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ABSTRACT

Taxonomic and functional patterns of macroinvertebrate communities were investigated to reveal
the importance of different habitat units within a marsh system in maintaining its
macroinvertebrate diversity. Hydrogeomorphic units based on their functional characteristics
were used to distinguish 3 types of aquatic habitats within the marsh system: (1) Core Unit (CU),
a permanent inundation of a wetland in the central position of a marsh system; (2) Transitional
Unit (TU), a seasonal to intermittent inundation of a wetland, with seasonal saturation; and (3)
Satellite Unit (SU), seasonal depression wetlands with ephemeral to intermittent saturation. We
hypothesized that communities in each Unit would have specific taxonomic and functional
features. Species richness was highest in the TU, with unique community composition in the SU,
and moderately high species richness characterized by a stable community with high taxonomic
distinctness in the CU. The metacommunity of the entire marsh was nearly random with a
substantial equilibrium between beta-diversity features: replacement and dissimilarity. Our
results suggest that the combination of directly connected or isolated waterbodies in close
proximity to a large core waterbody is likely to maintain the highest level of diversity. Each Unit
has unique characteristics and provides habitats for species with different ecological traits; thus,
different aquatic habitats of a marsh system should be considered together as one meaningful
ecological entity.
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Introduction adjacent habitats has also been recognized (European

Pond Conservation Network 2015). Nevertheless, the

Inland wetlands are important landscape features that
substantially contribute to regional biodiversity (Biggs
et al. 2005, Schefter et al. 2006, Thiere et al. 2009). The
ecological and conservational roles of these wetlands
are crucial because they often host rare, protected, and
endemic species (Oertli et al. 2005, Nicolet et al. 2007,
Davies et al. 2008, Downing 2010, De Marco et al.
2014) and could be viewed as biodiversity hotspots
within the landscape (Céréginho et al. 2014).

The continuously changing boundaries of marshes
create a unique landscape structure characterized by a
core habitat surrounded by further dispersed aquatic
habitats. The composition and structure of macroinver-
tebrate communities are determined by both the charac-
teristics of the available habitats and the functional traits
of the species. Little is known, however, about the under-
lying processes and relationships within marsh systems.
In addition to the importance of large core habitats
(major open water habitat), the significance of smaller

biodiversity of these adjacent habitats has been separ-
ately studied in most cases (Boix et al. 2001, Williams
et al. 2001); thus, our knowledge of their contributions
to the species richness of the freshwater marsh system
as a whole is limited (Martinez-Sanz et al. 2012).

The shallow nature and relatively small size of
marshes usually create a large littoral zone, providing
diverse habitats for macroinvertebrates with low den-
sities of vertebrate predators (Wood et al. 2001,
Sendergaard et al. 2005). Aquatic macroinvertebrates
have a wide range of environmental preferences and rep-
resent a diverse group that integrates ecosystem changes
over time. Moreover, they are frequently used in biodi-
versity studies because of their high taxonomic hetero-
geneity. Even though the characteristics of a
macroinvertebrate community can be described by
diversity metrics, the functional composition (ie., the
proportion of different traits) may give more powerful
insight into processes that generate diversity patterns.
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Therefore, simultaneously considering both taxonomic
and functional viewpoints provides an opportunity to
better understand the structure and function of a perma-
nent freshwater marsh ecosystem (Statzner et al. 2004,
Gallardo et al. 2011, Sartori et al. 2015)

A crucial step toward effective conservation of a com-
plex marsh ecosystem is to have relevant knowledge on
the biota (including macroinvertebrates), of not only the
core but also of related habitats. Both scientific studies
and management activities need to focus on all aquatic
patches in the landscape and, in turn, identify and under-
stand the linkages between them (Sayer 2014). Here we
provide a broad view of species richness, taxonomic dis-
tinctness, and trait characteristics among macroinverte-
brate communities of a marsh system. We presumed
that, in addition to the core habitat, related habitats
would also have unique communities with specific taxo-
nomic and functional features. We conclude by highlight-
ing the importance of related satellite habitats and their
remarkable contributions to the high biodiversity and
great value of the marsh ecosystem as a whole.

Materials and methods

Description and characterization of the study
area

The Biharugra marsh system is located in the Kis-Sarrét,
one of the most diversified and valuable areas of the
Koros-Maros National Park in southeast Hungary.
Before the 20th century, the Kis-Sarrét was regularly
flooded by water from the Ko6ros River, forming a huge
marshland that decreased in size because of channeliza-
tion activities of the 1860s. Thus, the remaining marsh
patches are an endangered remnant of the primeval
landscape with high conservation value.

The Biharugra marsh system, including the surround-
ing aquatic habitats, covers ~1.5 km? (47°33'29"N, 20°
55'29"E; 10 x 10 km UTM grid code: ET 40; Fig. 1). It
lies in a semiarid—semihumid climatic region where the
average annual air temperature is 10-11 °C and the aver-
age annual precipitation is 520-550 mm, most of which
occurs in spring and autumn. The Biharugra marsh sys-
tem is a permanent freshwater marsh based on the Ram-
sar Classification System published by Ramsar
Convention Secretariat (2013).

Hydrogeomorphic units based on their functional
characteristics were used to distinguish 3 types of aquatic
habitats within the marsh system: (1) Core Unit (CU), a
permanent inundation of a wetland in the central pos-
ition of the Biharugra marsh system; (2) Transitional
Unit (TU), a seasonal to intermittent inundation of a
wetland, with seasonal saturation; and (3) Satellite Unit

(SU), seasonal depression wetlands with seasonal to
intermittent saturation. Although the hydrologic and
hydraulic connections via groundwater are more or
less permanent among the 3 Units, only the CU and
TU are connected for at least 2 months of the year via
surface water and are separated from the SU.

The CU has relatively stable hydrologic features, has a
water depth between 30 and 100 cm, and is characterized
by diverse and extremely patchy vegetation (i.e., Phrag-
mites australis, Ceratophyllum spp., Lemna spp., Typha
spp.. Trapa natans, Stratiotes aloides, and Hydrocharis
morsus-ranae) and relatively large open-water areas (a
single large and several smaller bodies of water, together
covering >8 ha). During the sampling period, the water
level of the CU was not constant, but it never dried
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Figure 1. Orthophoto of the Biharugra marsh system (top). The
red dot in the inset marks the location of the study site in
Hungary. Schematic map of the study site (middle) with unit
types: Satellite Unit (green), Transitional Unit (blue), and Core
Unit (red). The schematic vertical section of the Biharugra
marsh system (bottom) with the hydrologic and hydraulic con-
nections between the Units.



because of repeated rainfalls of varying intensity, artifi-
cial inundation, and water retention. The TU, which
includes habitats located between the permanently wet
and dry zones of the marsh system (e.g., shallow ditches
with macrophytes alongside the marsh, dystrophic pud-
dles under alder tree groves, overflow ditches with
macrophytes, willow shrubs near the shoreline, alder
swamps, small ponds, and residual shoreline puddles),
is directly connected to the CU via surface water for at
least 2 months of the year. The SU includes isolated
and discrete intermittent wet habitats (e.g., temporary
ponds, puddles, temporary alder swamps, and older dry-
ing oxbows), which were never connected to the CU via
surface water.

Sampling methods

Faunistic sampling was conducted during spring (24-27
Mar 2012), summer (30 Jul to 1 Aug 2012) and autumn
(20-21 Oct 2012) at 42 sampling sites across the 3 Units
(CU: 15; TU: 14; SU: 13). Samples were collected by
sweeping 3 x 10 times per sampling site by 3 people
with standard pond nets (mesh sizes of 250 and 500 pm).
Thus, one sample consisted of 30 net sweepings from
all available habitat types of the sampling site: the open
water column, the surface and the upper layer of the
sediment, and the edge and middle of the vegetation
beds. Distribution of the number of sweeps among
habitats was approximately the same as the spatial pro-
portion of the open and vegetated habitats. Macroinver-
tebrates were picked directly from the nets (fast-moving
insects), and trays were also used for a thorough inspec-
tion of the sample to collect further invertebrates, includ-
ing those associated with collected aquatic vegetation.
During this process we tried to gather all morphotypes
in sufficient numbers to record all species from the
site. Together, the sampling procedure (sweeping and
sorting) was conducted for a 3 x 30 min parallel for 3
people at each sampling site.

Statistical analysis

We used Hill numbers to quantify taxonomic diversity of
an assemblage and to compare diversity among sampling
Units. Hill numbers are parameterized by a diversity
order g, which determines the sensitivity of the measure
to the relative abundance of the species. In our study,
because only taxonomic samples were taken, species
richness (q =0) was used. Hill numbers have important
features as they fulfil the replication principle or dou-
bling property, which means if 2 completely distinct
assemblages have identical Hill numbers of order g,
then the Hill number of the same order doubles if the
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2 assemblages are combined (Chao et al. 2014). Species
accumulation curves and richness estimates (Chao 2)
were made using iNEXT: an R package for the rarefac-
tion and extrapolation of species diversity and for trans-
forming raw incidence data into incidence frequencies
(Hsieh et al. 2015).

We compared the composition of species among
Units using nonmetric multidimensional scaling
(NMDS). Two sampling sites from the CU (CU_23,
CU_32) and TU (TU_13, TU_42) were excluded from
statistical analyses to avoid statistical artefacts that
arise when very small numbers of species are used (n <
10). The dissimilarity of composition based on pres-
ence—absence data was quantified using the Jaccard
index (Legendre and Legendre 1998). We used average
taxonomic distinctness (delta®; ie., the average taxo-
nomic distance between all pairs of species) to describe
the diversity of the Units. This measure is a useful tool
for studying and comparing macroinvertebrate commu-
nities regardless of sample size and, to a lesser degree, the
type of sampling method used (Clarke and Warwick
1998, Warwick and Clarke 1998, Bafios-Picén et al.
2009). In addition, we calculated delta™ for each Unit
based on the pooled species lists of CU, TU, and SU.
The results were displayed in funnel plots, where the
mean delta” and 95% probability limits were calculated
based on 999 random selections for each number of
species from the total species list. To calculate taxonomic
distinctness, we used the PRIMER v6 software (Clarke
and Gorley 2006).

To evaluate the relative importance of beta-diversity,
nestedness, and agreement in species richness in species
composition of the Units, SDR simplex analysis was per-
formed using MATLAB software based on the work of
Podani and Schmera (2011). To assess for differences
in functional composition of macroinvertebrate commu-
nities of the Units, the following, presumably most rel-
evant, traits were analyzed: life duration, number of
generations per year, microhabitat/substrate preference,
habitat type preference, feeding type, and locomotion
type. Information from the freshwaterecology.com trait
database (Schmidt-Kloiber and Hering 2015) was used
for each species. The number of taxa that presented a
certain trait was multiplied by the trait sensitivity accord-
ing to the protocol by Hering et al. (2009). To test species
richness and trait-based compositions, analysis of var-
iance (ANOVA) and Tukey honest significant difference
(HSD) post hoc tests were used.

Results

We collected 5337 macroinvertebrates representing 259
taxa during sampling (detailed faunistic records can be
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found in Csabai et al. 2015). Of these, 8 species recorded
from the marsh system are protected in Hungary and are
listed on the International Union for Conservation of
Nature (IUCN) Red List or are marked in the Conven-
tion on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) or in the Bern Conven-
tion on the Conservation of European Wildlife and
Natural Habitats (for details see Csabai et al. 2015).
The highest number of taxa was found in TU (197),
the lowest number in SU (122), and an intermediate
number in CU (166). Moreover, CU and TU had the
highest number of common species (41), whereas only
3 species occurred in both CU and SU. Nearly one-
third of the species (29.7%) were found in all 3 Units,
one-fourth (24.3%) were collected from only 2 Units,
and almost half of the taxa (49.4%) exclusively inhabited
a single Unit (Fig. 2). The estimated number of species
was considerably higher than the number observed in
each Unit and in the entire marsh system using the
Chao estimator (Table 1). The species accumulation
curves of each Unit showed monotonic increases (Fig.
3), indicating that the estimated species richness would
likely be considerably higher than the observed level of
richness; however, the observed numbers are comparable
to each other as estimated numbers. The NMDS

Core

Satellite Transitional

Figure 2. Venn diagram showing the numbers of unique, com-
mon, and total number of species for the 3 Units. The common
subset refers to the common species among Units.

ordination (Fig. 4) revealed a considerable overlap
between species composition of the CU and TU; how-
ever, the variance in the TU was considerably higher
than in the CU. Species composition of SU was different
from compositions of the other Units.

Based on the pooled species lists, the highest delta®
was observed in the CU (A" = 71.16), whereas the lowest
value was in the SU (A" = 65.66). The values significantly
(CU, p=0.026) or marginally significantly (SU, p=
0.068) differed from the mean; however, they were
close to the upper and lower 95% limits, respectively.
The delta® value for the TU (A" =68.60, p =0.917) was
close to the mean value (A" = 68.80; Fig. 5).

The metacommunity of the entire marsh (CU + TU +
SU) is nearly random, with a substantial equilibrium
between beta-diversity features such as replacement (R)
and dissimilarity (D). When considering the Units indi-
vidually, however, R was the most important component
in the CU (R=41.80) and TU (R =58.76), while D was
highest in SU (D =43.46), and similarity (S) was the
least important component in all cases, never exceeding
19% (Table 2). In pairwise comparisons, R was always
the most important component, ranging from 44% to
51%, and remained as such when all sites from all 3
Units were analyzed together (49%). However, the
macroinvertebrate communities of Units were not nested
within one another (Fig. 6).

N
S
S)

'
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-

Species richness
2

(') 1'0 2'0 3I0
Number of sampling units
Figure 3. Species accumulation curves for each Unit (red: Core
Unit; blue: Transitional Unit; green: Satellite Unit). Monotonic

increases of each curve confirms that estimated species richness
might be considerably higher than observed richness.

Table 1. Observed and estimated number of species using Chao 2 species richness estimator.

Estimated number of taxa

Observed number of taxa Chao 2 Standard deviation lower 95% upper 95%
Core Unit (CU) 166 198.215 12.368 181.575 232.632
Transitional Unit (TU) 197 282.338 24.62 246.031 345.532
Satellite Unit (SU) 122 163.143 15.726 141.951 206.844
All Units (CU + TU + SU) 269 370.908 29.016 327.959 445.142
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Figure 4. NMDS ordination plot of species composition in each Unit (Jaccard index, final stress = 0.1672). Red: Core Unit; blue: Transi-
tional Unit; green: Satellite Unit. The Transitional Unit shows a much higher variance, almost completely involving the more compact
convex hull of the core sites; whereas the Satellite Area has the most different faunal composition.

The mean plots of the trait-based analyses showed the
number or proportions of each trait for each Unit
(Fig. 7). Total number of species was not different
among the 3 Units (Fig. 7a; ANOVA: F=1.8154, p=
0.1763). The ratio of predators to nonpredators in the

100 +
90+
80+

704

Delta+

60+

50+

40 S I I I I I 1
I + t t + t 1
o 50 100 150 200 250 300
Number of species

Figure 5. Taxonomic distinctness analyses of species compo-
sition of Units (all sampling sites were pooled for each Unit
type). The Core Unit community is taxonomically more robust
than in the other Units and had a higher delta® than the average
value. The Unit values did not significantly differ from the mean.
Red: Core Unit; blue: Transitional Unit; green: Satellite Unit.

CU (Fig. 7b; ANOVA: F=12.6912, p =0.00006; Tukey
HSD: CU vs. TU: p=0.000282, CU vs. SU: p=
0.003591) was significantly higher than in the other
Units, as was the number of passive dispersers (Fig. 7d;
ANOVA: F=10.3421, p=0.0003; Tukey HSD: CU vs.
TU: p=0.016391, CU vs. SU: p =0.000340). No differ-
ences were found among Units in the number of active
dispersers (Fig. 7c; ANOVA: F=0.9994, p=0.3773).
The proportion of taxa with short larval development
(<1 yr) was lower in SU than in other Units (Fig. 7e;
ANOVA: F=6.6527, p=0.0033; Tukey HSD: CU vs.
SU: p=0.010468, TU vs. SU: p=0.006879), whereas
the number of taxa with long larval development was
highest, but not significantly, in the CU (Fig. 7f;
ANOVA: F=3.1379, p=0.0545). No significant differ-
ences were found in either long-life taxa (<1 generation
per year) or short-life taxa (>1 generation per year)
between Units (Fig. 7g; ANOVA: F=3.888, p=0.0288;
H; ANOVA: F=0.242, p=0.7862).

Discussion

The Biharugra marsh system deserves serious conserva-
tion attention because of its high species diversity and
the presence of protected species. The species compo-
sition of macroinvertebrates was also characterized by
a combination of typical lowland marshland species
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Table 2. Results of the SDR simplex analysis. Mean scores of the measured similarity (S), richness difference (D), species replacement (R),
beta diversity, and richness agreement among the individual sampling sites in the different Units (CU: Core Unit, TU: Transitional Unit,

SU: Satellite Unit).

Similarity Richness difference Species replacement Beta diversity Richness agreement

(S) (D) (R) (R+D) (S+R)
Ccu 18.66 39.54 41.80 81.34 60.46
TU 16.71 24.53 58.76 83.29 75.47
SuU 16.72 43.46 39.82 83.28 56.54
CU+TU 16.83 31.73 51.44 83.17 68.27
CU+SU 15.09 40.47 44.44 84.91 59.53
TU+SU 16.01 34.53 49.45 83.98 65.46
CU+TU+SU 15.54 3545 49.01 84.46 64.55

CU+TU+SU

Figure 6. SDR-simplex plots of macroinvertebrate communities in each Unit (Core [CU], Transitional [TU], and Satellite [SU]). The meta-
community of the whole marsh (CU + TU + SU) is nearly random with a substantial equilibrium between beta-diversity features, such as

replacement (R) and dissimilarity (D).

and acidophilic bog-dwelling taxa (for details see Csabai
et al. 2015), which highlights the conservation impor-
tance of this system in providing a heterogeneous habitat
complex for macroinvertebrates.

Our results suggest that the CU community is taxono-
mically robust (with a higher delta®) and more diverse
than the TU and SU communities. Community charac-
teristics suggest an advanced successional stage, most
likely due to the relatively stable environment and com-
petitive exclusion of species by the more competitive
species (Ruhi et al. 2012). Species richness, however,
was highest in the TU, where the diverse community
of permanent residents that survive dry periods by aesti-
vating in different life stages is seasonally invaded during

wet periods by ephemeral residents with good dispersal
capability and rapid larval development, adding new
species to the community (Jocqué et al. 2007). Addition-
ally, during occasional dry periods, a number of taxa
leave the TU and most likely migrate to the CU where
conditions are more stable, as suggested by the high
number of common taxa in these Units. This infor-
mation highlights the importance of the hydrologic con-
nection between the CU and TU. If the hydroperiod is
long enough, the regional fauna can recolonize TU habi-
tats (Schneider and Frost 1996, Jeftries 2011), although
the TU community is taxonomically less robust than
the CU community. The disturbance caused by the
periodically changing water levels in the TU might not
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Figure 7. Traits of macroinvertebrates in each Unit. Different letters denote statistical significance (P < 0.05), error bars represent stan-

dard error.

necessarily lead to a reduction in species richness, but
rather might decrease the taxonomic distinctness (War-
wick and Clarke 1998). The SU had the lowest number of
species and taxonomic distinctness, most likely due to
the temporary nature of these habitats. Spencer et al.
(1999) found that species richness is higher in more per-
manent pools.

The group of species in the SU is not a subset of the
more species-rich communities of the CU and TU. The
CU and TU have overlapping species composition,

whereas community structure of the SU is notably differ-
ent from the other 2 Units (Fig. 4 and 6), consisting of a
large number of species that can survive the rapidly
changing environment because of their life cycles or dis-
persal strategies (Porst et al. 2012). Thus, the SU contrib-
utes substantially to species richness of the entire marsh
system. From a conservation perspective, if the biota is
not highly nested among Units, as shown by SDR sim-
plex analysis in this study (Fig. 6), several small habitat
patches tend to maximize the number of species in a
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given area (Ovaskainen 2002). The diverse community in
the CU is associated with high ecosystem function
(Hooper et al. 2005, Ruhi et al. 2012). Most of the species
living in this Unit are univoltine taxa with larval develop-
ment >1 year. These K-selected species can take advan-
tage of stable or more predictable environments (i.e.,
CU) because they successfully compete for limited
resources (Miguel-Chincilla et al. 2014). As a result, a
more complex food web can evolve with a higher pro-
portion of predators (Fig. 7b; Spencer et al. 1999). The
high lateral connectivity of TU and CU between dry sea-
sons may facilitate the movement and exchange of taxa
between the Units (Karaus 2004), resulting in high simi-
larity of their aquatic macroinvertebrate communities
(Fig. 2). However, the number of species with traits
characteristic to the CU is low in the TU, with a signifi-
cantly lower proportion of predators (e.g., predators with
longer life cycles, such as Anisoptera, were absent in TU).
TU aquatic habitats are intermittent because of the dry
period, and thus a less complex food web develops (Bil-
ton et al. 2001). The community in the SU contains a
high number of multivoltine species with larval develop-
ment times <1 year and has the lowest proportion of pas-
sive dispersers (Fig. 7d). The lack of water connectivity
between the Units is a major barrier to passive dispersers
that must rely on various vectors to reach this satellite
habitat (Bilton et al. 2001). By contrast, active dispersers
can move among relatively close patches (Fig. 7c). The
low proportion of predators suggests that, similar to
the TU, a complex food web could not develop in the
SU because of the relatively long dry periods (Schneider
and Frost 1996, Schneider 1997).

Management planning for nature conservation sites
has a number of aims, including maximizing the number
of species that survive, the number of currently occurring
species, the time to extirpation, and maximizing the
metapopulation capacity. This latter aim corresponds
with maximizing the occupied habitat and is related to
maximizing the abundance of the species (based on
Hanski and Ovaskainen 2000, Ovaskainen 2002). In
our study, the CU, TU, and SU were equally important
from a conservation perspective, but in different ways.
The highest species richness was in the TU; the SU had
a clear unique species composition; and the CU sup-
ported a moderately high number of species and a stable
community with high taxonomic distinctness. Directly
connected (as TU) or isolated (as SU) surface waters
with a large core (as CU) waterbody might maintain
higher diversity than the Units, respectively (i.e., the
whole is more than the sum of its parts). Moreover,
the different “parts” provide habitats for species with
different ecological traits. Here we provide evidence for
the importance of non-core habitat patches and provide

evidence that marsh ecosystems must be viewed more
holistically. Permanent or slightly changing water levels
are needed during conservation activities to ensure the
integrity of CU waterbodies, and efforts should also
focus on maintaining the TU and SU habitats.

Similarities and differences in taxonomic and func-
tional composition of the communities show how the
different units contribute to a high biodiversity; all of
the parts have special roles, hosting differently composed
macroinvertebrate assemblages and functioning in more
or less different ways. Accordingly, all of the aquatic
habitats of a marsh system should be considered together
as one meaningful ecological entity during implemen-
tation of a conservation program.
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