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ABSTRACT

Taxonomic, functional and phylogenetic diversity: how subfossil cladocerans mirror contemporary community for
ecosystem functioning: a comparative study in two oxbows

Biases of taxa diversity and traits of source (active) and subfossil cladoceran communities with phylogenetic and functional
approach were studied in two oxbows of the River Tisza, Hungary. Subfossil cladoceran communities were found to have
suffered species loss due to both the degree of heterogeneity in the lake and taphonomical processes. The remains of heavily
chitinized species are those most commonly found in the sediment, and therefore bias communities reconstructed on this basis.
These biases are mostly caused by: (1) parts of soft bodied filterers (Daphniidae, Moinidae, Sididae (Diaphanosoma)), which
are underrepresented in the subfossil remains of cladocerans, and (2) the remains of species that are difficult to collect and, so,
underrepresented or absent in contemporary samples; this may have a strong effect on diversity indices. In spite of such biases,
the paleocommunity does reflect the functioning of the ecosystem. The subfossil cladoceran community in the Morotva-to
(MT) corresponded to low fish densities and the high macrophyte coverage, indicating weaker top-down forces in this oxbow.
The phylogenetic and functional approach to subfossil cladocerans may be useful in paleolimnological reconstruction, since
phylogenetic and trait-based diversity indices correctly predicted top-down regulation as a function of the ecosystem.
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RESUMEN
Sesgos en la diversidad taxonomica, funcional y filogenética de las comunidades vivas y subfosiles de cladoceros

La diversidad de taxones y rasgos de las comunidades de cladoceros actuales (activa) y subfosiles (sedimentada) fueron
estudiadas en dos galachos del rio Tisza, Hungria. Se investigaron los sesgos entre las poblaciones actuales de cladoceros
(comunidad de origen) y la comunidad de cladoceros subfosiles. Estas comunidades subfosiles mostraron una pérdida de
especies debido a procesos tafonomicos. Los restos de las especies fuertemente quitinizadas se encuentran mds comunmente
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en el sedimento, produciendo sesgos en las comunidades reconstruidas. Los sesgos son causados principalmente por, (1) las
partes de filtradores de cuerpo blando (Daphniidae, Moinidae, Sididae (Diaphanosoma)) que estan subrepresentados entre los
restos subfosiles de cladoceros, y (2) los restos de especies que son dificiles de recolectar y estin subrepresentadas o ausentes
en las muestras actuales, y que pueden tener un fuerte efecto sobre los indices de diversidad. A pesar de los sesgos, la paleoco-
munidad refleja el funcionamiento del ecosistema. La comunidad de cladoceros subfosiles en la laguna MT reflejo una baja
densidad de peces, y su alta cobertura de macrofitos indico el bajo estado trofico de la laguna fluvial. El enfoque funcional en
el estudio de cladoceros subfosiles puede ser util en la reconstruccion paleolimnologica, ya que los indices de diversidad
basados en estos rasgos podrian ser mejores indicadores el funcionamiento de los ecosistemas.

Palabras clave: cladoceros subfosiles; galacho; paleocomunidad; estado trofico; paleolimnologia

INTRODUCTION

Multifactor stressors force rapid changes in most
ecosystems, and this calls for the intensification
of biodiversity studies. Traditionally, biodiversity
studies have been based on the number of species
within a given ecosystem, and to a lesser extent
on the distribution of individuals within a given
species in an assemblage (Gaston, 2000; Hamil-
ton, 2005). The majority of studies have focused
on common taxonomic indices such as richness
and evenness (Hill, 1973). Taxonomic diversity
has been used to estimate biodiversity (a-, B-, and
v-diversity Whittaker, 1972) and spatial and
temporal changes in relation to environmental or
anthropogenic  factors (e.g. Zhuravlev &
Naimark, 2005; Blarquez et al., 2014). Although
this is a well-established approach, it ultimately
provides little information on how changes in
biodiversity (community composition) affect the
functioning of an ecosystem. The correct identifi-
cation of this is crucial in the case of taxon-based
indices, but the biological and ecological role of
the species might be of even greater importance
in the functioning of an ecosystem (Walker,
1992). At the species- and ecosystem-levels, the
identity of species and ecosystem functioning is
the result of evolutionary processes and adapta-
tion to given environmental conditions; therefore,
the ecosystem functioning may be characterized
by the composition of the functional traits of
organisms. A functional trait may be defined as a
characteristic of an organism relevant to its
response to the environment, and thus, to its
effects on the ecosystem functioning (Diaz &
Cabido, 2001). Using zooplankton, Thompson et
al. (2015) showed that phylogenetic and func-
tional diversity better predicted ecosystem func-
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tioning than species richness. Phylogenetic diver-
sity (PD) is used as a proxy for functional diversi-
ty (FD). The relationship between PD and FD is
that evolutionary diversification has generated
trait diversification, which may result in greater
niche complementarity (Flynn et al., 2011).
Zooplankton occupy a key position in trophic
structure and have been used to understand the
functioning of aquatic ecosystems (Jeppesen et
al., 1997, 2000, 2002, 2011; Iglesias et al., 2011).
The taxonomical and functional structure of
zooplankton assemblages is influenced by both
bottom-up and top-down forces. The nutrient
enrichment of lakes fuels the phytoplankton
growth, supplying zooplankton with food
resources; therefore, at first sight, it seems to
increase the biomass of zooplankton. However, to
a great extent the relationship depends on the size
distribution of the zooplankton. Large zooplank-
ton species such as daphniids are effective filter-
ers, hence their dominance can be expected in
zooplankton assemblages in a phytoplankton-rich
environment. At the same time, large bodied
zooplankters are perfect prey for vertebrate pred-
ators; consequently, stocks of them will depend
on their various voracious size-selective preda-
tors (Confer & Blades, 1975; Dodson, 1979). In
this sense, zooplankton biomass as a function of
an ecosystem may be characterized by the com-
position of zooplankton species that are effective
filterers and have a good predator avoidance
strategy. Zooplankton species differ in their trait
properties (i.e. body size, clearance rate, habitat
preference, feeding strategies, predator defense
strategies etc.; see Barnett et al., 2007; Pomerleau
et al., 2015; Gianuca et al., 2017; Rizo et al.,
2017). Different ecosystem functions can be best
predicted by different indices, depending upon
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different aspects of diversity. Thompson et al.
(2015) found that zooplankton biomass is best
predicted by zooplankton trait-based functional
richness, while phytoplankton abundance, as
result of the top-down effect of zooplankton, is
best predicted by zooplankton phylogenetic
diversity. Gianuca et al. (2016) clarified the role
of body size in providing strong predictions of the
top-down control of cladocerans.

Long-term changes in ecosystem structure
and functioning can be easily observed in paleo-
limnological studies due the long time-span of
such studies, which can range from decades to
millennia (Smol, 2002; Nevalainen et al., 2015;
Nevalainen & Luoto, 2017). Remains of
Cladocera are common in lake sediments and
have been widely used in paleolimnological
reconstructions (Korhola & Rautio, 2001, Smol,
2002). Cladocerans occupy a central position in
the zooplankton community since the clearance
rates of cladocerans are the highest of any
zooplankton (Barnett et al., 2007), resulting in a
pronounced top-down effect on phytoplankton,
and their becoming a vulnerable prey to their
predators (top-down effect on Cladocera).

Biases can be found between the active popu-
lation of cladocerans and the reconstructed com-
munity, based on its subfossil remains in the
sediment (Kattel et al., 2007; Nykénen et al.,
2009). These biases result mostly from the differ-

ential preservation of species, as well as those
biases likely to be present in a central lake core,
which are attributable to transport processes from
littoral source communities. In spite of the biases,
several studies have also demonstrated similari-
ties between the contemporary community and
sedimented assemblages (Jeppesen et al., 2000;
Davidson et al., 2007). Moreover, Davidson et al.
(2007) found that the forces that act on cladocer-
an communities (e.g. macrophytes and fish) were
essentially the same for contemporary and
subfossil assemblages.

In paleolimnological reconstruction, it is very
important to know about biases between contem-
porary and paleocommunities. An assessment of
the degree of biodiversity present in lakes
requires  large-scale, intensive  sampling
campaigns, due to their heterogeneous microhab-
itat structures. In paleolimnological studies, in
contrast to neolimnology, generally a single core
is used to obtain biological proxies. Moreover,
changes in species matrices (biodiversity) of this
single core are used for reconstruction of environ-
mental changes. Lakes have complex biota struc-
tures due to in-lake heterogeneity of microhabi-
tats. It is especially valid for shallow lakes
because their in-lake heterogeneity may be higher
due to their extended littoral zones. Therefore,
large biases may be found in the structure of
cladoceran communities in paleolimnological

Table 1. Characteristics of the oxbows. Caracteristicas de los galachos.

Maroétzugi-Holt-Tisza

MT
GPS
type natural
Length (m) 800
Average width (m) 63
Area (ha) 5
Av. Depth (m) 1.30
municipality Timar
Sluice to River Tisza no

N 48.160748°; E 21.477610°

N 48.175611; E 21.612306,
Artificial; cut off in 1860
1800

60

11

1.20

Gavavencsello

no
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River Tisza

Marotzugi-
Holt-Tisza

Figure 1. Map of the investigated oxbows. (Points on the maps of the oxbows represent sampling points in the course of fieldwork).
Mapa del galacho estudiado. (Los puntos representan los puntos de muestro).

reconstructions of shallow lakes. Bias may origi-
nate in the differencing taphonomy of cladoceran
species. Macrophyte beds favor the development
of dense phytophilous Daphniidae populations
(e.i. Simocephalus sp., and Ceriodaphnia sp.),
while large populations of Moina sp. and Diaph-
anosoma sp. may be found in open waters. The
weak preservation of their remains in the sediment
tends to lead to the underestimation of their true
proportion in the biodiversity of the lake. These
biases have obvious effects on lake biodiversity
assessment. Another factor is that, in spite of
widespread intensive sampling efforts, only a part
of benthic cladoceran species are retrieved, while
the larger part of benthic species remain invisible
to researchers, thus precluding any assessment of
their role in biodiversity. In this pilot study the
results of the intensive sampling of active
cladocerans and subfossil remains of a single site
in biodiversity assessments are compared.

Limnetica, 38(1): 431-456 (2019)

For this pilot study two shallow oxbow lakes
were chosen near the River Tisza, with the
following aims: (1) to estimate how large a bias
exists between contemporary and subfossil com-
munities in these shallow lakes; (2) to determine
the bias effect on the estimation of biodiversity
indices; (3) to study how well the functional
diversity of a paleocommunity reflects the func-
tioning of an ecosystem, as derived from source
communities.

MATERIAL AND METHODS
Study area

The River Tisza is the second largest river in
Hungary. It drains an area of about 156 087 km2
and has a length of 1419 km in Hungary. Its
annual mean discharge is 792 m3/s, and it contrib-
utes about 14 % of the Danube's total runoff
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(Sommerwerk et al., 2009). It flows through the
Great Hungarian Plain. Since plains can cause a
river to flow slowly, the Tisza used to follow a
path with many curves and turns, which led to
many large floods in the area. The regulation of
the Tisza was carried out in the 19th century. In
the 1860s, during the large river regulation
program, 112 meanders were cut (Laszloffy,
1982), shortening the river length by 474 km, and
forming a number of artificial oxbow lakes. Prior
to regulation, however, oxbow lakes also formed
naturally. Oxbow lakes may be divided into two
categories according to their location: un-protect-
ed oxbow lakes are situated between the levees
and the river, and protected ones can be found on
the far side of the dykes. Since oxbows are mostly
supplied by water during the flooding of the
Tisza, many of them have filled up and subse-
quently dried out. Although the artificial mean-
ders are much younger than the naturally formed
ones, most of them have attained a similar
ecological status as the older, natural oxbows
(Palfai, 2003).

Two oxbow lakes, Morotva-t6 (MT) and the
Marétzugi-Holt-Tisza (MHT), were selected for
living and subfossil cladoceran analyses. Both
lakes are small, Morotva-td6 (Lake Oxbow) is
located at km 555 of river, next to the village of
Timar, while the Marotzugi-Holt-Tisza (holt =
dead) is located at km 568, close to the village of
Gévavencsello on the left bank of the river (Fig.
1; Table 1.). The MT is naturally cut off, while
the MHT was cut off during the canalization of
the River Tisza in 1860. They also differ in terms
of water supply, since the MT only fills up during
the flooding of the Tisza, while the water balance
of the MHT is managed by a sluice on an artificial
canal from the River Tisza.

Both oxbows are unprotected from floods,
since they are situated between dykes and the
river channel. Although they are Nature Conser-
vation areas, MHT is managed as fishpond. The
MHT has been yearly stocked by about 100 — 120
kg of fish, while there is no fish stocking in the
MT (personal communications of the maintain-
ers). The biota of both lakes is particularly rich,
but only the MHT has been registered as a nation-
al nature reserve and wildlife sanctuary (Horto-
bagy National Park; Palfai, 2003).

Sampling and laboratory procedures

For the active plankton component, the sampling
design aimed at integrating seasonal and spatial
variations. The oxbows were sampled twice a
year (May 25 and October 13, 2005; Jun 21 and
October 23, 2006; April 17 and October 23, 2007;
Jun 06 and October 21, 2008). Macrophyte cover-
age was about 80-90 % on the MT, whereas it was
~50 % on the MHT (mostly at the two shallow
ends of the oxbow). Phragmites australis and
Typha angustifolia inhabited the shoreline of both
oxbows, so Trapa natans, Nuphar luteum, Cera-
tophyllum demersum and Myriophyllum spicatum
were the dominant plants, although some micro-
habitats were also populated by Salvinia natans,
Potamogeton amphibium, Hydrocharis morsus-
ranae and Polygonum amphibium.

Samples were obtained for active cladoceran
populations and for water quality from 15 and 16
sampling sites in the MT and MHT, respectively.
Sampling sites were almost equally divided
between littoral and open water (Fig. 1). Water
quality samples were collected with a Meyer
bottle from 1m depth, and the samples of the
different sites were then pooled and the resulting
sample (15-16 L) was thoroughly stirred and
quantitatively subsampled for water quality
analyses. Active cladocerans were sampled using
a self-closing tube sampler (length: 2 m, diame-
ter: 10 cm) with a plankton net (63 um mesh)
attached. The tube sampler is efficient in the
taking of integrated plankton samples in shallow
lakes; it also samples efficiently in macro-
phyte-beds. At each sampling site, the tube
sampler was lowered to the bottom, so the entire
water column (0.5-15 L, depending on depth) was
filtered. Plankton samples from the different
locations were pooled, resulting in the integration
of within-lake wvariations, then they were
preserved using Lugol solution. Water quality
parameters (pH, conductivity, cation, anion,
nutrients, COD, TOC, Chlorophyll-a; see in
Table 3) were determined in the Laboratory of the
West Transdanubian Water Authority, following
the Hungarian Water Quality Standard protocols.

Sediment cores were obtained in 2008 from
the deepest part of the oxbows, and the top 2 cm
of sediment layers was used for the subfossil

Limnetica, 38(1): 431-456 (2019)
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cladoceran analysis. Since sedimentation rates
are high in the oxbows of the Tisza (0.2-1.1 cm;
Szabo et al., 2012; Korponai et al., 2016), and
bioturbation has significant effect on the depth
distribution of remains (Kearns et al., 1996), it
was reasonable to assume that the top 2 cm
sediment layer would represent the sampling
period of active Cladocera populations in the
present study.

In order to obtain a representative sample of
the composition of the active cladoceran popula-
tion, a minimum of 300 individuals was counted
using the Utermdhl protocol. The length of the
first 30 individuals of each species in each sample
was measured using an ocular micrometer to an
accuracy of 0.01 mm. The community size distri-
bution of cladocerans was determined on the
basis of individual body length. 2 cm3 of
sediment subsamples were deflocculated in 10 %
KOH. Cladocera remains were then collected by
sieving the resultant deflocculated liquid through
a 35 pm mesh (Frey, 1986). Only well preserved
chitinous remains (headshields, carapaces,
post-abdomens, post-abdominal claws, and ephi-
ppia) were considered in the determination of the
density of various Cladocera species. Further-
more, fragments were counted only if unambigu-
ous diagnostic marks were evident. The most
frequent body parts of each taxon were used to
estimate the abundance of individuals in terms of
density (ind/cm3 of fresh sediment). The compo-
sition of the Cladocera community was estimated
on the basis of the determination of at least 300
individuals in each subsample (Korhola &
Rautio, 2001). Taxonomical identification was
carried out according to work of Frey (1950),
Goulden & Frey (1963), Gulyas & Forro (1999),
Szeroczynska & Sarmaja-Korjonen (2007).

Statistical analyses

To compare the water quality and median
cladoceran body size of the oxbows, a non-para-
metric ANOVA (Kruskall-Wallis) test was
conducted. Water quality components were stand-
ardized to a zero mean and unit variance. The
various degrees of homogeneity of the dispersion
of the active cladoceran communities of both
oxbows were tested and compared using "betadis-
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per” and “permutest” through 999 permutations.
Variance partitioning in the cladoceran communi-
ty was tested using the ‘adonis’ function.
“Adonis” carries out a PERMANOVA (Permuta-
tional Multivariate Analysis of Variance Using
Distance), and partitions sums of squares of a
multivariate data set among sources of variation
using distance matrices. In analyses the
Bray-Curtis distance metric was applied to
non-transformed, non-standardized cladoceran
species abundance data of active communities.
Following ‘adonis’, similarity percentages (‘sim-
per’) were used to identify the species contribut-
ing most to group dissimilarity.

Species, functional and phylogenetic o-diversity

For comparison of active and subfossil communi-
ties, we calculated the mean abundances of
contemporary cladoceran species of oxbows for
active communities, and these data were intro-
duced to diversity analyses. Species diversity of
the active and subfossil cladoceran assemblages
was estimated using Hill’s numbers (Hill, 1973)
on abundances, in which NO represents
species-richness (number of taxa), N1 the Shan-
non-Wiener index and N2 the effective number of
species, which is the reciprocal of Simpson's
diversity index (Hill, 1973; Jost, 2006; Telford &
Birks, 2011). Values were also calculated for
Pielou’s evenness and the Simpson index. The
Shannon-Wiener index is sensitive to dominant
taxa, while the Simpson index is sensitive to rare
species (Jost, 2007).

For trait diversity, the available zooplankton
functional traits for all species occurring in the
communities were used (Barnett et al., 2007;
Pomerleau et al., 2015; Nevalainen & Luoto,
2017; Rizo et al., 2017; Gianuca et al., 2018).
Combination of Rizo’s and Nevalainen’s traits
(Nevalainen & Luoto, 2017; Rizo et al., 2017)
was employed in the analysis, complemented by
the morphological traits of postabdominal claws
(Table 2). Cladocerans use the postabdomen in
the rejection of particles, the cleaning of thoracic
limbs, the prevention of clogging of the filter
apparatus, and in locomotion. Benthic species
crawl on substrata, and use their postabdomen for
pushing (Smirnov, 2017). Trait distance matrices
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Table 2. Summary of functional traits used (Rizo et al., 2017, Nevalainen & Luoto, 2017). Resumen de los rasgos funcionales utilizados.

Trait

Type of trait

Ecological function

Feeding type (S-type, D-type,
C-type, I-type, B-type)

Trophic regime (herbivore,
detritivore, predator)

Size of postabdominal
claws (small, intermediate,
large)

Type of combs in
postabdominal claws (no
combs, hairy, fine combs,
small teeth, mediate teeth,
large teeth)

Preferred trophic status
(oligotrophic, oligo-
mesotrophic, mesotrophic,
meso-eutrophic, eutrophic)

Swimming antennae length to
body size ratio

Eye size to body size ratio

Presence of ocellus (with or
without)

Presence of color in the
carapace (with or without)

Development of defensive
structure (with or without)

Predatory escape response
(pausing and jumping, rapid
swimming, not moving)

Preferred habitat (pelagic,
littoral, margins of
macrophytes)

Shape (globular, oval,
elongated)
Average egg clutch

Body size (small <500 pm,
intermediate 500—1000 pm,
large >1000 pm

Morphological/behavioral

Physiological

Morphological

Morphological

Physiological

Morphological

Morphological
Morphological

Morphological

Morphological

Behavioral

Behavioral/Feeding

Morphological

Morphological
Morphological/physiological

Feeding

Feeding

Feeding

Feeding

Feeding

Survival

Survival

Survival

Survival

Survival

Survival

Survival

Survival

Reproduction

Growth

Limnetica, 38(1): 431-456 (2019)
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using Gower’s distance were calculated, because
body size is a continuous variable, whereas the
other traits are categorical (Borcard et al., 2011).
Functional trait diversities (Mason et al., 2005)
and Faith’s phylogenetic diversities (Faith, 1992)
were calculated using the functions “dbFD" and
“pd" in packages “FD” (Lalibert¢ & Legendre,
2010; Laliberté et al., 2014). Faith’s phylogenetic
diversity is highly dependent on species richness,
and so distance based phylogenetic diversity
measures was chosen for use in the present study:
standard effect size of mean pairwise taxon
distances (sesMPD), and standard effect size of
mean nearest taxon distance (sesMNTD) (Webb
et al., 2002), both of which provide a measure of
phylogenetic diversity that is independent of
species richness. The abundance weighted meas-
ures sesMPD and sesMNTD represent the aver-
age distance between two random individuals in a
sample and the average distance to the closest
heterospecific individual for all individuals in the
sample, respectively (Webb et al., 2008). The
branch lengths on the phylogenetic tree were used
as a measure of phylogenetic distance, while
Gower dissimilarity was applied to obtain func-
tional distances (Borcard ef al., 2011).
Hierarchical cluster analysis was applied to the
trait matrices of cladoceran communities in order to
determine potential functional groups. In the analy-
sis, the Gowdis dissimilarity function in “FD”
packages (Podani, 1999; Laliberté et al., 2014) was

Morotva-to
HCO; CO:
388 uS/cm
1cm

Ca2+

SOi Mg2+

used to compute the distance for mixed variables,
and then the Ward agglomerative method was
applied to attain clustering. Phylogenetic trees were
created based on detailed taxonomical categories
(Bledzki & Rybak, 2016) in which Sorensen
distance was used in hierarchical clustering with
the complete linkage agglomerative method.

Species, phylogenetic and trait 3-diversity

Sorensen and Bray— Curtis dissimilarity coeffi-
cients were calculated for the cladoceran commu-
nities of the oxbows and used as a measure of B-
diversity. Sorensen dissimilarity is based on
species’ presence or absence, while Bray-Curtis
dissimilarity is based on the abundance of
species. Next, the B- diversity was partioned into
its two components, degree of nestedness and
replacement, using the bray.part function of the
“betapart” statistical package (Baselga & Orme,
2012). Phylogenetic and functional B-diversity
were measured using mean pairwise taxon
distances (MPD) and mean nearest taxon distance
(MNTD) (Webb et al., 2002). The branch lengths
on the phylogenetic tree were used as a measure
of phylogenetic distance, while Gower dissimi-
larity was applied to obtain functional distances
(Borcard et al., 2011). COMDIST was used for
measuring phylogenetic dispersion, and COM-
DIST was also used to calculate functional
B-diversity metrics based on multi-trait distance

Maroétzugi-Holt-Tisza

HCO;

CoZ g

294 uS/cm
1cm Cr

ca2+
SO}

M92+

Figure 2. Maucha diagram showing the main ion composition of the two oxbows. Scale bar indicates 0.1 mm for all photographs.
Diagrama Maucha mostrando la composicion ionica principal en los dos galachos.

Limnetica, 38(1): 431-456 (2019)



Bias in taxonomic, functional and phylogenetic diversities

matrices. The abundance values for species were
used when calculating both functional and
phylogenetic B-diversity. The use of COMDIST
for both trait- and phylogenetically-based infor-
mation allowed the use of comparable metrics for
trait and phylogenetic distances (Swenson, 2014).
The measures were calculated using the R pack-
age “picante” (Kembel et al., 2010) in R (R Core
Team, 2017).

In spite of the apparent bias in subfossil com-
munities it is important to investigate the relation-
ship between the distinct diversity metrics (the
number of species not included) of active and sub
fossil communities. Therefore, a linear model
was employed to analyze the predictive strength
of the diversity metrics of the subfossil communi-
ty in relation to the active. Log-transformed
diversity indices (log(x+1)) were entered into the
model. The next step was to observe the effect of
cladoceran communities (active and subfossil) or
determine whether oxbows have a significant
effect on the variance of diversity metrics. A
linear mixed model was therefore used with type
of diversity matrices as a random factor.

The degree to which the measured traits carry
a phylogenetic signal was assessed using the
procedures employed by Gianuca et al. (2018).
First, a standard Mantel test is performed to
assess the correlation between the phylogenetic
distance and the functional trait distance matri-
ces, then (if this test is significant (p < 0.05), the
second step is to test whether such a correlation
between phylogeny and traits is higher than that
which might be expected by chance alone, given
a specific evolutionary model (for more details,
please see Debastiani & Duarte 2017). All calcu-
lations, data analyses and visualizations were
performed in R (R Core Team, 2017), using the
“betapart”, (Baselga & Orme, 2012), “FD”
(Lalibert¢ & Legendre, 2010; Laliberté et al.,
2014)., “picante” (Kembel et al., 2010), and
“vegan” packages (Oksanen et al., 2017).

RESULTS
Water quality

The water quality of the various oxbows was very
similar in terms of common major ion composition

439

(Fig. 2). The pH varied from neutral to slightly
alkaline, but conductivity was high, and signifi-
cantly higher in the MT due to a higher bicarbonate
concentration. Total dissolved solids (TDS) were
also significantly higher in the MT, which was due
to the higher concentration of Na, K, Ca, Cl and
HCOj3 ions. Although higher concentrations of
TOC (total organic carbon) were found in the MT
(Table 3), CODc; (chemical oxygen demand)
varied over the same range in both oxbows.

Nutrient concentrations were also similar in
both oxbows; they were mesotrophic, TP varied
between 0.01 and 0.07 mg/l in MT, and between
0.02 and 0.06 mg/l in MHT, while chlorophyll-a
content varied between 3 and 8 and 3 and 14 pg/l,
respectively (Table 3).

Cladoceran communities

Altogether 5354 specimens were counted for
active, and 1721 remains (707 specimens) were
counted for subfossil community, from which 41
cladoceran species were identified. From them
23 species were common in the oxbows, while
nine species were specific to each of the oxbows
separately. The active cladoceran community
contained almost the same species pool, while
the subfossil assemblages were richer in the MT
(Table 4).

Active cladoceran communities

A total of 32 cladoceran species were found in
the samples, 27 in the MT and 28 in the MHT
(Table 4). High degrees of variance were detect-
ed in abundance data, caused by the different
times at which some species bloom (MT, 2005:
Bosmina longirostris and Ceriodaphnia pulchel-
la); MHT, 2005 and 2008: B. longirostris). B.
longirostris and Chydorus sphaericus were
found in great abundance in the oxbows. The
following species were also abundant: C.
pulchella, Diaphanosoma brachyurum, Coron-
atella rectangula, Daphnia parvula and Pleurox-
us aduncus (Fig. 3). Three of these - C. pulchella,
Coronatella rectangula and P aduncus -
occurred in the highest numbers in the MT, while
D. brachyurum and D. parvula were found in the
MHT (Fig. 3). The occurrence of twenty-one
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species was shared between the two oxbows
(Table 4). Variance of the abundance of active
communities of oxbows was homogenous (beta-
disper: F = 1.2801, p = 0.269), therefore the

differences in the communities between the
oxbows were tested for. The result revealed that
the dissimilarities in active cladoceran communi-
ties were significant between the two oxbows

Table 3. Water quality parameters of the oxbows, and results of Kruskall-Wallis test for differences between the oxbows. Parametros
de calidad del agua de los galachos y resultados del test Kruskall-Wallis entre galachos.

MT Mardtzugi-Holt-Tisza Kruskall-Wallis
min mean  max min mean  max e df p

HCO3 (mg/1) 176 215.63 278 126 152 168 11.294 1  0.001
TDS (mg/1) 185 257.25 326 140 185.88 262 6362 1 0.012
cond (uS/cm) 293 387.75 477 244 293.75 337 6.1 I 0.014
Ca (mg/l) 39 51.25 59 35 41.75 52 5625 1 0.018
Cl (mg/1) 16 30.38 41 12 22.13 27 5121 1 0.024
TOC (mg/l) 5.6 7.09 9 4.8 5.82 7.1 4412 1  0.036
K (mg/1) 32 5.74 15.6 2.4 3.54 4.9 4219 1 0.04
SS (mg/1) 0 2.61 10 0.1 9.48 29 4.231 1 0.04
Na (mg/1) 12 17.875 25 9 14.5 18 3.052 1 0.081
Mg (mg/l) 2.2 13.9 26 8 9.75 14 2.53 1 0.112
TDP (mg/1) 0.006  0.018  0.038 0.006  0.026  0.058 2.184 1 0.139
Chl-a (ng/l) 3 5.63 8 3 9.25 14 2.04 1 0.153
TN (mg/l) 0.57 0.82 1.05 0.46 0.73 1.04 1.337 1 0.248
DIN (mg/l) 0.04 0.075  0.107 0.056 0.096 0.173 0799 1 0371
CODc; (mg/l) 7.5 19.88 36 7.5 17.63 29 0344 1 0.557
Mn (mg/1) 0 0.03 0.18 0.005 0.016  0.07 0.147 1 0.702
TP (mg/l) 0.006  0.038  0.071 0.02 0.037  0.064 0025 1 0.875
pH 7.1 7.56 8 7.1 7.55 8.1 0012 1 0914
DIP (mg//1) 0.002  0.011  0.032 0.002  0.013  0.047 0012 1 0914
SO4 (mg/1) 12.5 20.12 54 12.5 22.25 59 0.003 1 00955
Fe (mg/l) 0 0.05 0.17 0.005  0.03 0.06 0 1 1
Secchi depth (cm) 56 92 125 28 62 95 42216 1 <0.001
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Table 4. List of species occurring in source and sediment samples in the oxbows. (+: present; -: absent; e: ephippia only). Lista de
especies presentes en las muestras de origen y de sedimento en los galachos.

Morotva-t6 Maroétzugi-Holt-Tisza

source sediment source sediment

dominant species
Bosmina longirostris (O. F. Miiller, 1776)
Chydorus sphaericus (O. F. Miiller, 1776)

species in Maroétzugi-Holt-Tisza
Moina micrura Kurz, 1875 - -
Daphnia ambigua Scourfield 1947 - -
Disparalona rostrata (Koch, 1841) - -
Ceriodaphnia laticaudata P. E. Miiller, 1867 - -

Alonella excisa Fischer, 1854 - -

+ o+ o+ o+ o+
1

Camptocercus rectirostris (Schodler, 1862) - - -
Leydigia leydigi (Schodler, 1863) - - -
Ceriodaphnia dubia Richard, 1894 - - + -
Alona costata Sars, 1862 - - - +
species in MT
Simocephalus serrulatus (Koch, 1841) + - - -
Alonella nana (Baird, 1843) - + - -
Monospilus dispar Sars, 1862 - + - -
Scapholeberis mucronata (O. F. Miiller, 1776) +
Eurycercus lamellatus (O. F. Miiller, 1776) + - - -
Pseudochydorus globosus (Baird, 1843) +
Alona quadrangularis (O. F. Miiller, 1776) - +
Leydigia acanthocercoides (Fischer, 1854) - + - -
Oxyurella tenuicaudis (Sars, 1862) - +
common species
Ceriodaphnia pulchella Sars, 1862
Coronatella rectangula Sars, 1862
Diaphanosoma brachyurum (Liévin, 1848)
Daphnia parvula Fordyce, 1901
Pleuroxus aduncus (Jurine, 1820)
Acropterus harpae (Baird, 1834)
Simocephalus vetulus (O. F. Miiller, 1776)

+ o+ o+ o+ o+ o+t
1

+ o+ + o+ 4+ o+
1

Cont.
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Table 4. (cont.)

Alonella exigua (Lilljeborg, 1853)
Ceriodaphnia quadrangula (O. F. Miiller, 1785)
Daphnia galeata Sars, 1863

Pleuroxus truncatus (O. F. Miiller, 1785)
Pleuroxus trigonellus (O. F. Miiller, 1776)
Pleuroxus laevis Sars, 1862

Alona affinis (Leydig, 1860)

Alona guttata Sars, 1862

Graptoleberis testudinaria (Fischer, 1848)
Simocephalus expinosus (De Geer, 1778)
Ceriodaphnia reticulata (Jurine, 1820)
Bunops serricaudata (Daday, 1884)
Alona intermedia Sars, 1862

Mliocryptus sordidus (Liévin, 1848)

+ + + -
+ - + -
+ - + -
+ + + -
+ + + -
+ + + +
+ + + +
+ + - +
+ + + +
+ - + -
+ + + -
+ - + -
+ + + -
+ - + -

others
P.aduncus
D.parvula
C.rectangula
D.brachyurum
C.pulchella
C.sphaericus
B.longirostris

40
]
OEOEOEOD

30
1

active [ind /1]

20
1

abundances

others
A.harpae
G.testudinaria
A.nana
A.affinis
P.trigonellus
C.rectangula
C.sphaericus
B.longirostris

30 40
|

OpOEOEOCEO

20
1

subfossil [100 + ind / cm?]

Morotva-t6 Marétzugi-Holt-Tisza

Figure 3. Cumulative abundances of dominant cladoceran
species in the oxbows. Abundancia acumulada de las especies
dominantes de cladoceros en los galachos.
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(Permanova: Fpodel = 2.93, R2 = 0.173, p =
0.007). The SIMPER analysis identified a
decreasing order, in which B. longirostris, C.
pulchella and C. sphaericus contributed most to
the dissimilarity between oxbows. The high
abundance of B. longirostris and C. spharicus in
MHT was responsible for dissimilarities of 50 %
and 10 %, respectively, while the high abundance
C. pulchella contributed 17 % of the total dissim-
ilarity of the MT. Due to the dominance of small
bodied cladocerans, average cladoceran body
size was small in both oxbows (MT: 0.443 mm (n
= 892), MHT: 0.383 mm (n = 814)), but it was
significantly smaller in the MHT (Kruskal-Wal-
lis test: y2 =12.346, df =1, p <0.001). Although
the average body sizes of both dominant species
(Bosmina longirostris, and Chydorus sphaeri-
cus) were significantly smaller in the MHT (Bos-
mina longirostris: MHT: 0.268 mm, MT: 0.290
mm, Kruskal-Wallis test: 2 =15.162, df =1, p <
0.001; Chydorus sphaericus: MHT: 0.278 mm,
MT: 0.293 mm, Kruskal-Wallis test: y2 = 5.3082,
df = 1, p = 0.02), the proportion of large
cladocerans (1 mm = <) played a significant role
in the body size spectra of cladocerans in the MT

(Fig. 4).
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Figure 4. Body size distribution of cladoceran communities. Distribucion de tamario de la comunidad de cladoceros.

Subfossil cladocerans

Remains of a total of 23 cladoceran species were
found in the sediment samples, of which 18
species occurred in the MT, and 13 in the MHT
(Table 4.). Most of the remains belonged to the
dominant  species  Bosmina  longirostris,
Chydorus spharicus, and Coronatella rectangula
in both oxbows. More remains of B. longirostris
were found in the MHT, whereas those of C.
rectangula and Chydorus spaericus were most
numerous in the MT.

As found in the active cladoceran communi-
ties, differences were also found in the subfossil
communities of the two oxbows. The remains of
Alonella nana, Monospilus dispar, Alona quad-
rangularis, Leydigia acanthocercoides and Oxyu-
rella tenuicaudis were found in the MT exclu-
sively, while the remains of Leydigia leydigi,

Alona costata and Ceriodaphnia ephippia only
occurred in the MHT (Table 4). A simper analysis
revealed that B. longirostris, and C. rectangula
and C. sphaericus contributed to the dissimilarity
of the cladoceran communities in the oxbows. A
greater abundance of B. longirostris in the MHT
accounted for the greatest proportion (51 %) of
the total dissimilarity between the oxbows, while
the remains of C. rectangula and C. sphaericus
were found in a higher numbers in the MT, and
thus they contributed 13 % and 12 % to the total
dissimilarity, respectively.

Diversity

Homogenous dispersion of contemporary data
allowed merging the active and subfossil species
sets, altogether 32 species composed the pooled
community of the oxbows. The active community

Limnetica, 38(1): 431-456 (2019)
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Table 5. Diversity indices of cladoceran communities in the oxbows. (higher values are in bold.). [ndices de diversidad de las comuni-
dades de cladoceros en los galachos(los valores mas altos estan en negrita).

Morotva-to

Marotzugi-Holt-Tisza

source sediment source sediment
nbsp 27.000 18.000 28.000 13.000
sing.sp 27.000 18.000 28.000 13.000
FRic 0.979 0.927 0.981 0.770
qual.FRic 0.580 0.726 0.580 0.726
FEve 0.542 0.547 0.498 0.689
FDiv 0.949 0.834 0.877 0.985
FDis 0.278 0.246 0.193 0.063
RaoQ 0.083 0.069 0.059 0.018
Shannon 1.958 2.051 1.254 0.363
J 0.073 0.114 0.045 0.028
Simpson 0.771 0.815 0.509 0.118
N2 4.366 5.403 2.035 1.134
PD 3.176 1.755 3.056 1.528
sesMPD.P 0.452 0.357 0.325 0.068
sesMNTD.P 0.252 0.280 0.445 0.551
sesMPD.T 0.346 0.294 0.237 0.064
sesMNTD.T 0.166 0.186 0.255 0.372

consisted of 27 and 28 species in the MT and
MHT, respectively. The larger part of the active
communities (MT: 50 % and MHT: 60 %) did not
leave any remains in the sediment. In contrast to
active communities, only five (MT) and four
(MHT) species were exclusively found in subfos-
sil remains. Consequently, 13 species were
recorded from remains and from plankton
samples in the MT, while nine species were found
in plankton and sediment samples in the MHT.
Although the species composition of the active
cladoceran communities was similar, ~20 %
species are not shared between the two oxbows,
the species diversity components of active com-
munities were higher in the MT (Table 5).
Subfossil cladocerans were represented by fewer
species, and the communities of the two oxbows
were noticeably unalike. Fewer species were
identified in the subfossil community in the
MHT, moreover the proportion of not-shared
species exceeded the number of local species. All
species diversity indices were higher in the MT

Limnetica, 38(1): 431-456 (2019)

(Table 5). The functional diversity of the active
community was quite similar in both oxbows.
Functional richness was similar, but the other
components of functional diversity, except func-
tional divergence (FDiv), were higher in the
MHT (Table 5). All functional diversity indices of
the subfossil community, except functional even-
ness (FEve) and functional divergence (FDiv)
were also higher in the MT (Table 5). Faith’s
phylogenetic diversity was higher in both active
and subfossil communities in the MT (Table 5).
All distance-based phylogenetic diversity
metrics indicated a higher degree of diversity of
the active community of the MT. This not was
true of the subfossil community of the MHT,
where a higher sesMNTD was found. Significant-
ly fewer species were found here, thus absent
species tended to decrease the sesMPD, but
increase the sesMNTD, increasing the distance
between the closest relatives in the phylogenetic
tree. This was observed when sesMPD and
sesMNTD were used for trait diversity (Table 5).
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A linear model revealed that the subfossil
communities correctly predicted the diversity
metrics of the active community. A significant
relationship was found in both oxbows, but it was
stronger in the case of the MT (MHT: R2 = 0.709,
F1,13=35,p<0.001; MT: R2=0.923, F} 13 =168,
p-<0.001). The linear mixed model revealed that
both oxbows had a significant effect on diversity
indices (community: Fj4p = 241, p = 0.128;

Functional groups

9.ar M.micrura
g : D.brachyurum
8. gr ——— S.mucronata
D.parvula
7.4ar AfE D.ambigua
D.galeata

S.vetulus
6 . 4[[ S.serrulatus
S.expinosus

C.reticulata
C.dubia
C.laticaudata
| ar C.quadrangula
C.pulchella
\'———— B.longirostris
P.laevis
O.tenuicaudis
P.truncatus
C.rectirostris
A.harpae
A.quadrangularis
A.affinis
G.testudinaria
P.trigonellus
P.aduncus
M.dispar
L.leydigi
L.acanthocercoides
P.globosus
D.rostrata
E.lamellatus
C.rectangula
A.intermedia
A.guttata
A.costata
A.exigua
A.excisa
A.nana
C.sphaericus

l.sordidus
1' gr _E B.serricaudata

filterers
[$)]
|

4. gr

3.gr

2.9r |—

benthic feeders

| | 1 1 |
20 15 10 05 0.0

distance

oxbow: Fy 4o = 7.88, p = 0.008; type:oxbow: Fy 4,
=1.48, p =0.229). The cladoceran communities of
the two oxbows presented a high degree of similar-
ity (Bsor.A = 0.2 and Bgor s = 0.4839 for active
(A) and subfossil communities (S), respectively),
but abundances significantly increased B-diversity
(Bpc.a=0.572; Bgc.s = 0.6379). A high portion of
common species was found that was expressed in
low turnover and low nestedness components

Phylogenetic tree
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Figure 5. Functional dendrogram (left panel) and phylogenetic tree (right panel) of compound cladocera communities. Taxonomy
based on Bledzki & Rybak (2016). Branch lengths are representative only, and do not represent quantitative values. Dendrograma
funcional (panel izquierdo) y arbol filogenético (panel derecho) de la composicion de la comunidad de cladéceros.
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Figure 6. Functional dendrogram of active (left panel) and subfossil (right panel) communities. Dendrograma funcional de las
comunidades activas (panel izquierdo) y subfosiles (panel derecho) de cladoceros.

(turnover: Bspmva = 0.1852, Bgmms = 0.3846;
nestedness: Bgng.a = 0.0148, Bsng.s = 0.0993) of
B-diversity. The abundance component of 3-diver-
sity revealed the importance of abundant species,
since the balanced wvariation components of
B-diversity have high values (Bgc garL.a = 0.4382,
BeceaLs = 0.6258). The abundance-gradient
component of B-diversity of the subfossil commu-
nities (Bgc.gra.s = 0.012) was lower than that of
the active community (Bgc.graa = 0.134),
indicating a low degree of nestedness in the
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subfossil cladoceran community. The oxbows
presented higher degrees of dissimilarity in the
phylogenetic structures of active communities
(COMDIST 3¢ive = 0.515) than the subfossil one
(COMDISTyybfossil = 0.436).

Functional groups
Nine functional groups were established for

cladocerans (Fig. 5). The two main branches
correspond to the feeding modes of those
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species. Filterers (herbivorous species) were
further subdivided into six groups: small plank-
tonic bacteria feeders (Gr. 4, Bosmina); small
littoral daphnid filterers (Gr. 5, Ceridaphnia);
littoral large filterers (Gr. 6, Simocephalus);
pelagic large filterers (Gr. 7, Daphnia); littoral
hyponeuston scrapers (Gr. 8, Scapholeberis) and
pelagic non-daphnid filterers (Gr. 9, Diaphano-
soma and Moinidae). The benthic feeder (detri-
tivorous-herbivorous) group is comprised of a
cluster of benthic pickers (Gr. 1, Ilyocryptidae
and Macrothricidae) and substratum scrapers
(Chydoridae). The latter group may be further
divided into two groups in terms of body length:
small substratum scrapers (Gr. 2, small Chydori-
nae and small Aloninae), and large substratum
scrapers (Gr. 3, large Aloninae and large Chy-
dorinae; (Fig. 5).

All nine functional groups were represented
in the active communities, while the subfossil
communities shared only four groups (Fig. 6). In
the MT, small planktonic bacteria feeders
accounted for the highest portion of the cladocer-
an community (44 %); the next group, small
littoral filterers, for 27 %, large benthic scrapers
for 20 %, small benthic scrapers for 5 %, large
littoral filterers for 2.5 %, and large planktonic
filterers for only 1 % of the cladoceran communi-
ty. In the MHT, small planktonic bacteria feeders
made up the major proportion (77 %) of the
active cladoceran community. Large benthic
scrapers (17 %), small littoral filterers and small
benthic scrapers accounted for 15 % each, and
small planktonic filterers made up 2 % of the
source community (Fig. 7). The abundance of the
subfossil community was not equally shared
between the three functional groups. The preva-
lence of small planktonic bacteria feeders was
overwhelming, at 94 %, while large and small
benthic scrapers made up the remainder in equal
proportions (Fig. 7).

A standard Mantel test revealed strong corre-
lation between trait and phylogenetic distances
(active: mantel r = 0.715, p < 0.001; subfossil:
mantel r = 0.845, p < 0.001). In addition, an
EM-Mantel test indicated that the following traits
are more conserved along the phylogeny than
might be expected in a Brownian motion evolu-
tionary model (p < 0.05): swimming antennae
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B large planktonic filterers

O large littoral filterers

O small littoral filterers

B small planktonic bacteria feeders
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® small benthic scrapers

O benthic pickers
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active

40
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Cladocera functional groups (%)
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Morotva-té

Marétzugi-Holt-Tisza

Figure 7. Prevalence of cladoceran functional groups in the
oxbows. Predominio de los grupos funcionales de cladoceros en
los galachos.

length, predatory escape response, ocellus
presence, colored carapace, feeding type and
trophic regime.

DISCUSSION

Both the Morotva-t6 (MT) and Marotzu-
gi-Holt-Tisza (MHT) are situated on the flood-
plain of the River Tisza. They can be filled either
indirectly by groundwater, or directly by sluice
from the main channel of the river (Babka et al.,
2011). Correspondingly, the water ion composi-
tion of the two oxbows is almost identical due to
the effect of the River Tisza (Fig. 2; Table 2).
Babka & Szab6 (2007) found that the nutrients of
unprotected oxbows were within the range of
those to be found in the River Tisza. The nutrient
contents were low (Table 3) in both investigated
oxbows; consequently low chlorophyll-a content
was measured, and so the aquatic ecosystems of
the oxbows may be said to be under mesotrophic
conditions. Although the chlorophyll-a concen-
tration in the oxbows did not differ significantly,
its average content was higher and varied over a

Limnetica, 38(1): 431-456 (2019)



448

wider range in the MHT; moreover, lower trans-
parency was measured in this oxbow (Table 3).
This phenomenon can be explained by the
different trophic structure of the two oxbow
ecosystems.

Differences in cladoceran communities in the
waterbodies can be explained by nutrients
(algae) and predators (invertebrate or/and fish).
Invertebrate predators significantly increase the
size of cladocerans, while fish decrease it. The
mean cladoceran body size was smaller, and
large cladocerans (1 mm = <) occupied a negligi-
ble part (less than 1 %) of the body size spectrum
in the MHT (Fig. 6), demonstrating the effects of
fish predation pressure on the cladoceran com-
munity. Besides the effect on the size distribu-
tion, fish exhibit a strong effect on the structure
of the species composition of cladoceran com-
munity, as well (Brooks & Dodson, 1965;
Dodson, 1974). Small sized cladoceran species
(Bosmina, small daphnids and Chydorus
sphaericus) will spread and become dominant in
the cladoceran community under high fish preda-
tion pressure (Christoffersen et al., 1993). In the
studied oxbows Bosmina longirostris and
Chydorus spaericus were the dominant species.
These species are very common and abundant in
shallow waters and in the littoral zone, and could
not be considered as an indicator of the dimen-
sions of the pelagic zone (Hofmann, 1983,
Vijverberg & Boersma, 1997, Btedzki & Rybak,
2016). Populations of these species were two (C.
sphaericus) or three (B. longirostris) times
higher in the MHT than in the MT, while their
median body size was smaller in the MHT.

High macrophyte coverage could also be
considered evidence of low fish stocks. Many
papers have revealed that macrophyte expansion
follows fish reduction in shallow lakes (Jeppesen
et al., 1997; Scheffer, 2001; Lauridsen et al.,
2003; Davidson et al., 2010; Sayer et al., 2010).
Moreover, biomanipulation experiments have
also revealed that a reduction in planktivorous
fish populations increases water transparency,
since dense zooplankton filters out phytoplank-
ton, causing a clear water phase (Lauridsen et al.,
2003; Jeppesen et al., 2007, 2012; Nykanen et al.,
2010). Secchi depths in the MT were significantly
higher (Table 3), also suggesting a lower plank-
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tivorous fish stock. Macrophytes can stabilize the
clear water phase and extended macrophyte beds
are preferred habitats for phytophylous cladocer-
an species such as Simocephalus expinosus, S.
serrulatus or Eurycercus lamellatus, which
occurred exclusively in the MT. Other phytophy-
lous cladocerans such as Acroperus harpae,
Alona affinis, A. guttata, Graptoleberis testudi-
naria, and Pleuroxus species (except P. trunca-
tus) indicated macrophyte habitats in both
oxbows, but their greater abundance correspond-
ed to the expanded (80-90 % coverage) macro-
phyte beds in the MT. Such thermophylous
planktonic cladocerans as Diaphanosoma brachi-
urum occurred in greater numbers in the MHT,
while Moina micrura was found in the MHT
only; therefore, their presence was related to open
water (macrophyte coverage ~50 %) in this
oxbow. The occurrence of ceriodaphnids in both
oxbows also indicates macrophyte belts; howev-
er, higher abundances of ceriodaphnids indicate
higher macrophyte cover in the MT (Fig. 3).
Consequently, the results of the investigation of
body size distribution, macrophyte coverage and
species composition of cladocerans indicate
differences in fish predation pressure between the
two oxbows (Christoffersen et al., 1993, Vijver-
berg & Boersma, 1997; Nevalainen & Luoto,
2017). It was therefore concluded that the fish
stock was probably higher in the MHT oxbow.
The functional structure of cladoceran com-
munities may be a better predictor of ecosystem
functioning than the taxonomical (Schleuter et
al., 2010; Nevalainen & Luoto, 2017; Nevalainen
et al., 2018). Nine functional groups were distin-
guished in the species pool of the oxbows (Fig.
4). This structure presents a strong evolutionary
background. A majority of the traits is phyloge-
netic in origin. For example, the structures of
thoracic limbs are morphological traits in the
systematics of cladocerans (DeMott & Kerfoot,
1982; Barnett et al., 2007; Dumont, 2016). More-
over, these are a part of the filtering apparatus,
and therefore may be considered a feeding trait
(Rizo et al., 2017). The transparency of the
cladoceran body, and its helmets, swimming
speed and size of eye are all connected with the
cladocerans’ defensive strategy against predators
(Zaret & Kerfoot, 1975; Spaak, 1997; Boersma et
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al., 1998; Rhode et al., 2001; Kappes & Sinsch,
2002; Kerfoot & Weider, 2004; Laforsch &
Tollrian, 2004; Sakamoto & Hanazato, 2008;
Litchman et al., 2013).

Chydorids and bosminids comprised the
greater part of cladocerans in terms of abundance
and the traits shared by the most abundant
species. Bosmina longirostris was the most abun-
dant planktonic species in active and subfossil
communities, and its abundance was higher in the
MHT, therefore its evolutionary conserved traits
(transparency, specific feeding type, no-ocellus,
small body) became the dominant traits in this
oxbow (Gianuca et al., 2018). The functional trait
diversity indices of the active and subfossil com-
munities were generally high in both oxbows, but
they were a little higher in the MT. Functional
diversity indices revealed that the cladoceran
community in the MT has a more complex trait
structure. The degree of functional divergence
indicates the presence to some extent of niche
differentiation, and thus resource competition.
Communities with high functional divergence
may therefore have increased levels of ecosystem
function as a result of more efficient resource use
(Mason et al., 2005). Functional divergence is
therefore sensitive to extremities in abundance.
The occurrence of the most abundant species
leads to extremities in functional traits. Bosmina
longirostris, Chydorus sphaericus and Diaph-
anosoma brachyurum were the most abundant
species in the active communities of both
oxbows, but they were the only species represent-
ed by high abundance (> 33, 8 and 1.5 ind/l,
respectively) in both oxbows, while the abun-
dance of these species was much lower (~10, 3
and 0.4 ind/l) in the MT. Furthermore, Ceri-
odaphnia pulchella, Coronatella rectangular and
Pleuroxus aduncus also occurred in considerable
numbers (their abundances varied between ~9,
1.5, and 1 ind/l respectively). The above men-
tioned cladocerans represent distinct trait matri-
ces and phylogenetic background, and so they
played a significant role in the degree of function-
al divergence in the source community in this
oxbow. The degree of functional divergence of
the subfossil community was also high, and even
higher than the active community in the MHT,
since B. longirostris was the only species with
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extremely high abundance (3975 ind/cm3). The
abundance of the rest of the cladocerans did not
exceed 10 ind/cm3 in this oxbow. B. longirostris
was the most abundant cladoceran in the MT,
similarly to the source community. The function-
al divergence of subfossil communities in this
oxbow was lower, due to seven more species
occurring in high abundance (> 100 ind/cm3)
(Table 5). Functional dispersion is the weighted
mean distance of individual species to the
centroid of all species in a given trait space, in
which the weights are species relative abundanc-
es (Laliberté and Legendre, 10). In the trait space
the centroid moves toward the species with high-
est abundance, reducing the distance of this
species from the centroid, and functional disper-
sion also decreases. In the MHT, B. longirostris
had an extremely high abundance, and so it
decreased the FDis of both active and subfossil
communities of the oxbow. In the MT, more
species had high abundances, so species with
high abundance could not attract the centroid
toward themselves, and the FDis of the active and
subfossil community were higher (Table 5).

Faith’s phylogenetic diversities of both
cladoceran communities were higher in the MT,
since the communities were composed of
phylogenetically distinct species (Table 5). Since
PD is highly dependent on species richness, and
subfossil cladoceran communities had lower
species richness, the low PD in oxbows corre-
sponds to the low degree of species richness in
their subfossil communities. All distance based
phylogenetic diversity metrics presented higher
degrees of diversity of the active community of
the MT. This not was true of the subfossil com-
munity of the MHT, where a higher sesMNTD
was found. Significantly fewer species were
found here, thus absent species decreased the
sesMPD, but increased the sesMNTD, increasing
the distance between the closest relatives in the
phylogenetic tree. This was observed when
sesMPD and sesMNTD were used for trait diver-
sity (Table 5).

Subfossil communities display a bias in com-
munity structure compared to active communities,
mainly due to taphonomy and habitat heterogenei-
ty (Korhola & Rautio, 2001; Kattel et al., 2007;
Nevalainen, 2011). Planktonic species are under-
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represented in the subfossil communities, since
their shells are soft and less chitinized, and there-
fore less able to resist decomposition processes.
Although fewer species were found in the
sediment samples, some species were only present
as remains, and thus subfossil communities
contribute 20 % of the local species pool. Species
such as Alonella nana, Alonella quarangularis,
Camptocercus rectirostris, Leydigia, Monospilus
dispar and Oxyurella tenuicaudis are rarely found
in active community samples, but their remains
are very common in sediment samples.

To answer the question of how well the diver-
sity of a subfossil community reflects that of the
active one, the measured diversity indices of
active and subfossil communities were compared.
The high correlations could be explained by the
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great degree of similarity of the communities,
corresponding to the low turnover component of
B-diversity. The cladoceran communities of the
studied oxbows behaved differently in terms of
the active-subfossil relationship. Those diversity
metrics which depend on species richness occupy
a position far from the 1:1 line (species a-diversi-
ty metrics such as Shannon entropy, the Simpson
dominance index, Hill’s effective number of
species, N2, and Faith’s phylogenetic diversity).
Those metrics that are either distance-based or
tree-based measurements of diversity are close to
the 1:1 line (Fig. 8), suggesting that they are
useful in paleolimnological reconstruction.

The investigated the oxbows were populated
by fish exercising a strong effect on cladoceran
populations, and trophic status of both lakes are
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Figure 8. Scatterplot of diversity indices of active against subfossil cladoceran communities. (filled circles: species diversity indices;
filled squares: functional diversity indices; diamonds: phylogenetic diversity indices). Grdfico de dispersion de los indices de diversi-
dad de las comunidades de cladoceros activas contra las comunidades subfosiles. (circulos: indices de diversidad de especies,
cuadrados: indices de diversidad funcional; rombos: indices de diversidad filogenética).
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mesotrophic, fish (top-down force) is more likely
to be an environmental filter than nutrients
(bottom-up force) having the effect on cladoceran
communities. They differed in terms of ecosys-
tem functioning (strength of top-down forces).
The MHT is operated as fishpond, while the MT
is not; the MT is almost fully covered by macro-
phytes, while the MHT is much less so. Diversity
metrics revealed the contrast in the ecosystem
functioning of the oxbows since a higher degree
of diversity was measured in the MT in the case
of almost all indices used in the investigation.

CONCLUSIONS

Bias between the active population of cladoceran
species (source community) and the subfossil
cladoceran community were investigated. Heavy
chitinized species’ live remains occur in the
sediment, therefore biases may be found in the
reconstructed communities. Biases are caused by,
on the one hand, body parts of soft bodied filter-
ers (Daphniidae, Moinidae, Sididae (Diaphano-
soma sp.)) being underrepresented in the subfos-
sil remains of cladocerans, while on the other
hand, species which are hard to collect are under-
represented or absent in contemporary samples.
These latter are mostly found in littoral, are
benthic or phytophylous species. Both circum-
stances can have a strong effect on diversity
assessment. In spite of such biases, the sediment
community may reflect ecosystem functioning.
The subfossil cladoceran community in the MT
corresponded to low fish densities and the high
macrophyte coverage, representing weaker
top-down forces in this oxbow. The phylogenetic
and functional approach to subfossil cladocerans
should prove useful in paleolimnological recon-
struction, since phylogenetic and trait based
diversity indices predicted properly the top-down
regulation as an ecosystem function.
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