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Abstract The Nyirkai-Hany wetland reconstruction
area in northwestern Hungary is now designated as a
Ramsar and a Natura 2000 site. It was created in
2001-2002 by the Fert6-Hansdg National Park Direc-
torate to restore a part of the formerly drained large
wetland called Hansag and to offer waterbirds a
suitable habitat for feeding and breeding. We focused
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on this aim of the restoration project and studied the
temporal and spatial variation in abundance of birds
and their invertebrate prey in this newly created
wetland. From April 2007 until May 2008, we
sampled plankton, nekton and benthos of different
habitats monthly and monitored waterbirds weekly on
the three different areas of the Nyirkai-Hany. During
our investigations, 135 invertebrate and 53 waterbird
species were recorded. Benthos and macrophyte
decomposition accelerating guilds were the most
abundant waterbird guilds—besides the dominant
grazing importer material transporter guild, repre-
sented primarily by geese—in the Nyirkai-Hany.
Zooplankton assemblages primarily consisted of small
species not easily used as a food by planktivorous
waterbirds. The low density of zoobenthic biomass
and the small extent of shallow water mudflats
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probably accounted for the scarcity of the bioturbing
guild group of birds. Nektonic biomass varied greatly
among locations having different vegetation types,
was greatest in the shallow water areas dominated by
Typha, Carex and Phragmites species and lowest at
offshore vegetation-free sites. Chironomids, mayflies
and odonates were especially abundant and their
biomass significantly correlated with several water-
bird species, mainly belonging to the macrophyte
decomposition accelerating guild (e.g. Anas platyryn-
chos, Fulica atra). This guild itself, which has
increased in abundance in recent years, showed an
exceptionally strong correlation with odonate abun-
dance. These results indicate the growing importance
of the Nyirkai-Hany wetland area as a foraging site for
waterbirds.

Keywords Invertebrate biomass - Zooplankton -
Macroinvertebrate - Waterbird trophic guild -
Wetland restoration

Introduction

Wetlands are important contributors to biodiversity
worldwide. During past centuries, their number and
area have dramatically diminished on both local and
global scales. Moreover, due to diversions, flow
regulation and channelling, even the remaining wet-
lands have suffered drastic changes, and become more
fragmented.

Rehabilitation of degraded areas can play a major
role in biodiversity conservation and in making a
link between fragmented landscapes. Although res-
toration has been practised in some form for a long
time, restoration ecology as a field of conservation
science has evolved only in recent decades (Stand-
ovar & Primack, 2001; Falk et al., 2006). But not
every habitat-restoring activity is strictly restoration:
creation, enhancement and reclamation can be dis-
tinguished. Restoration is literally returning a site to
its natural conditions or the conditions that existed
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before perturbation (Middleton, 1999). Disappeared
habitats cannot be re-established completely as they
were, but very similar sites can be constructed with
proper aims and methods and can later fulfil some of
the ecological roles of former habitats (Bronmark &
Hansson, 1998).

Aquatic habitats have great importance in supply-
ing waterbirds with invertebrate food (Murkin &
Kadlec, 1986; Lillie & Evrard, 1994; Cooper &
Anderson, 1996; Svingen & Anderson, 1998; Arzel
et al., 2009). Therefore, in the case of wetland
restorations, especially those with the aim of water-
bird conservation, aquatic food sources have a great
influence on restoration success and monitoring of
those food sources is highly desirable (Danell &
Sjoberg, 1982; Lillie & Evrard, 1994; Cooper &
Anderson, 1996; Sutherland et al., 2004). However,
for only a few restored or newly created inland
wetlands and aquatic habitats have good monitoring
studies been conducted for invertebrates (e.g. Danell
& Sjoberg, 1982; Andrikovics et al., 1992; Ferguson
& Rakocinski, 2008) or birds (Danell & Sjoberg,
1982; Brawley et al., 1998; Moreno-Mateos et al.,
2009).

Also, aquatic birds themselves can affect many
characteristics of the shallow waterbodies (Gere &
Andrikovics, 1994; Andrikovics et al., 1997; Boros
et al., 2008), as well as their invertebrate assemblages
(Hurlbert & Chang, 1983; Lopes et al., 2000; Sanchez
et al., 2006). Thus, to the extent that a habitat is made
more attractive to waterbirds, reductions in the
standing crops of their prey or food may result.

The Nyirkai-Hany wetland reconstruction area
has become an important area for migratory birds in
northwestern Hungary since its creation in 2001-2002
and is now designated as a Ramsar and a Natura 2000
site. The increasing numbers of birds using this newly
created wetland show that it has become an important
feeding ground on their migration route (Pellinger &
Takacs, 2006; Ferenczi et al., 2009).

The simple objective of our study was to document
the temporal and spatial variations in abundances of
birds and aquatic invertebrates 6 years after the
reconstruction of this wetland, and to assess any
correlations between the more abundant groups of
invertebrates and their waterbird consumers. This
information should help inform management of
the reconstruction area as well as similar projects
elsewhere.
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Materials and methods
Study area

The Hansag peatland formerly occupied an extensive
area (55,000 ha) in northwestern Hungary. It was the
eastern portion of the largest Hungarian wetland
system connected to the Danube River, which
included not only the Hansag but also Lake Fert6
(Neusiedler See). Widely fluctuating water levels and
floods stimulated the construction of drainage and
channelling systems that began in the 1700s and
continued until the 1960s. Increasing water withdraw-
als for agricultural fields and peat deposits furthered
the disappearance of open waters in the Hansag.

Remains of the Hansag are now under protection
belonging to the Fert6-Hansag National Park, and
the Directorate has decided to restore a part of the
formerly drained wetlands. The idea was to create an
area that would not only increase the extent of open
waters and enhance the biodiversity of the region but
also offer waterbirds a suitable habitat for feeding and
breeding and protect the remaining peat deposits and
patches of vegetation.

Therefore, the Nyirkai-Hany wetland reconstruc-
tion area was created in 2001-2002 (Fig. 1). It consists
of three separate waterbodies covering 85 (Area
No. I), 130 (Area No. II) and 215 ha (Area No. III),
respectively. They were flooded by using the water of
two channels and the River Rabca. The water level of
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each unit can be regulated independently by dams.
Water depth is mainly 0-60 cm, and there are also
some terrestrial and temporarily flooded parts of the
area. Deep (>60 cm) waters make up only 10% of the
aquatic habitat. The wetland differs from its original
state primarily in receiving higher nutrient inputs and
having a more stable water level (Margdczi et al.,
2002; Dinka, 2006; Middleton et al., 2006). According
to the chlorophyll-a content measured by Dinka
(2006), the water of the Nyirkai-Hany is considered
to be eu-polytrophic (Felfoldy, 1974) or hypertrophic
(OECD, 1982).

Open water dominates the reconstructed wetland
and has increased since 2001 (Takacs et al., 2007).
Typha latifolia, Typha angustifolia and Phragmites
australis have the highest cover. Submerged vegeta-
tion, usually represented by Ceratophyllum demersum
or Myriophyllum spicatum, is scarce and can only be
found in some parts of the area (Pellinger & Takacs,
20006).

After flooding, some native plant (except for Area
III), mollusc and fish species were introduced. These
included 2,000-2,500 individuals of seven aquatic
gastropods (Viviparus contectus, Bithynia tentaculata,
Valvata cristata, Lymnaea stagnalis, Physa fontinalis,
Planorbarius corneus, Planorbis planorbis) and three
bivalve species (Anodonta anatina, A. cygnea, Unio
pictorum). The fish were mostly cypriniforms, such as
common rudd (Scardinius erythropthalmus), Euro-
pean chub (Squalius cephalus), asp (Aspius aspius),

Czech Rep.

Slovakia

Hungary

Romania

Croatia
Serbia

Fig. 1 Location of the Nyirkai-Hany wetland reconstruction area (geographical position: N 47°42'18” EO 17°11’17") and the

sampling sites
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moderlieschen (Leucaspius delineatus), silver bream
(Abramis bjoerkna), carp bream (Abramis brama),
crucian carp (Carassius carassius), common carp
(Cyprinus carpio carpio morpha hungaricus and
acuminatus), European bitterling (Rhodeus amarus),
common bleak (Alburnus alburnus), tench (Tinca
tinca) and European weather loach (Misgurnus foss-
ilis). Species native to the Hansag—catfish (Silurus
glanis), pike (Esox lucius), perch (Perca fluviatilis),
zander (Sander lucioperca) and mudminnow (Umbra
krameri)—were also released. The total weight of
translocated fish was 12,130 kg. A recapture survey
showed that introduction was successful for all
species. Some exotic fishes also eventually appeared
in the Nyirkai-Hany: prussian carp (Carassius gibe-
lio), topmouth gudgeon (Pseudorasbora parva),
pumpkinseed sunfish (Lepomis gibbosus) and Euro-
pean eel (Anguilla anguilla). The first three of these
established fast-growing populations (Karpati, 2003).

Waterbirds in the area were surveyed prior to our
study by Pellinger (2003), Pellinger & Takacs (2006)
and Ferenczi et al. (2009). The total number of
waterbirds, especially mallards (Anas platyrhynchos)
and black-headed gulls (Larus ridibundus) has greatly
increased since the creation of the area. For example,
the number of mallards observed per year grew from
11,000 to 45,000 between 2002 and 2007. However,
the numbers of some species, like shovelers (Anas
clypeata; 536 in 2002 but only 91 in 2007) or red-
crested pochards (Netta rufina) decreased over this
period (Ferenczi et al., 2009).

Sampling and monitoring regimes

At roughly monthly intervals from April until October
2007 and from March until May 2008, we collected
quantitative plankton, benthos and nekton samples
from 10 locations representing different habitats
defined on the basis of their vegetation (Carex spp.:
1/1, 1/2; Typha spp.: U2, 1/3; P. australis: 11/1, 111/
3; offshore with Nymphoides peltata together with
Nymphaea alba and Nuphar lutea: 11/3; offshore with
scarce submerged vegetation: I/1, II/2; offshore
with Polygonum amphibium: 111/4) on a monthly basis
(Fig. 1). Takacs (2003) reported that in all three areas
water depth strongly correlated with dominant vege-
tation: 0—6 cm water depth was associated with Typha
spp., 16-25 cm with Carex spp. and 33-39 cm with
P. australis. This was true in our study as well, with
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the addition of an offshore, open water habitat
averaging 80 cm deep during our samplings.

Five samples of nekton and benthos were each
collected from each of the 10 sites. For benthos
samples, the upper layer of sediment (10 cm) was
taken out by using a plastic coring tube (diameter:
6 cm). Nekton samples were collected from the whole
water column with a surface of 780 cm?. While these
samples consisted mostly of nektonic invertebrates,
some benthic and epiphytic animals were also caught.
For zooplankton, we chose one open-water site per
area (I/1, 1I/3, 1II/4), as plankton-consuming water-
birds appeared only in this habitat. Three replicate
zooplankton samples were collected by filtering 30 1
of water per site through a plankton net (mesh size:
60 wm). Water was collected over as wide an area as
possible to compensate for the patchiness of micro-
crustacean assemblages. Sites were sampled in the
same order each time, and collected invertebrates were
stored in 70% ethanol.

Weekly waterbird monitoring was conducted sep-
arately on the three parts of the area. The numbers of
individuals belonging to each species were counted on
a permanent route at 11 census points around the
waterbodies on the dikes. The same method was used
as in Pellinger (2003), Pellinger & Takacs (2006) and
Ferenczi et al. (2009).

Sample analysis

Invertebrates were identified, where possible, to
species level. Afterwards, in order to estimate the
biomass of the aquatic macroinvertebrates, nearly all
individuals were grouped by species and stages,
initially dried to constant weight at 105°C, and the
average dry weight of each group was then estimated
(Németh, 1998). Groups represented only by a few
individuals or ones too small for dry mass measure-
ments were ignored. For calculating the dry mass of
microcrustaceans, data from the literature were used
for each taxon (Németh, 1998; Wolfram-Wais et al.,
1999). Exuviae of chironomids were also identified
but were not used for biomass calculations.

Data analysis
Biomass was calculated for each of the three areas for

each sampling date, for the three major invertebrate
assemblages (zooplankton, benthos, nekton) as well as
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for certain dominant individual taxa (Odonata, Chiro-
nomidae, Heteroptera, etc.). For zooplankton, this was
done simply using the three replicate samples taken in
each area. For the benthos and nekton, however, the
estimates for a given area required a two-step process.
First, the mean was determined separately for all those
samples from a given habitat type (Phragmites, Typha,
etc.) in that area. Then, a weighted average of those
habitat means for the area was calculated. This used as
weights the relative areal extents (G. Takacs, pers.
comm.) of the different habitat types within that area.
Geometric means were determined via log trans-
formation and then back transformation. To avoid
values of zero, we added the lowest possible (given our
sampling and reporting protocols) non-zero value to
each datum in any data set containing one or more
values of zero. These constants were: 277 pg 17! for
benthic Oligochaeta and 107 pg 1! for benthic Chi-
ronomidae. Data sets for Copepoda, Cladocera, total
zooplankton, total nekton, total benthos, and nektonic
Chironomidae, Odonata, Ephemeroptera and Heterop-
tera calculated for the three areas did not contain any
zero values. In the case of the nekton and benthos data
sets of the 10 sampling sites illustrated in Fig. 3, the
constants of 3.88 ug 1~ for nekton and 107 pg 17" for
benthos were added prior to log transformation.
Differences among the three areas in geometric
mean cladoceran and copepod biomass were assessed
with separate one-way ANOVAs for each date.
Differences among vegetation types in annual geo-
metric mean nektonic biomass of different vegetation
types were also tested with a one-way ANOVA.
Waterbird analyses were conducted for both indi-
vidual species and for sets of species called guilds
(Table 1). Olah (2003) and Olah et al. (2006) classi-
fied the 165 Hungarian waterbird species into three
waterbird trophic guild groups comprising nine guilds
defined on the basis of their metabolic and mechanical
activities (Table 1). Material transporters can
increase or decrease the trophic state of wetlands by
transferring nutrients between terrestrial and aquatic
systems thereby influencing water quality. Decompo-
sition accelerating and bioturbing guild groups con-
tribute to the decomposition of organic materials by
digestion or mechanical activities (e.g. the prodding of
waders in the mud since they consume benthic
invertebrates and also accelerate aerobic inorganic
decomposition at the same time). Among material
transporters, grazing importers (mainly geese) and

two exporter—importer guilds are established. Col-
lecting exporter—importer birds mainly feed onshore
and spend the night on the water (e.g. cranes), while
nekton—consumer export—importers hunt in the water
but can concentrate materials around the nest sites of
their colonies (e.g. egrets or cormorants). Within
decomposition accelerating guild group, guilds are
distinguished by their main food types (macrophytes,
nektonic, benthic or planktonic invertebrates).

For each waterbird species or guild for each area the
geometric mean density in a given month was calcu-
lated using three counts, made before, during and after
the week of the invertebrate samplings. This smoothed
out variations due to fluctuating weather conditions. All
data sets contained at least one value of zero, and so
prior to log transformation the lowest possible non-zero
value, 1.2 ind km_z, was added to all density values.

For the 10 most abundant invertebrate-eating
waterbirds, correlation analyses were used to see if
their geometric mean densities were related to the
geometric mean densities any of nine different inver-
tebrate taxa or assemblages. Each correlation analysis
was based on 27 data pairs, representing the three
areas each sampled nine times.

Results
Invertebrate species composition and biomass

A total of 135 invertebrate species were found in the
Nyirkai-Hany wetland in this study; 98 of them are
recorded here for the first time since reconstruction.
No large dissimilarities were shown between the
species composition of the three parts of the recon-
struction area, although the number of their species
was slightly different: 62 in Area I, 83 in Area II, and
95 in Area III. The species list can be found in the
Online Appendix.

Zooplankton assemblages consisted mainly of
Copepoda (13-96%) and Cladocera (3—86%), while
Ostracoda were always negligible compared to the
former two groups (having only 0-8% relative
frequency in the assemblages, considering all sam-
ples). The two microcrustaceans with the highest
frequencies were Acanthocyclops robustus (Copep-
oda) and Bosmina longirostris (Cladocera). During the
study of the three areas, the latter species had the
highest relative abundance in the assemblages 13
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Table 1 The waterbird trophic guilds and their abbreviations
used in this study according to Olah (2003) and Olah et al.
(2006) with the bird species observed during the invertebrate

et al., 2006)

sampling in the Nyirkai-Hany and their main food resources

(Vasvari, 1928, 1951; Kovacs, 1971; Sterbetz, 1972; Gilbert
et al., 2003; Kubetzky & Garthe, 2003; Olah, 2003; Boros

Trophic guild system of the Abbrev.  Species in the area observed during Main food resource
Hungarian waterbirds the invertebrate sampling
1. Material transporter guild group
1.1. Grazing importer material GIMT Anas penelope, Anas platyrhynchos, Terrestrial plants, seeds, snails, insects
transporter guild Anser albifrons, Anser anser, Anser (Anas platyrhynchos: see more at
fabalis, Branta ruficollis 2.1.)
1.2. Collecting export—importer CEIMT Larus cachinnans, Larus canus, Larus Fish, terrestrial and aquatic insects,
material transporter guild melanocephalus, Larus minutus, Larus snails, shells, worms
ridibundus, Chlidonias hybrida,
Chlidonias leucopterus, Chlidonias
niger, Vanellus vanellus
1.3. Nekton—consumer export— NCEIMT Ardea cinerea, Ardea purpurea, Ardeola  Fish, frogs, water snakes, nektonic

importermaterial transporter
guild

2. Decomposition accelerating guild group

2.1. Macrophyte decomposition
accelerating guild

2.2. Plankton decomposition
accelerating guild

2.3. Benthos decomposition
accelerating guild

2.4. Nekton—consumer
decomposition accelerating guild

3. Bioturbing guild group
3.1. Prodding bioturbing guild

3.2. Progging bioturbing guild

MDA

PDA

BDA

NCDA

ralloides, Egretta alba, Egretta
garzetta, Haliaeetus albicilla,
Ixobrychus minutus, Nycticorax
nycticorax, Pandion haliaetus,
Phalacrocorax carbo, Platalea
leucorodia, Podiceps cristatus, Sterna
hirundo

Anas acuta, Anas clypeata, Anas crecca,
Anas penelope, Anas platyrhynchos,
Anas querquedula, Anas strepera,
Aythya ferina, Aythya nyroca, Cygnus
olor, Fulica atra,Gallinula chloropus,
Netta rufina, Rallus aquaticus

Anas clypeata, Tringa erythropus

Actitis hypoleucos, Aythya ferina, Aythya
fuligula, Larus ridibundus, Tringa
glareola,Tringa totanus, Vanellus
vanellus

Botaurus stellaris, Mergus albellus,
Podiceps cristatus, Podiceps grisegena,
Podiceps nigricollis, Tachybaptus
ruficollis

Philomachus pugnax, Tringa erythropus,
Tringa glareola, Tringa nebularia,
Tringa ochropus, Tringa totanus

macroinvertebrates (Coleoptera,
Odonata, Heteroptera)

Terrestrial plants, seeds, aquatic
macrophytes, fish, frogs,
crustaceans, snails, insects, worms

Zooplankton, nektonic and benthic
invertebrates stirred up from
the sediment

Terrestrial plants, seeds, aquatic
macrophytes, fish, frogs,
crustaceans, snails, shells, worms,
aquatic Heteroptera, Coleoptera,
Diptera (larvae and imago)

Fish, nektonic macroinvertebrates
(Coleoptera, Odonata, Heteroptera),
amphibians, leeches, snails

Aquatic Heteroptera, Coleoptera,
Diptera (larvae and imago), worms

times of the total 27 samplings. Other small-sized
species also reached such high relative abundance: the
most frequent species were four times two Pleuroxus
spp. (P. aduncus and truncatus) and once Chydorus
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sphaericus. In most cases, the bigger Cladocera and
Copepoda species were rare, sometimes individual
species could only be found as juvenile specimens.
This phenomenon was the most striking in the case of



Hydrobiologia (2012) 697:59-72 65
Area No. I, where B. longirostris was nearly always . B AreaNo.l [ AreaNo.ll [1 Area No. Il
the most abundant species (except for three samples), ""—m T
and its density was usually even higher than at the 2 10° :
other two areas. § 10° 1

The number of dominant species was different in E 10
the three locations: 6, 8 and 11 such species were 2 10%
found in Areas No. I, II and III, respectively. Bosmina _.:.’. 102
longirostris, Daphnia galeata and A. robustus were & 10
often dominant in all of the areas. The thermophilic &
Thermocyclops oithonoides also showed dominance in N (796\ (796\ ()96\ (796\ (796\ {,96\ ()90‘2’ (790‘?’ (190‘?’
Areas No. IT and III in summer, but in the first area, it Qro"" q/b ,bé\' & q/o‘b o ,\9'5' e bp"’

DN G S N R AN

could only reach lower relative abundance.

In addition, two adventive microcrustaceans, Pleu-
roxus denticulatus and Daphnia ambigua (Cladocera)
were also found, although only with low abundances.
The former species was found only in Area No. I in
May and August while the latter was present in Areas
No. II and III in May and June.

More than 90% of the total number of nektonic
macroinvertebrates belonged to the five groups of
Heteroptera (32.3%), Ephemeroptera (22.2%), Chiro-
nomidae (17.1%), Oligochaeta (8.4%) and Odonata
(10.4%). Among all species, Caenis robusta (Epheme-
roptera) had the highest abundance during the research
period. It was found at all 10 sampling sites and
constituted more than 15% of all nektonic macroin-
vertebrates. In addition, three Heteroptera species
(Sigara striata, Ilyocoris cimicoides, Micronecta
scholtzi), Stylaria lacustris (Oligochaeta), Ischnura
elegans (Odonata), Endochironomus albipennis
(Chironomidae) and another Ephemeroptera, Cloeon
dipterum were also very frequent (>3% of all spec-
imens). The latter species was common in 2007 but
could not be found in the area in 2008.

Many benthic macroinvertebrates were identified
only to genus or higher taxonomic level and therefore
they were grouped together in the higher categories.
Of these, 95% of the specimens were Chironomidae or
Oligochaeta.

Both cladoceran and copepod mean biomasses
differed significantly among the three areas in most
occasions (Fig. 2). Both had a summer peak in 2007
and in the case of Area No. II, an even higher
maximum in May 2008.

Benthic biomass was mainly composed of oligo-
chaetes and nematodes, with some chironomids.
Benthos samples were empty on many occasions,
and almost all the time at the offshore sites of 11/2, I1/3
and II1/4 (Fig. 3).

Fig. 2 Temporal and spatial variation of geometric mean dry
weight biomass (£1 SE) of microcrustacean zooplankton in the
three areas of the Nyirkai-Hany (years separated with dashed
line). The p values for each date are indicated on the top of the
figure (one-way ANOVA)

Nektonic invertebrate biomass varied greatly
among locations with different types of vegetation
(Fs43 = 10.54, P < 0.001). It was most abundant in
the shallow water areas dominated by Typha, Carex
and Phragmites species. It was least abundant at
offshore sites where submerged vegetation was scarce
or dominated by P. amphibium (Fig. 4). Total nektonic
biomass calculated did not differ significantly among
the three areas (one-way ANOVA, P = (0.48), but
tended to be lowest in Area No. I and greatest in Area
No. [T during the study. Biomass peaks of the dominant
invertebrate groups had different timings: the maxi-
mum numbers of Chironomidae, Heteroptera, Oligo-
chaeta and Gastropoda biomass occurred in spring, of
Odonata in mid-summer, of Coleoptera in autumn, and
of Ephemeroptera in early summer. Each group showed
a similar temporal pattern in the three areas.

Waterbird abundances

During the study, 53 waterbird species were recorded
in the wetlands (Table 1), with 37, 30 and 50 recorded
for Areas No. I, IT and III, respectively, the biggest
area not surprisingly having the most species.

The most abundant species were geese (Anser
albifrons, A. anser and A. fabalis), which made the
material transporter guild group the dominant one in
Nyirkai-Hany (Fig. 5). Anas species were also very
frequent, of which mallard (A. platyrhynchos) was by
far most abundant. Some piscivorous waterbirds also
were very abundant, e.g. Egretta alba, L. ridibundus
and Phalacrocorax carbo (Table 2).
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Nekton Benthos
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Fig. 5 The observed density of the two main guild groups in the
Nyirkai-Hany during invertebrate sampling (years separated
with dashed line). Bioturbing guild group is not included in the
figure as it was mainly absent from the area or negligible in
numbers (1-4 birds in the whole area at a time)

Invertebrate—waterbird correlations

The biomasses of the five most frequent macroinver-
tebrate groups (Heteroptera, Ephemeroptera, Chiro-
nomidae, Oligochaeta and Odonata), total nekton and
benthos biomass were used for correlation analysis
(Table 3) with the 10 most frequent waterbird species
that rely heavily on aquatic invertebrates for food.
Nine positive correlations were found. Two zooplank-
tivorous species occurred during our investigations in
the Nyirkai-Hany, shoveler (A. clypeata) and spotted
redshank (7Tringa erythropus), but the latter was
present only once. Shovelers showed some evidence
of a real correlation with Cladocera (P = 0.06) but
not with Copepoda (P = 0.43), or total zooplankton
biomass (P = 0.23).

In the case of the waterbird trophic guilds (exclud-
ing PDA, GIMP and CEIMT guilds), only one positive
significant correlation was found with the biomass of
the same macroinvertebrate groups. This was between
MDA guild density and odonate biomass (P = 0.047;
Fig. 6). The PDA guild, like its constituent species,
showed no significant correlation with zooplankton
biomass.

Discussion

The waterbird guild structure in the Nyirkai-Hany
was very similar to that in Hungarian oxbows, with
dominance of the material transporter birds and
scarcity of the bioturbing guild group (Andrikovics
et al., 2006). Four of the nine most frequent waterbird
species were piscivorous (E. alba, L. ridibundus,
P. carbo, Podiceps cristatus) and three were geese
(Anser species) that do not actually utilize aquatic
invertebrates as food. Six of our significant correla-
tions (Table 3) may reflect to potential trophic rela-
tionships: Odonata may be successfully utilized by
Fulica atra, Chironomidae by A. platyrhynchos,
A. crecca and Aythya nyroca, benthic oligochaetes
by A. crecca, and Ephemeroptera biomass by F. atra.

Geese, the most frequent group of waterbirds, were
more abundant in Areas No. I and III, which can be a
result of the larger percentage of open waters (>50%)
in these two areas compared to Area No. II (<30%).
The bioturbing guild group was the scarcest, which
may relate to the general scarcity of benthic inverte-
brates and mudflats in the Nyirkai-Hany. The PDA
guild was the second rarest guild during our studies.
Notably, the number of shovelers has been decreasing
since the creation of the area (Ferenczi et al., 2009).
This may relate to increased fish predation causing a
shift to dominance by zooplankters too small for
zooplanktivorous waterbirds. This may explain why
no significant correlation was found between micro-
crustaceans and this guild. A study conducted on
gravel pits in northeastern France found that shovelers
preferred pits where zooplankton consisted mainly of
large crustaceans (Mouronval et al., 2007).

The strong correlation between the MDA guild and
Odonata undoubtedly reflects a real trophic relation-
ship. This guild—despite its name—is also a strong
consumer of nekton and other macroinvertebrates
living among the macrophytes (Olah, 2003).
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Table 2 The most frequent 20 waterbird species and the total number of their observed individuals in the Nyirkai-Hany on each
week of the invertebrate samplings (within a ca. 2-day interval of the invertebrate sampling)

21.04.07 03.06.07 24.07.07 29.08.07 24.09.07 21.10.07 15.03.08 25.05.08
Anser anser 323 101 410 2,200 1,405 45 168 18
Anas platyrhynchos 67 8 757 330 740 390 313 15
Fulica atra 83 55 1,295 200 415 75 160 0
Anser albifrons 0 0 0 0 0 0 1,800 0
Anser fabalis 0 0 0 0 0 0 1,200 0
Larus ridibundus 570 0 101 40 18 0 368 0
Phalacrocorax carbo 9 250 130 112 201 146 140 0
Podiceps cristatus 28 42 92 12 30 22 14 11
Egretta alba 16 3 28 60 33 15 40 5
Chlidonias hybrida 0 0 80 23 0 0 0 2
Anas strepera 2 2 0 26 14 24 17 7
Cygnus olor 5 8 20 10 6 11 13 3
Ardea cinerea 11 3 9 0 22 14 8 4
Aythya ferina 2 1 4 10 0 0 44 6
Sterna hirundo 6 0 31 2 0 0 0 6
Aythya nyroca 7 0 6 20 2 0 4 5
Anas penelope 1 0 0 0 0 0 35 0
Anas crecca 0 0 0 0 0 0 29 0
Netta rufina 8 6 0 1 0 0 3 11
Tachybaptus ruficollis 5 0 9 5 0 0 0

We cannot compare the correlations between
waterbird trophic guilds and their food in the Nyir-
kai-Hany with other studies of reconstructed wetlands
as none have employed a guild approach to analysis
of relations. There are a few surveys on constructed
wetlands that concentrated on particular waterbird
species and their aquatic invertebrate prey, however.
Danell & Sjoberg (1982) found that the number of
mallards on a man-made Swedish lake declined in
years when chironomid biomass was lower and that
peak numbers of duck broods corresponded in time
with peak Chironomidae biomass. Poysa et al. (2000)
suggested that habitat selection and distribution of
mallards is highly influenced by the aquatic inverte-
brate food availability during the brood stage. Murkin
& Kadlec (1986) also found a correlation between
macroinvertebrate biomass and total number of ducks
during spring in the Delta Marsh, Manitoba, Canada.
Svingen & Anderson (1998) found that mallard and
gadwall (Anas strepera) brood and pair use of water-
bodies correlated with macroinvertebrate diversity.

The most striking result of the microcrustacean
sampling was the high abundance of small cladoceran
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species, such as B. longirostris (most abundant
crustacean in 48% of all samples), Pleuroxus spp.
(15%) and C. sphaericus (4%). As large cladocerans,
such as Daphnia spp. (and large predaceous copepods)
are more vulnerable to predation by planktivorous
fish, in the face of high fish abundance, small
zooplankton species become dominant and phyto-
plankton increases in abundance (Hrbacek et al., 1961;
Brooks & Dodson, 1965; Hurlbert et al.,, 1972;
Dodson, 1974a,b; de Bernardi et al., 1987). Such
phenomena undoubtedly occur in the Nyirkai-Hany
wetlands, with the added influence of high nutrient
levels in its inflow waters.

The occurrence of P. denticulatus and D. ambigua
was also noteworthy. These adventive cladocerans are
considered to have a North-American origin and seem
to disperse in Europe (e.g. Maier, 1996; Vranovsky &
Terek, 1996; Hebert et al., 2003). Although they
were only found in low abundance, their presence is
remarkable when considering that it is a newly
constructed wetland. Vranovsky & Terek (1996) and
Hudec & Illyova (2006) earlier noted these species to
be present, often together, in Central European aquatic
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Table 3 Pearson’s correlations (significant: bold, P < 0.05)
between the biomass of the most frequent five macroinverte-
brate groups, total nekton, total benthos and the 10 most

abundant invertebrate-eating waterbird species (log-trans-
formed average waterbird and invertebrate data for the three
areas, N = 27 = 9 dates x 3 areas)

Invertebrate taxon Bird species

anapla  egralb  fulatr anastr  ardcin  podcri  aytfer  anacre aytnyr  netruf

Odonata r 0.02 0.29 0.62 0.01 0.30 0.21 —-0.38 —0.63 —-0.05 —0.06
P 0.93 0.14  <0.01 0.97 0.13 0.29 0.05  <0.001 0.80 0.78

Nektonic Chironomidae  r -0.16 022 —0.17 0.08 0.11 0.37 0.30 0.10 0.45 0.14
P 0.43 0.26 0.41 0.69 0.60 0.06 0.13 0.63 0.08 0.47

Benthic Chironomidae r 0.37 026 —0.15 0.22 0.08 0.00 0.30 0.46 —0.07 —0.08
P 0.06 0.20 0.46 0.27 0.68 0.99 0.12 0.02 0.72 0.71

Total Chironomidae r 0.47 026 —0.13 0.30 0.13 0.01 0.30 0.33 0.11 —0.07
P 0.01 0.19 0.52 0.13 0.53 0.97 0.13 0.09 0.58 0.73

Heteroptera r -045 —0.39 0.00 —-021 —0.01 034 —0.13 —0.14 0.17 0.38
P 0.02 0.04 0.99 0.30 0.95 0.09 0.51 0.49 0.40 0.05

Ephemeroptera r -0.17  —0.17 038 —0.03 0.10 0.60 0.03 —-0.07 0.12 0.24
P 0.39 0.41 0.04 0.87 0.62 <0.01 0.90 0.72 0.56 0.22

Oligochaeta r 021 —0.04 —0.05 0.04 —0.13 0.21 0.25 0.47 0.15 0.35
P 0.29 0.85 0.81 0.83 0.52 0.29 0.22 0.01 0.46 0.07

Total nekton r —-030 —0.21 022 —-0.12 0.13 040 —0.15 —0.27 0.19 0.33
P 0.13 0.28 0.28 0.55 0.51 0.04 0.45 0.17 0.35 0.09

Total benthos r 0.35 0.08 —0.01 0.14 0.00 0.22 0.28 0.63 —0.01 0.09

P 0.07 0.69 0.96

0.50 0.99 0.27 0.15

<0.001 0.98 0.66

Abbreviations: Anas platyrhynchos—anapla, Egretta alba—egralb, Fulica atra—fulatr, Anas strepera—anastr, Ardea cinerea—
ardcin, Podiceps cristatus—podcri, Aythya ferina—aytfer, Anas crecca—anacre, Aythya nyroca—aytnyr, Netta rufina—netruf

habitats, perhaps a result of fish stocking programs.
The ecological implications of their arrival in Europe
is not clear.

The predation of fish may affect not only the
zooplankton, but also the macroinvertebrates. In
addition, fish can have a much stronger effect on
macroinvertebrate density and biomass than do water-
birds (Marklund et al., 2002). The scarcity and small
size of gastropods in the Nyirkai-Hany wetlands may
be a result of fish predation and potentially contributes
to increased algal abundance (Brown & DeVries,
1985; Martin et al., 1992; Bronmark, 1994; Perrow
et al., 2002).

The dominant waterbird trophic guild group in the
Nyirkai-Hany wetland was the GIMT guild, which,
together with the effects of fish, can also contribute to
the high productivity of the area by the guild’s high
nutrient input (Manny et al., 1994; Andrikovics et al.,
1997; Mukherjee & Borad, 2001; Ronicke et al.,
2008). The abundance of many piscivorous birds in
conjunction with the composition of the zooplankton

suggests high fish biomass in the Nyirkai-Hany.
Surveys of the fish populations would be useful for
better understanding of the ongoing changes in the
waterbird assemblage and of management options.
Wetland restoration can play an important part in
regaining the main functions or ‘ecosystem services’
of wetlands, although the structure and functioning of
restored wetlands often are different from the original
ones, especially in the case of projects aimed at
enhancing biodiversity (Zedler, 2003). In part this can
be due to governmental requirements, subjective
decisions or lack of clear goals, but it is also a natural
consequence of ecological succession (Zedler &
Weller, 1990; Gilbert & Anderson, 1998; Grayson
etal., 1999). In the early successional stages of created
wetlands, there can be large fluctuations in number of
species and individuals in these habitats (Zedler &
Weller, 1990). Jackson et al. (1995) suggest that for
achievement of high functioning of such wetlands,
10-50 years are needed. However, good results can
sometimes be observed in 1-10 years, as shown by our
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Fig. 6 Temporal patterns of the estimated Odonata biomass
and the density of macrophyte decomposition accelerating
(MDA) guild in the three parts of the Nyirkai-Hany (Pearson’s
correlation, using log-transformed biomass and guild data:
P =0.04,r=0.39, N =27 = 9 dates x 3 areas)

present survey. The Nyirkai-Hany wetland already
provides sufficient macroinvertebrate food supplies
for several waterbird species, especially members of
the MDA guild, whose numbers have increased only a
few years after creation of this wetland.
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