampling methodologies does not allow
the use of existing data or for comparison of species
lists from different regions, and across different
methodologies and sampling effort (Clarke & War-
wick, 1998; Magurran, 2004). Furthermore, traditional
diversity indices do not have a statistical framework,
such as the randomization test to differentiate a region
based on expected diversity (Leonard et al., 2006).
Nevertheless, for the taxonomic distinctness indices
identification should be done down to species level in
order to identify deviation from the expected biodi-
versity pattern.

In this study, we have shown that taxonomic
distinctness indices applied to rotifer communities
can identify disturbed lakes based on the taxonomic
relatedness of the species present. Based on the
randomization test, lakes with different taxonomic
diversity than expected are influenced by increased
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salinity or water-level fluctuation. Thus, taxonomic
distinctness indices based on rotifers may prove to be a
useful tool in ecosystem monitoring, identifying lake
disturbance in an easy and cost-effective way consid-
ering that they are insensitive to sampling effort and
easy to measure because they rely on presence/
absence data, only, and rotifers are easy and inexpen-
sive to sampling. Our conclusions need to be tested
further across a wider range of lakes because of the
differences that are likely to occur across geographical
regions.

Acknowledgements The authors are grateful for the support
staff of the Greek Biotope/Wetland Center who collected the
samples from 2012 onwards within the framework of the
National Monitoring Network of Water Quality and Quantity
(defined by the Common Ministerial Decree 140384/2011) and
M. Moustaka-Gouni, M. Katsiapi and M. H. Zarfdjian who
supported our analyses by supplying unpublished data. We
gratefully acknowledge the efforts of two anonymous reviewers
and D. Fontaneto whose valuable suggestions were extremely
helpful to finally shape the manuscript.

References

Abellan, P., D. T. Bilton, A. Millan, D. Sanchez-Fernandez & P.
M. Ramsay, 2006. Can taxonomic distinctness assess
anthropogenic impacts in inland waters? A case study from
a Mediterranean river basin. Freshwater Biology 51:
1744-1756.

Allen, A. P., T. R. Whittier, P. R. Kaufmann, D. P. Larsen, R.
J. O’Connor, R. M. Hughes, R. S. Stemberger, S. S. Dixit,
R. O. Brinkhurst, A. T. Herlihy & S. G. Paulsen, 1999.
Concordance of taxonomic richness patterns across mul-
tiple assemblages in lakes of the northeastern United
States. Canadian Journal of Fisheries and Aquatic Sciences
56: 739-747.

Athibai, S., H. Segers & L. Sanoamuang, 2013. Diversity and
distribution of Brachionidae (Rotifera) in Thailand, with a
key to the species. Journal of Limnology 72: 345-360.

Azémar, F., T. Maris, B. Mialet, H. Segers, S. Van Damme, P.
Meire & M. Tagkx, 2010. Rotifers in the Schelde estuary
(Belgium): a test of taxonomic relevance. Journal of
Plankton Research 32: 981-997.

Bhat, A. & A. E. Magurran, 2006. Taxonomic distinctness in a
linear system: a test using a tropical freshwater fish
assemblage. Ecography 29: 104-110.

Casanova, S. M. C., E. A. Panarelli & R. Henry, 2009. Rotifer
abundance, biomass, and secondary production after the
recovery of hydrologic connectivity between a river and
two marginal lakes. Limnologica 39: 292-301.

Chaparro, G., M. C. Marinone, R. J. Lombardo, M. R. Schi-
affino, A. de Souza Guimardes & 1. O’Farrell, 2011. Zoo-
plankton succession during extraordinary drought—flood
cycles: a case study in a South American floodplain lake.
Limnologica 41: 371-381.

Clarke, K. R. & R. N. Gorley, 2006. Primer v6: User Manual/
Tutorial. PRIMER-E, Plymouth.

Clarke, K. R. & R. M. Warwick, 1998. A taxonomic distinctness
index and its statistical properties. Journal of Applied
Ecology 35: 523-531.

Clarke, K. R. & R. M. Warwick, 2001. A further biodiversity
index applicable to species lists: variation in taxonomic
distinctness. Marine Ecology Progress Series 216:
265-278.

Costa, T. L., T. D. O’Hara & M. J. Keough, 2010. Measures of
taxonomic distinctness do not reliably assess anthro-
pogenic impacts on intertidal mollusc communities. Mar-
ine Ecology Progress Series 413: 81-93.

Dafis, S., S. Papastergiadou, K. Georghiou, D.Babalonas, T.
Georgiadis, M. Papageorgiou, E. Lazaridou & V. Tsiaousi,
1997. The Greek Habitat Project (Directive 92/43/EEC)
NATURA 2000: An Overview. LIFE contract B4-3200/94/
756. Commission of the European Communities DG XI,
The Goulandris Natural History Museum — Greek Biotope/
Wetland Centre, Athens.

Derry, A. M., E. E. Prepas & P. D. N. Hebert, 2003. A com-
parison of zooplankton communities in saline lakewater
with variable anion composition. Hydrobiologia 505:
199-215.

Dimitrakopoulos, D. & J. Koumantakis, 2008. Hydrogeological
conditions in amynteon open lignite mine and design of
dewatering measures. In Rapantova, N. & Z. Hrkal (eds)
Mine Water and the Environment. VSB — Technical
University of Ostrava, Ostrava: 421-424.

Dotsika, E., D. Poutoukis, I. Tzavidopoulos, Y. Maniatis, D.
Ignatiadou & B. Raco, 2009. A natron source at Pikrolimni
Lake in Greece? Geochemical evidence. Journal of Geo-
chemical Exploration 103: 133-143.

Ejsmont-Karabin, J., 1995. Rotifer occurrence in relation to age,
depth and trophic state of quarry lakes. Hydrobiologia
313(314): 21-28.

Ejsmont-Karabin, J., 2012. The usefulness of zooplankton as
lake ecosystem indicators: rotifer trophic state index. Pol-
ish Journal of Ecology 60: 339-350.

Ellingsen, K. E., K. R. Clarke, P. J. Somerfield & R. M. War-
wick, 2005. Taxonomic distinctness as a measure of
diversity applied over a large scale: the benthos of the
Norwegian continental shelf. Journal of Animal Ecology
74: 1069-1079.

Fontaneto, D., W. H. De Smet & C. Ricci, 2006. Rotifers in
saltwater environments, re-evaluation of an inconspicuous
taxon. Journal of the Marine Biological Association of the
United Kingdom 86: 623-656.

Gallao, J. E. & M. E. Bichuette, 2015. Taxonomic distinctness
and conservation of a new high biodiversity subterranean
area in Brazil. Anais da Academia Brasileira de Ciéncias
87: 209-217.

Geraldes, M. & M. J. Boavida, 2007. Zooplankton assemblages
in two reservoirs one subjected to accentuated water level
fluctuations, the other with more stable water levels.
Aquatic Ecology 41: 273-284.

Gosselin, F., 2006. An assessment of the dependence of even-
ness indices on species richness. Journal of Theoretical
Biology 242: 591-597.

@ Springer



330

Hydrobiologia (2017) 796:319-331

Green, J. & S. Mengestou, 1991. Specific diversity and com-
munity structure of Rotifera in a salinity series of Ethiopian
inland waters. Hydrobiologia 209: 95-116.

Hammer, U. T., 1993. Zooplankton distribution and abundance
in saline lakes of Alberta and Saskatchewan, Canada.
International Journal of Salt Lake Research 2: 111-132.

Heino, J., H. Mykrd, H. Hidmaldinen, J. Aroviita & T. Muotka,
2007. Responses of taxonomic distinctness and species
diversity indices to anthropogenic impacts and natural
environmental gradients in stream macroinvertebrates.
Freshwater Biology 52: 1846-1861.

Jersabek, C. D. & M. F. Leitner, 2013. The Rotifer World
Catalog. World Wide Web electronic Publication. http://
www.rotifera.hausdernatur.at/, accessed September 2015.

Kane, D. D., S. I. D. Gordon, M. Munawar, M. N. Charlton & D.
A. Culver, 2009. The Planktonic Index of Biotic Integrity
(P-IBI): an approach for assessing lake ecosystem health.
Ecological Indicators 9: 1234—1247.

Katsiapi, M., E. Michaloudi, M. Moustaka-Gouni & J. Pahissa
Lopez, 2012. First ecological evaluation of the ancient
Balkan Lake Megali Prespa based on plankton. Journal of
Biological Research-Thessaloniki 17: 51-56.

Koste, W., 1978. Rotatoria, die Radertiere Mitteleuropas.
Gebriider Borntraeger, Berlin.

Koussis, A. D., A. Kotronarou, G. Destouni & C. Prieto, 2002.
Intensive groundwater development in coastal zones and
small islands. In Lliamas, R. & E. Custodio (eds), Intensive
Use of Groundwater: Challenges and Opportunities.
Balkema, Rotterdam: 133-155.

Leira, M. & M. Cantonati, 2008. Effects of water-level fluctu-
ations on lakes: an annotated bibliography. Hydrobiologia
613: 171-184.

Leira, M., G. Chen, C. Dalton, K. Irvine & D. Taylor, 2009.
Patterns in freshwater diatom taxonomic distinctness along
an eutrophication gradient. Freshwater Biology 54: 1-14.

Leonard, D. R. P., K. R. Clarke, P. J. Somerfield & R. M. War-
wick, 2006. The application of an indicator based on tax-
onomic distinctness for UK marine biodiversity
assessments. Journal of Environmental Management 78:
52-62.

Magurran, A. E., 2004. Measuring Biological Diversity.
Blackwell Publishing, UK.

Mazaris, A. D., M. Moustaka-Gouni, E. Michaloudi & D.
C. Bobori, 2010. Biogeographical patterns of freshwater
micro- and macroorganisms: a comparison between phy-
toplankton, zooplankton and fish in the eastern Mediter-
ranean. Journal of Biogeography 37: 1341-1351.

Michaloudi, E., M. Moustaka-Gouni, K. Pantelidakis, M. Kat-
siapi & S. Genitsaris, 2012. Plankton succession in the
temporary lake Koronia after intermittent dry-out. Inter-
national Review of Hydrobiology 97: 1-15.

Moss, B., D. Stephen, C. Alvarez, E. Becares, W. van de Bund,
S. E. Collings, E. van Donk, E. de Eyto, T. Feldmann, C.
Fernandez-Alaez, M. Fernandez-Alaez, R. J. M. Franken,
F. Garcia-Criado, E. M. Gross, M. Gyllstrom, L.
A. Hansson, K. Irvine, A. Jarvalt, J. P. Jensen, E. Jeppesen,
T. Kairesalo, R. Kornijéw, T. Krause, H. Kiinnap, A. Laas,
E. Lill, B. Lorens, H. Luup, M. R. Miracle, P. Noges, T.
Noges, M. Nykidnen, I. Ott, W. Peczula, E. T. H.
M. Peeters, G. Phillips, S. Romo, V. Russell, J. Salujoe, M.
Scheffer, K. Siewertsen, H. Smal, C. Tesch, H. Timm, L.

@ Springer

Tuvikene, 1. Tonno, T. Virro, E. Vicente & D. Wilson,
2003. The determination of ecological status in shallow
lakes — a tested system (ECOFRAME) for implementation
of the European Water Framework Directive. Aquatic
Conservation: Marine Freshwater Ecosystem 13: 507-549.

Moustaka-Gouni, M., E. Vardaka, E. Michaloudi, K. A. Kor-
mas, E. Tryfon, H. Mihalatou, S. Gkelis & T. Lanaras,
2006. Plankton food web structure in a eutrophic
polymictic lake with a history of toxic cyanobacterial
blooms. Limnology and Oceanography 51: 715-727.

Moustaka-Gouni, M., E. Michaloudi, M. Katsiapi, S. Genitsaris,
E. Charalampous & K. Vourka, 2011. Monitoring of
Ismarida Lake and its Food Web Components in the
Framework of Restoration Measures. ELKE Aristotle
University of Thessaloniki, Technical report, Thessaloniki.

Moustaka-Gouni, M., E. Michaloudi & U. Sommer, 2014.
Modifying the PEG model for Mediterranean lakes - no
biological winter and strong fish predation. Freshwater
Biology 59: 1136-1144.

Myronidis, D., D. Stathis, K. Ioannou & D. Fotakis, 2012. An
integration of statistics temporal methods to track the effect
of drought in a shallow Mediterranean lake. Water
Resources Management 26: 4587-4605.

Nogrady, T. & H. Segers, 2002. Rotifera Volume 6:
Asplanchnidae, Gastropodidae, Lindiidae, Microcodidae,
Synchaetidae, Trochosphaeridae and Filinia. Guides to the
Identification of the Microinvertebrates of the Continental
Waters of the World 18. Backhuys Publishers, Leiden.

Nogrady, T., R. Pourriot & H. Segers, 1995. Rotifera, Vol. 3:
The Notommatidae and the Scaridiidae. Guides to the
Identification of the Microinvertebrates of the Continental
Waters of the World 8. SPB Academic Publishing BV,
Amsterdam.

Nova, C.C., V.G. Lopes, L. C. Souza, B. Kozlowsky-Suzuki, T.
A. A. Pereira & C. W. C. Branco, 2014. The effect of
seasonality on the structure of rotifers in a black-water
shallow lake in Central Amazonia. Anais da Academia
Brasileira de Ciéncias 86: 1359-1372.

Obertegger, U., G. Flaim, M. G. Braioni, R. Sommaruga, F.
Corradini & A. Borsato, 2007. Water residence time as a
driving force of zooplankton structure and succession.
Aquatic Sciences 69: 575-583.

Papadimitriou, T., M. Katsiapi, K. A. Kormas, M. Moustaka-
Gouni & 1. Kagalou, 2013. Artificially-born “killer” lake:
phytoplankton based water quality and microcystin affec-
ted fish in a reconstructed lake. Science of the Total
Environment 452-453: 116-124.

Polykarpou, P. C., 2006. Phytoplankton and Microbial Food
Web in Lake Doirani: Assessment of Ecological Status.
Aristotle University of Thessaloniki, Faculty of Sciences,
Thessaloniki.

ROP of Western Macedonia, 2001. Study and Proposals for
Protecting Works and Righting Functions of Wetlands
Zazari and Cheimaditida. Implementing body: Aristotle
University of Thessaloniki & Greek Biotope/Wetland
Centre, Thessaloniki.

Schweiger, O., S. Klotz, W. Durka & I. Kiihn, 2008. A com-
parative test of phylogenetic diversity indices. Oecologia
157: 485-495.

Segers, H., 1995. Rotifera. Vol. 2: The Lecanidae (Mono-
gononta). In Dumont, H. J. F. (ed.). Guides to the


http://www.rotifera.hausdernatur.at/
http://www.rotifera.hausdernatur.at/

Hydrobiologia (2017) 796:319-331

331

Identification of the Microinvertebrates of the Continental
Waters of the World. SPB Academic Publishing BV, The
Hague.

Segers, H., 2008. Global diversity of rotifers (Rotifera) in
freshwater. Hydrobiologia 595: 49-59.

Sladecek, V., 1983. Rotifers as indicators of water quality.
Hydrobiologia 100: 169-201.

Snell, T. W. & C. Joaquim-Justo, 2007. Workshop on rotifers in
ecotoxicology. Hydrobiologia 593: 227-232.

Tweedley, J. R., R. M. Warwick & I. C. Potter, 2015. Can biotic
indicators distinguish between natural and anthropogenic
environmental stress in estuaries? Journal of Sea Research
102: 10-21.

Wallace, R. L., T. W. Snell, C. Ricci & T. Nogrady, 2006.
Rotifera: Vol. 1 — Biology, Ecology and Systematics, 2nd

edn. Backhuys Publishers/Kenobi Productions, Ghent/
Leiden.

Warwick, R. M. & K. R. Clarke, 1995. New ‘biodiversity’
measures reveal a decrease in taxonomic distinctness with
increasing stress. Marine Ecology Progress Series 129:
301-305.

Warwick, R. M. & K. R. Clarke, 2001. Practical measures of
marine biodiversity based on relatedness of species.
Oceanography and Marine Biology 39: 207-231.

Warwick, R. M. & P. J. Somerfield, 2015. Assessing the con-
servation status of marine habitats: thoughts from a sandflat
on the Isles of Scilly. Journal of Sea Research 98: 109-119.

Zarfdjian, M. H. & P. S. Economidis, 1989. Listes provisoires
des Rotiferes, Cladocéres et Copépodes des eaux conti-
nentales Grecques. Biologia Gallo-Hellenica 15: 129-146.

@ Springer



	Taxonomic distinctness indices for discriminating patterns in freshwater rotifer assemblages
	Abstract
	Introduction
	Materials and methods
	Data collection
	Diversity indices
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




