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Abstract. Wetlands are important ecosystems that provide valuable habitats for wildlife communities. We
investigated temporal changes of species composition as well as nested pattern of small mammal
assemblages in two disturbed marshlands within the biggest endangered wetland of Hungary. These two
marshlands are different in terms of the intensity of human interventions. There is little information about
nestedness on a long-term scale. The goal of this study is to assess whether perturbations affect small
mammal species composition in such way to promote nested pattern. A 12 year long period was divided into
five periods based on the anthropogenic interventions. During this long-term period sixteen species have
been recorded. The average species density was found to be 9.3/0.25 ha (SD: 1.87). Nestedness has been
observed throughout the total 12 year long monitoring period in case of both marshlands. Our results showed
that the human interventions altered the species composition as well as the community structure from period
to period. However, our results did not confirm the nested pattern during the perturbed periods. Species
which did not follow the nested pattern decreased the nestedness, and thus disassemble the assemblage. The
proportion of idiosyncratic species was low (on average 26.5%). From conservation perspective, it is
important to emphasize that human interventions can intensify the vulnerability of species and therefore,
they can lead to local extinction. We are convinced that a multiple-species conservation plan is necessary to
maintain the composition of small mammal assemblages on the examined marshlands. Our study has shown
that the two assemblages we examined are stable, however, this stability is fragile and it requires a special
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effort to maintain this stability.
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Introduction

Particularly diverse communities can be found in
wetland ecosystems (Gibbs 2000, Mitsch &
Gosselink 2000, Balcombe et al. 2005). Wetlands
are important habitats for small mammals (Kristo-
fik 2001, Michelat & Giraudoux 2006, Scott et al.
2008). The removal of vegetation (i.e. burning,
mowing) is an applied intervention in wetlands
which can rapidly change the habitats. Several
studies have investigated the effects of fire on
small mammal population dynamics; prescribed
fires in early spring can affect populations indi-
rectly by changing habitat quality (Kaufman et al.
1990). Fire can modify the composition and struc-
ture of small mammal assemblages as it can result
in population-level changes (Fox 1982, 1990; Whe-
lan 1995). On the other hand, mowing causes less
direct mortality compared to the effects of fire, be-
cause it eliminates the vegetation cover which
provides shelter from predators and limits the
amount of food (Lin & Batzli 2001). Therefore,
these alterations can modify species composition
and the stability of a given community.

An important goal of community ecology is to

describe and evaluate the structure (Gee & Giller
1987, Southwood 1996, Weiher & Keddy 1999)
and, the co-occurrence patterns of species (Gotelli
2000, Gotelli & McCabe 2002, Lehsten & Harmand
2006), as well as to explain the patterns of species
assemblages in different areas that are spatially
distinct but belong to the same regional species
pool (Moore & Swihart 2007). The nested pattern
has been given considerable attention by commu-
nity ecology from both theoretical and empirical
perspectives (Higgins et al. 2006, Wright & Reeves
1992), and are common for various taxa (Cook
1995, Calmé & Desrochers 1999). Therefore, it is
one of the most frequently discussed pattern
(Bloch et al. 2007, Ulrich et al. 2009). Nested pat-
terns are those in which the species composition of
small assemblages is a subset of the larger assem-
blages (Ulrich et al. 2009). Many factors like nested
pattern such as selective extinction, selective colo-
nization, habitat nestedness, and human distur-
bances can create nested pattern (Louzada et al.
2010, Gonzélez-Oreja et al. 2012, Wang et al. 2010,
Wang et al. 2013). Human disturbances can
change extinction and colonization rates which
promote nestedness (Gonzélez-Oreja et al. 2012).
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Nestedness is usually examined from a spatial
point of view. However, the investigation of
community pattern from a time perspective is also
relevant. Several studies have been conducted re-
cently that investigated temporal nestedness (Gon-
zélez & Oliva 2006, Bloch et al. 2007, Florencio et
al. 2011). However, nested pattern observed at a
single time may not necessarily characterize a sys-
tem in general. Therefore, especially in frequently
disturbed assemblages, presence or absence of
nestedness may also depend on the time passed
since a human disturbance has taken place (Bloch
et al. 2007, Morrison 2013). In the case of assem-
blages that are frequently disturbed it is unknown
how nestedness may change after the distur-
bances. Perturbations are proceeding at a rapid
pace, and the long-term effects of anthropogenic-
induced disturbances are not well investigated
(Bloch et al. 2007). Therefore, temporal investiga-
tion of nestedness is necessary and appropriate to
analyse long-term population data, especially
when the effects of perturbations made at different
times have to be evaluated from conservation bio-
logical aspects. Another important aim of nested-
ness analysis has always been to identify species
which do not follow the nested pattern. The find-
ings of nestedness analysis can be used for the
habitat management of vulnerable and/or endan-
gered species or an entire assemblage as well.

In our study, we investigated the temporal
changes in species composition and in the nested
pattern of small mammal assemblages in two per-
turbed marshlands. The two marshlands are dif-
ferent regarding the intensity of human interven-
tions, and in terms of their protection status. The
aims of this study are (i) to explore how anthropo-
genic disturbances affect species density and the
composition of small mammal assemblages, (ii) to
examine how nestedness varies in areas with dif-
ferent degree of human pressure, (iii) to examine
the temporal changes of nestedness in different
periods of time, and (iv) to evaluate the effect of
anthropogenic disturbances based on the conser-
vation scores of the identified small mammal as-
semblages.

Materials and methods

Studied area and sampling method

The small mammal monitoring was conducted on the Kis-
Balaton (46°45'N, 17°15'E) (Fig. 1). Kis-Balaton is one of
the endangered areas of Hungary, and it is the biggest
semi-natural wetland in the country (14,745 hectare). This
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wetland was drained in the 1920s. The Kis-Balaton, as a
Landscape Protection Area, has been protected by law
since 1976. It is a water conservation system which con-
siderably regulates the water quality of Lake Balaton
(Tatrai et al. 2000). Small mammals are monitored by
means of the biodiversity monitoring programme of Kis-
Balaton within the framework of Hungarian Biodiversity
Monitoring System (HBMS). An annual, live-trapping
monitoring was established in 1999 within the framework
of HBMS, and it has been providing data about small
mammal species since that time.

The 12 year long monitoring (1999-2010) was carried
out on two marshlands, (Balatoni-berek and Keleti-berek),
which are separated by a highway. Balatoni-berek (SP_B)
is located on the northern side of Road 76, while Keleti-
berek (SP_K) is on the southern side of the road (Fig. 1).
The latter is under the management of Balaton Uplands
National Park and it is also part of the Natura 2000 net-
work. Plot SP_B is a private property, and it is a drying
large sedge-meadow which shows a high diversity of
herbaceous plants. This is a degraded sedgy habitat
where we can find chee reedgrass (Calamagrostis epigeios)
in high density. Plot SP_K is characterized by homogene-
ous sedge beds with only a few discontinuous small reed
(Phragmites australis) patches. It is a low, partially double-
leveled reed-meadow where the dominant species of the
vegetation is lesser pond sedge (Carex acutiformis). Re-
cently, these areas have been altered as a result of anthro-
pogenic interventions (burning, mowing, and regulation
of water influx) and natural disturbances (unusually high
precipitations).

The total number of trapping occasions was 42,350
trapping nights. There was no human intrusion prior to
the monitoring. The 12-year-long period was divided into
five periods on the basis of the anthropogenic and natural
disturbances (Table 1). Mowing was conducted in sum-
mer (July) when the marshes dried out. There were two
kinds of mowing on the examined habitats: in one case
the whole area was mown, while in the other case there
took only sedge patches (0.5-2 hectare). This kind of man-
agement was also taken into account in the separation of
the periods (Table 1).

Within the framework of HBMS, a capture-mark-
recapture method was applied. However, in this study
we only used incidence matrices of the detected species.
Plastic box-type live-traps (75x95x180 mm), made by the
Department of Ecology, University of Pécs, were used for
small mammal trapping. The traps work with a trigger
platform, sensitive to weight, causing the door to close
when the individuals run into the trap. The lightest aver-
age weight was 4.71 g (SD = 1.57 g), which belongs to
subadult Sorex minutus, and the heaviest was 44.92 g (SD
= 14.39 g) which belongs to adult Arvicola amphibius. We
worked with the same 11x11 grid on both of the marsh-
lands. The traps were located 5 meters far from each other.
The trapping technique was the same: there were 7 sam-
pling occasions (month) with five trapping-nights in each
period (from March to September). Therefore, the sam-
pling effort was equal in all cases. Traps were baited with
bacon, cereals, and aniseed extract. Captured ani-
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Table 1. The periods and the treatments of the examined
12 years. (1- remained rescue patches; 2- total area; -: no
disturbance; SP_B: privately owned sampling area;
SP_K: under management of Balaton Uplands National
Park)

Periods Sampling plots
SP_B SP_K
L. (1999-2000) - -
II. (2001-2003) mowing! mowing!
burning?
111 (2004-2006) - -
IV. (2007-2008) mowing! -
V. (2009-2010) mowing? -
flood flood

mals were tattoo-marked individually.

Statistical methods
We used the term “species density” (Gotelli & Colwell
2001) which means the number of species per unit area (in
this study 0.25 hectare). Based on presence-absence data,
we counted the species density (Sspecies) for each of the 5
periods in the case of both marshlands. To achieve our
objective (i), ANOVA and linear regressions were used in
order to compare the species densities of the two marsh-
lands and to evaluate the effect of anthropogenic distur-
bances. We also calculated the relative frequencies of the
species in order to compare the species composition of the
marshlands. Species with higher than 30 % relative fre-
quency were considered as character species.

For the evaluation of species composition (objective
(i)) we used SDRSimplex method (Podani & Schmera

Species replacement (R)

2min{b,c}/n
Beta diversity Richness agreement
(b+o)n < (n-|b-c|)/n
Randq?n
- .
Richness difference (D)~ \\‘Similarity )
|b-c|/n Nestedness a/n

(a+|b-c|)/n if a>0

Figure 2. Terminology and equations of SDRSimplex
method (adapted from: Podani and Schmera 2011).

2011), which has been developed to evaluate species
composition by using three parameters of community
ecology: shared species or similarity (S), difference in spe-
cies richness (D - hereafter refers to difference in species
density) and species replacement (R). This method uses
incidence matrices and also calculates three additional
complementary indices that measure nestedness, beta-
diversity, and species agreement for all pairs of areas. Fig.
2 indicates the terminology and the equations (Fig. 2). In
Fig. 2, a represents the number of species that are present
on both areas, b is the number of species present on the
first area only, while ¢ denotes the number of species pre-
sent only on the other area. Thus, n=a+b+c, which is the
number of species present on both areas compared.
Temporal nestedness analysis was used to reveal the
effect of perturbation. The two marshlands differs in
terms of the intensity of human interventions therefore it
is appropriate to test that how perturbation influences the



186

degree of nestedness over time. To compare nestedness of
the two marshlands and that of the consecutive periods
(objective number (ii) and (iii)), we use NODF method
(Nestedness metric based on Overlap and Decreasing Fill,
Almeida-Neto et al. 2008), which has been developed re-
cently, and it is based on the difference between rows
(species) and columns (sites) and the paired matches of
species occurrences (Almeida-Neto et al. 2008, Hu et al.
2011). NODF has better statistical properties and it is less
affected by the size of the incidence matrix than other
nestedness metrics (Almeida-Neto et al. 2008). Therefore,
NODF software (Almeida-Neto & Ulrich 2011) was ap-
plied to calculate the degree of nestedness, which is rang-
ing from 0 (non-nested) to 100 (perfectly nested). This
software generates Z-transformed scores which are inde-
pendent of the size, shape and filling of the observed ma-
trix. For the statistical evaluation of SDR and NODF
methods, “SIM2” null model was applied, that was sug-
gested by Gotelli (2000). SIM2 maintains the observed
row totals (species occurrence frequencies), and columns
are treated as equiprobable. Biologically, this means that
from the species perspective, all of the sites (in this study
the sampling occasions) are equally likely to be success-
fully colonized by the species. This model has a low
probability of Type I errors and it seems the most appro-
priate for analyzing standardized samples (sample lists)
that have been collected in areas of homogenous habitat
(Gotelli, 2000). We followed Gotelli’s (2000) suggestion.
Therefore, we randomized the observed data matrix a
1000 times and then we calculated the SDR and the
NODF scores for each randomly generated matrix. In case
of the SDR method, we calculated the tail probabilities
from the cumulative frequency of random matrices < or >
Xobs, where Xobs represents the SDR values of the observed
matrix. We accept the null hypothesis if 0.05 < P < 0.95,
and reject it if P exceeds these bounds (Gotelli, 2000).
Every statistical calculation was performed in R statistical
environment (R Development Core Team 2011).

The analysis of SDR and nestedness (objective (ii)
and (iii)) were applied to the entire 12 year long monitor-
ing data set as well as to the separate periods. SDR
method was also used to assess the presumed changes in
the community composition between the consecutive pe-
riods (objective (i)). In order to do so, detection/non-
detection data of the consecutive periods were combined
(in the text, these data sets are indicated with “-” for-
mula), and thus we compared every sampling occasion of
a given period to the subsequent period’s sampling occa-
sion.

For the conservation assessment (objective (iv)), the
study of Baldi et al. (2001) was used which is based on the
nature conservation ranking system of species of Millsap
et al. (1990). Baldi et al. (2001) modified and applied this
ranking system to vertebrate taxa in Hungary (except
fishes) and thus, each species was given a conservation
score. Based on the detected small mammal assemblages
we summarized the scores of the different periods, and
we assessed the assemblages of both areas. ANOVA and
linear regressions were used to compare the two exam-
ined areas and to evaluate the effect of anthropogenic dis-
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turbances.

Results

Based on the presence-absence data 16 small
mammal species were detected. Seven legally pro-
tected species were recorded on both examined
marshlands. Five of them belong to Soricidae (Sorex
araneus, S. minutus, Neomys anomalus, N. fodiens,
Crocidura leucodon) and one belongs to the Criceti-
dae (Microtus agrestis) families. The critically en-
dangered subspecies, the Mehelyi’s root vole (Mi-
crotus oeconomus mehelyi) has been also captured.
Four species have been detected on both sampling
areas in each of the five periods (S. araneus, M.
agrestis, Apodemus agrarius, Micromys minutus).
Summarizing our data, 15 species were captured
on both marshlands during the 12 years. Microtus
subterraneus occurred only on the northern (SP_B),
while M. arvalis exclusively on the southern area
(SP_K). The highest species densities were discov-
ered in the first period on the SP_B and in the fifth
period on the southern area (SP_K) (Table 2). The
species densities were not different between the
two marshlands (Fis = 6.18e-30, p = 0.98). Mean-
while, the mean species density was lower (Fis =
6.089, p = 0.038) when the anthropogenic distur-
bances were active (B = -1.916, SE = 0.776, p =
0.036) compared to other periods (f = 10.166, SE =
0.491, p < 0.001).

Based on detection/non-detection, S. araneus,
A. agrarius, M. agrestis, M. minutus and M. oecono-
mus mehelyi were characteristic species, and were
found in higher than 30% relative frequency on
both areas (Fig. 3). Species with lower than 10%
relative frequency were considered as rare species
(i. e. N. fodiens, N. anomalus, A. amphibius, M.
spicilegus) (Fig. 3).

Based on the 12 year long monitoring data,
SDR analysis of SP_B showed that the observed
incidence matrix has no dominant data structure
(Fig. 4). The SIM2 randomization test revealed that
the observed matrix has significantly higher num-
ber of shared species (S = 0.335) and a bigger dif-
ference in species density (D = 0.361) than in the
case of random matrices (Saverage = 0.279, p = 0.001;
Daverage = 0.245, p = 0.001). The species replacement
was lower (R = 0.304) than it was expected (Raverage
= 0.476; p = 0.001). The pattern of the first period
was characterized by similarity (S) and difference
in species density (D). These parameters did not
differ from the random distribution (Table 3). In
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Table 2. Presence-absence data of the captured species and the species densities on the two examined
marshlands based on the separated periods. (+ presence; - absence; SP_B: privately owned sampling
area; SP_K: under management of Balaton Uplands National Park; Roman numbers are the separated

periods)

Sampling area (periods) SP_B SP_K

/species L. 1L . Iv. V. L. 1L . Iv. V.
Sorex araneus + + + + + + + + + +
Sorex minutus + + + - - + - + -
Neomys anomalus + _ - - + _ + _ _
Neomys fodiens + - - - - + - - - -
Crocidura leucodon - + + - - - + + _ +
Clethrionomyss glareolus + - + - - + - - - +
Microtus agrestis + + + + + + + + + +
Microtus arvalis - - - - - - + + + _
Microtus oeconomus mehelyi + + - + + + + - + +
Microtus subterraneus + + - - - - - - -
Arvicola amphibius - - - + + - - - - +
Apodemus agrarius + + + + + + + + + +
Apodemus flavicollis + + + + + - - + + +
Apodemus sylvaticus + + + + - - + + + +
Micromys minutus + + + + + + + + + +
Mus spicilegus - + - - - - - _ +
Species density (Sspecies) 12 10 10 8 7 9 8 10 9 11

relative frequency
9 01020304 050607080910
Sorex araneus |

Sorex minutus
Neomys anomalus
Neomys fodiens
Crocidura leucodon

Clethrionomys glareolus

Microtus agrestis

Microtus arvalis

Microtus oeconomus mehelyi
Microtus subterraneus

Arvicola amphibius

Apodemus agrarius Figure 3. Relative frequencies of the

Apodemus flavicollis detected species counted separately

Apodemus sylvaticus for the two study sites. (SP_B:

Micromys minutus privately owned sampling area; SP_K:

Mus spicilegus under management of Balaton
OSP. B ESP K Uplands National Park)

Figure 4. Analysis of 12-year-long detection/non-
detection data using the SDRSimplex approach (the
axes are the same as in Fig. 1). (R: species
replacement; S: similarity; D: richness difference;
SP_B: privately owned sampling area; SP_K: under
management of Balaton Uplands National Park)
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Table 3. The calculated SDR parameters for each period, and the average values of the SIM2 null model with the corre-
sponding p values. (Numbers in the parenthesis are the average SDR values of SIM2 null model and the corresponding
p values; SP_B: privately owned sampling area; SP_K: under management of Balaton Uplands National Park)

. SP_B SP_K

Period/ Area S b R 3 5 R

Period I 0.610 0.250 0.140 0.585 0.229 0.186
(0.601, p=0.079) (0.171, p=0.12) (0.228, p=0.038) (0.592, p=0.328) (0.191, p=0.715) (0.217, p=0.273)

Period 1 0.518 0.289 0.193 0.458 0.395 0.147
(0.531, p=0.024) (0.203, p=0.099) (0.266, p=0.189) (0.426, p=0.36) (0.306, p=0.034) (0.268, p=0.923)

Period 111 0.298 0.428 0.274 0.448 0.234 0.318
(0.301, p=0.067) (0.412, p=0.101) (0.287, p=0.230) (0.450, p=0.071) (0.219, p=0.068) (0.331, p=0.077)

Period IV 0.378 0.456 0.166 0.551 0.317 0.132
(0.396, p=0.049) (0.261, p=0.013) (0.343, p=0.009) (0.565, p=0.018)  (0.199, 0.024)  (0.236, p=0.033)

Period V 0.318 0.327 0.355 0.475 0.350 0.175

(0337, p=0.032) (0.298, p=0.342) (0.365, p=0.087) (0.500, p=0.001) (0.206, p=0.011) (0.294, p=0.022)

contrast, the replacement (R) was significantly
lower than it had been expected by chance. In the
second period, similarity was the main feature of
the small mammal assemblage. However, differ-
ence in species density (D) and species replace-
ment (R) were similar to the constructed matrices’
values (Table 3). During the third period, the dif-
ference in species density (D) was higher com-
pared to that of the previous period. In this period,
the randomization test was not different from the
random distribution (Table 3). In case of the fourth
period, the differences in species density (D) and
similarity (S) were dominant. The similarity was
lower and the other parameter was higher (Table
3). The species replacement (R) was higher than
the expected. The S-D-R values of the fifth period
were almost identical, only the similarity value (S)
was significantly lower than the randomized value
(Table 3).

SDR analysis of SP_K showed that the ob-
served incidence matrix has no dominant data
structure based on the long-term dataset (Fig. 4).
The randomization test showed that the observed
matrix has significantly higher number of shared
species (S = 0.424) and a bigger difference in spe-
cies density (D = 0.348) than the random matrices
(Saverage = 0.408, p = 0.001; Daverage = 0.230, p = 0.002).
The species replacement was lower (R = 0.228)
than it had been expected by chance (Raverage =
0.362, p = 0.001). In the first period, the number of
shared species (S) was relatively high on the SP_K
area (Table 3). The differences in the number of
species (D) and in species replacement (R) were
slight. There were no deviations from the null
model (Table 3). In the second period the differ-
ence in species density (D) was higher compared
to that of the preceding period, and it differed
from what had been expected by chance. The

other two parameters (S and R) were in line with
the expectations rising from the random distribu-
tion (Table 3). In the third period similarity (S) was
relatively close to that of the preceding period and
it was almost identical with the mean of the null
model. The differences in species density (D) and
species replacement (R) did not differ from the
random matrices’ average values experienced ei-
ther (Table 3). In the fourth period, each parameter
was significantly different from the null model.
Similarity and species replacement were lower,
while the difference in species density was higher
than it had been expected by chance (Table 3). In
the last period, similarity (S) and difference in spe-
cies density (D) were dominant. All parameters
differed from the random matrices’ values the
same way as they did in the previous period (Ta-
ble 3).

On the SP_B sampling area similarity (S) and
species replacement (R) were similar, while the
difference in species density (D) was lower in the
data set of I-II periods (Table 4). Only similarity
differed from the random distribution. In the II-III
periods, the difference in species density was the
highest, while the similarity and the species re-
placement were nearly identical. The latter one
did not differ significantly from the values of the
randomly generated matrices” (Table 4). Similarity
and species replacement were lower than it had
been expected by chance in the III-IV periods. Dif-
ference in species density (D) was the dominant
parameter and it was statistically higher than the
randomly generated value (Table 4). In the IV-V
periods, similarity (S) was higher than in the pre-
vious III-IV period but it did not differ from what
had been expected by chance. In the IV-V periods,
the species density decreased and it was signifi-
cantly different from the random distribution (Ta-
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Table 4. The calculated SDR parameters for each combined period, and the average values of the SIM2 null model
with the corresponding p values. (Numbers in the parenthesis are the average SDR values of SIM2 null model and
the corresponding p values; SP_B: privately owned sampling area; SP_K: under management of Balaton Uplands Na-

tional Park)

Period/ Area SP_B SPK
S D R S D R
Period LIT 0.434 0.336 0.230 0.341 0.500 0.159
(0.464, p=0.001) (0.300, p=0.067) (0.236, p=0.099) (0.426, p=0.001) (0.253, p=0.001) (0.322, p=0.002)
Period ILIIT 0.296 0.411 0.294 0.348 0.473 0.179
(0.371, p=0.001) (0.254, p=0.004) (0.375, p=0.145) (0.394, p=0.009) (0.262, p=0.001) (0.344, p=0.002)
Period IILIV 0.270 0.468 0.262 0.463 0.246 0.291
(0.334, p=0.004) (0.280, p=0.001) (0.386, p=0.015) (0.486, p=0.234) (0.215, p=0.329) (0.299, p=0.078)
Period IV:V 0.350 0.362 0.287 0.518 0.330 0.152

(0.359, p=0.075) (0.264, p=0.046)

(0377, p=0.044)

(0.540, p=0.046) (0.202, p=0.002) (0.258, p=0.003)

ble 4). Species replacement also differed from the
random value and it was similar to that of the pre-
ceding period.

On the SP_K difference in species density (D)
and similarity (S) were dominant in the I-II and in
the II-III periods. Species replacements were low
in both combined periods (Table 4). The observed
differences in species densities were higher than it
had been expected by chance in case of the first
two joint periods. The other two parameters were
significantly lower than the observed scores of I-II
and II-1II periods (Table 4). In the periods of III-IV,
the similarity had the highest score. However, it
was not statistically different from the random
distribution. The difference in species density de-
creased in the III-IV combined periods and it did
not differ from the randomly generated value (Ta-
ble 4). The third parameter (R) was higher than in
the previous combined periods but it was not sig-
nificantly different from what had been expected
from one expected by the random distribution. In
the last two combined periods (IV-V) the similar-
ity (R) and the difference in species density (D)
were higher than in the preceding combined peri-
ods and statistically differed from the expected
scores (Table 4). The species replacement was
lower (R) than in the III-IV periods and it differed
from the random distribution.

Significant nestedness has been shown by
NODF for the entire monitoring period on both
examined marshlands (Table 5). NODF confirmed
the existence of nestedness in the first period on
both areas. In the second period, when both areas
were affected by human intervention, we did not
get any proof of the nested pattern of the small
mammal assemblages. In the third period, the cal-
culated NODF value of SP_K was higher than the
value of SP_B, however, none of them were sig-

nificantly different than it had been expected by
chance (Table 5). In the consecutive period, when
there was no human intervention, the NODF
showed significant nested pattern on the SP_K
area. In contrast, the NODF metric did not confirm
the existence of nestedness on the other marsh-
land. In the last period, where flood as a natural
disturbance also occurred on both of the areas,
nested pattern was only statistically proven in the
SP_K (Table 5). NODF identified 5 and 3 small
mammals as idiosyncratic species on SP_B and
SP_K, respectively. In the SP_B there were two
character (M. agrestis, M. minutus) and one rare
species (N. fodiens), while on the southern habitat
(SP_K) also two character species (M. agrestis and
M. minutus) appeared as idiosyncratic species.

In the first period the small mammal assem-
blage on the SP_B received the highest conserva-
tion score, while in the fifth period, the small
mammal assemblage on the SP_K reached the
highest score (Fig. 5). Total score of the first and
second periods was higher on the northern area
(SP_B) than on the southern one (SP_K). However,
conservation scores were equal during the third
and fourth periods. On the SP_B, the scores have
decreased from period to period (Fig. 5). Conser-
vation scores of the first and third periods were
higher than in the second period on the area man-
aged by the national park (SP_K). Conservation
score of the third period was nearly equal to that
of the fourth period. In the fifth period water-
tolerant species appeared (A. amphibius) due to the
unusually wet weather, while at the beginning of
the period drought-tolerant small mammals were
still present on the Natura 2000 marshland (SP_K).
In this period lower species density was recorded
on the northern area (SP_B), which was the result
of anthropogenic intervention (i. e. mowing).
Therefore, the continuous perturbation led to the
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Table 5. Results of NODF counted for the examined marshlands. The simulated values by SIM2 and the
standard deviations are in the brackets. (Numbers in the parenthesis are the average NODF scores of
SIM2 null model with the standard deviation (SD), and the corresponding p values; SP_B: privately
owned sampling area; SP_K: under management of Balaton Uplands National Park)
Period/ Sampling area SP_B SP_K
L 78.71 (68.57 SD: 3.99; p = 0.005) 71.39 (52.64 SD: 4.94; p = 0.380)
IL 64.02 (59.24 SD: 5.48; p = 0.191) 57.14 (51.44 SD: 7.96; p = 0.237)
11 52.12 (45.12 SD: 5.95; p = 0.119) 69.76 (62.49 SD: 5.01; p = 0.256)
v. 63.78 (58.99 SD: 7.03 p = 0.247 85.65 (73.53 SD: 6.67; p = 0.034)
V. 52.41 (49.86 SD: 5.70; p = 0.326) 75.19 (66.36 SD: 4.96; p = 0.041)
Total 57.06 (50.91 SD: 2.85; p = 0.015) 66.54 (56.46 SD: 3.09; p < 0.001)
700
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2 500
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lowest conservation score of the small mammal
assemblage. However, this was not confirmed by
the linear regression, since the conservation values
of the marshlands did not differ (Fis = 0.007, p =
0.93 It has to be noted that the anthropogenic dis-
turbances had a negative effect (3 = -76.42, SE =
38.08, p = 0.08), even though it was not statistically
proven (Fis = 0.402, p = 0.54).

Discussion

We investigated temporal changes of species den-
sity and composition as well as nested pattern of
small mammal assemblages in the biggest semi-
natural wetland of Hungary. During the 12 year-
long monitoring period sixteen small mammal
species have been recorded. Small mammal stud-
ies performed in Slovakia have reported similar
species richness in reed stand (Kristofik 2001).
There were 15 small mammal species found on
both marshlands during the 12 years. Several
studies have shown smaller species density in wet
habitats (e.g. Francl et al. 2004, Michelat & Girau-

doux 2006, Scott et al. 2008). A Lithuanian case
study has recorded a total of 13 species in 13 dif-
ferent habitat types (Alejanas & Stirké 2010). This
species density value was close to the one docu-
mented by us. Taking the separate periods into
consideration the average species density was
found to be 9.3/0.25ha (SD: 1.87) in our study,
which is similar to the species density recorded on
the wetland habitats mentioned above. The com-
position of small mammals differed between the
separate periods. The unexpected presence of
Clethrionomys glareolus, A. flavicollis, and A. sylvati-
cus increased the species density of the marsh-
lands. The appearance of common vole (M. arvalis)
and the European pine vole (M. subterraneus) was
probably caused by perturbations. The appearance
of Neomys species and water vole (A. amphibius)
indicated the increased ground-water level of the
marshes. Four species, S. araneus, M. agrestis, A.
agrarius, and M. minutus, were present on both ar-
eas in each period, and these four species had the
highest relative frequencies. Root vole, as a habitat
specialist species (Tast 1966), also had a high rela-
tive frequency. Nevertheless, in wetland habitats
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where root voles occur, several studies high-
lighted the dominance of this species in most
small mammal communities (e.g. Gliwicz & Dab-
rowski 2008, Czajkowska et al. 2010, Zub et al.
2012).

Nestedness is one of the most frequently dis-
cussed pattern of ecological communities (Bloch et
al. 2007, Ulrich et al. 2009), and are common for
various taxa (Cook 1995, Calmé & Desrochers
1999). Traditionally, nestedness has been viewed
on a spatial-scale (Wright & Reeves 1992). How-
ever, there is a little information about the tempo-
rality of nested patterns (Bloch et al. 2007, Se-
bastidn-Gonzélez et al. 2009, Florencio et al. 2011).
Therefore, temporal analysis is also relevant at dif-
ferent timescales (Patterson 1990), especially in re-
gards of conservation policies (Béldi 2003). Several
studies have reported nested pattern in case of
small mammals, however, these types of re-
searches were conducted on forest or desert land-
scapes (e.g. Viveiros de Castro & Fernandez 2004,
Anderson et al. 2012, Menezes & Fernandez 2013,
Rodriguez & Ojeda 2013). In contrast, there is
hardly any data related to nestedness analysis of
small mammal assemblages in wetland land-
scapes. Our study is one of the firsts that investi-
gate small mammal assemblages of wetlands on a
temporal scale, which may provide an important
and useful basis for conservation management.

Many factors can cause a nested pattern, such
as selective extinction, selective colonization, habi-
tat nestedness, passive sampling and human dis-
turbances (Wright & Reeves 1992, Louzada et al.
2010, Gonzalez-Oreja et al. 2012, Wang et al. 2010,
Wang et al. 2013) Human disturbances may
change extinction and colonization rates which
may promote nestedness (Lomolino & Perault
2000, Gonzélez-Oreja et al. 2012). In this study,
mowing and prescribed fire appeared as human
disturbances and they were applied as habitat
management techniques, which are widely used in
case of wetlands (Clark & Wilson 2001). Our re-
sults showed that these interventions altered the
species composition as well as the community
structure from period to period. It is important to
emphasize that after the first period we only
found again a nested pattern in the last period on
the less disturbed marshland. Gonzalez-Oreja et
al. (2012) has reported that human disturbances
can promote nestedness. However, our results
showed right the opposite, since we did not ob-
serve any nested pattern during the perturbed pe-
riods. In contrast, based on the 12- year- long data
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set, we observed nested pattern of small mammal
assemblages on both areas in the less perturbed
periods. This result suggests that small mammal
assemblages are stable on a long-term scale, al-
though this balance can be easily upset, and as a
consequence of disturbances, species may go lo-
cally extinct.

There are some species which do not follow
the nested pattern and they are called idiosyn-
cratic species. NODF has the ability to identify
these species, which are increasingly likely to be
present in locations of higher species richness
(Atmar and Patterson 1993, Fleishman et al. 2007).
The identification of these species has an impor-
tant role in biodiversity conservation (Sebastian-
Gonzalez et al. 2010). Moreover, the proportion of
idiosyncratic species (on average 26.5%) was simi-
lar in the findings of other studies with vertebrates
ranging from 13% to 40% of idiosyncratic species
(Sebastidn-Gonzélez et al. 2010).

Conservation assessment and implications

Species density and conservation values of the
small mammal assemblages decreased from pe-
riod to period on the continuously mown area. In
spite of this, the presence of the strictly protected,
relict Mehelyi’s root vole has been noticed in the
last period on both areas, which result is consid-
ered to be particularly important from conserva-
tion aspects. Similar conservation value character-
ized the first four periods on the southern habitat
(SP_K), while the highest score and number of
species have been detected in the fifth period. In
this period, drought-tolerant (C. leucodon) and wa-
ter-associated species (A. amphibius) have also
been found which indicates that rapid changes in
climatic conditions have an effect on the composi-
tion of small mammals. Weather-related alteration
of habitat use is already studied and well-known
(Vickery & Rivest 1992).

Species with the three highest conservation
scores (M. oeconomus mehelyi, N. fodiens, and N.
anomalus) played a decisive role in the rising of the
conservation scores of small mammal assem-
blages. Schneider (2010) has reported that water-
associated Neomys species are not potential indica-
tors of habitat conditions. Although according to
Spitzenberger (1990, 1999), water shrews need
structural diversity and an appropriate quality
and quantity in prey base, the latter can indicate
the low level of pollution in a given habitat. More-
over, Crocidura species are appropriate indicators
of a drier period, after disturbances affecting dry
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habitats because their appearance demonstrate a
given stage of succession after the recovery of the
communities (Haim et al. 1997). The conservation
action plan of Mehelyi’s root vole was prepared in
2005 (Horvéth & Gubanyi 2005). However, many
other small mammal species (e.g. shrews) would
also require active conservation efforts. According
to IUCN, N. fodiens and N. anomalus are assumed
to be declining as a result of the loss and deteriora-
tion of their wetland habitats (IUCN 2012). This
assumption has been confirmed by our results as
well; only the area owned by the national park
(thus only the area benefitting an active habitat
enhancement) was re-colonized by these species.
M. spicilegus mainly occurs in agricultural areas,
however, immigrant individuals were observed
due to the drying out of the marshlands, which
indicated the declining conditions of the wetland.
In Europe, the invasive Solidago gigantea is able
to spread in drier and moister environmental con-
ditions (Jakobs et al. 2004) which reduces the size
of the optimal habitat-patches for the species of
(e.g. Mehelyi’s root vole,
shrews, field vole). The important elements of our
suggested habitat management are to suppress the
spread of invasive Solidago gigantea and to stop the
winter mowing. Applying a subsequent water re-
supply to these areas, may enhance the success
rate of this strategy. Furthermore, it has to be sup-
plemented with the establishment of an appropri-
ate water governance system, adjusted to the
changes of weather conditions. Based on our find-
ings, we suggest a multiple-species conservation
plan to maintain the composition of small mam-
mal assemblages characterizing the examined ar-
eas. Moreover, the strictly protected subspecies,
M. oeconomus mehelyi along with other water-
associated species (Neomys) should be given prior-
ity in conservation management. As a result, the
long-term stability of small mammal assemblages
and the protection of habitats can be provided.

marshlands water
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