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Abstract

Soil waterlogging is among abiotic stresses that influence species composition and productivity in numerous plant com-
munities. The aim of the study was to find answer to the question of how waterlogging caused by beavers’ activity induces
quantitative and qualitative changes of vegetation and soil seed bank levels of variable-moist meadows.

An immediate effect of the waterlogging at the level of vegetation was the decline in species richness and a decrease in
the values of the biodiversity index. Water stress inhibited growth and development of plants already present and, primarily,
impeded recruitment of new individuals of species characteristic of variable-moist meadows, e.g. Cirsium rivulare, Fili-
pendula ulmaria and Lythrum salicaria, which were replaced by Carex acutiformis. Prolonged waterlogging did not induce
equally substantial changes in the soil seed bank as in the vegetation. Both in the waterlogged and control patches, slightly
decreased species richness and biodiversity index were recorded. After waterlogging withdrawal, the reserves of the soil
seed bank were slightly higher than the initial values. The differences were not statistically significant.

In the waterlogged patch, the qualitative floristic similarity between taxa identified in the soil seed bank and vegetation
cover declined, which was evidenced by the value of Jaccard’s index decreasing from 0.46 to 0.36. A reverse relationship

was found in control patch, where the value of the similarity index slightly increased from 0.41 to 0.48.
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Introduction

Changes in habitat moisture are one of the key factors
affecting the variability of plant communities and their
constituent species populations. Both excess and deficiency
of water in the substrate may be a potential stress factor [1].
Given the most common effects of anthropogenic transfor-
mation of wet habitats, a substantial number of publications
are focused on the impact of desiccation on changes occur-
ring at the level of vegetation, population, and soil seed bank
[2-5]. Seasonal floods and prolonged waterlogging caused
by stagnation of water in the catchment area are equally
important factors exerting a considerable effect on species
dynamics and vegetation of hydrogenic areas [6-9].

Waterlogging during the vegetation season limits plant
growth by among others, causing damage to the assimilation
organs associated with accumulation of toxic products of
anaerobic respiration [10,11]. Changes in light intensity or
soil properties may result in a population decline caused
by death of water stress-exposed individuals and/or in
modification of selected characteristics of their life history
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by reduction of biomass or changing the pattern of biomass
allocation as well as decreasing vegetative and/or generative
propagation [12-18]. Seed bank reserves in the soil have
a fundamental role in maintenance of plant communities
under long-term stress caused by waterlogging. The ability
of seeds of individual taxa to maintain viability in waterlog-
ging conditions and develop a persistent seed bank increases
the chance for limiting the adverse effects of waterlogging
at the population and phytocoenosis levels [19-21]. The
dynamic character of flood-meadows is reflected by a large
proportion of species with a strong tendency to accumulate
seeds in the soil relative to their importance in vegetation
[22]. The similarity between aboveground vegetation and
the soil seed bank is expected to decrease with increasing
community stability and stress, due to a lack of disturbances
creating sites for germination from the seed bank and
higher investment in clonal instead of sexual reproduction
in stressful conditions [23].

Sudden changes in the water level within the floodplain
of river valleys are repeatedly caused by the activity of the
European beaver Castor fiber. Lodges and dams built by
beavers impede water flow from catchments, which causes
local flooding of neighboring areas [24,25]. The presence
of beaver ponds reduces the velocity of water runoft and
contributes to diminish the erosion processes and increased

This is an Open Access article distributed under the terms of the Creative Commons Attribution 3.0 License (creativecommons.org/licenses/by/3.0/), which permits 189
redistribution, commercial and non-commercial, provided that the article is properly cited. © The Author(s) 2015 Published by Polish Botanical Society


http://creativecommons.org/licenses/by/3.0/
mailto:mpelc4%40wp.pl?subject=asbp.2015.018
http://dx.doi.org/10.5586/asbp.2015.018

Franczak and Czarnecka / Changes in vegetation and seed bank after waterlogging

sediment deposition. The effect of beaver dams on stream
flow will vary according to their location in the catchment.
In narrow upland valleys, beaver ponds are generally small,
whereas in floodplain areas, even a low dam can flood a
relatively large surface area [26,27].

The C. fiber is regarded as a model of “environmental
engineer’, an organism that directly or indirectly modulates
the availability of resources to other species by causing
physical changes in biotic and abiotic matter. Beavers create,
modify, or maintain existing habitats and affect energy and
matter flows in ecosystems by creating or destroying living
space and thereby altering environments of other organisms
[28-31]. They increase heterogeneity and habitat and spe-
cies diversity at the landscape scale. This species probably
plays a key role in ecosystem processes, because its forag-
ing has a considerable impact on the course of succession,
species composition, and structure of plant communities.
Beavers are among the few species besides humans that can
significantly change the geomorphology and, consequently,
the hydrological characteristics and biotic properties of the
landscape [25].

The aim of the study was to find answers to the questions
of (i) how waterlogging caused by beavers’ activity induces
quantitative and qualitative changes of vegetation and soil
seed bank levels of variable-moist meadows; (if) how does the
similarity between the floristic composition of the analyzed
vegetation patches and the soil seed bank form before and
after waterlogging?

Material and methods

Study area

The research was carried out in the Szum River valley in
the Roztocze Highland region, SE Poland (Fig. 1). The Szum
River is a 24-km-long stream with a ca. 84-km? catchment
area and flows verging from 401 to 615 dm’ s™'. The Szum
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Fig. 1 Situation of the study area in the Szum River valley; A,
B - study patches (Czarnecka [34], slightly changed).

River valley is characterized by high phytocoenotic and
floristic diversity, which is an effect of the mosaic structure
of habitats and a nearly nine-fold variability of the surface
and groundwater mineralization level [32,33]. In total, 48
types of plant communities belonging to different ecological
groups have been identified along the 4-km-long fragment
of the Szum River valley. The vascular plant flora of the area
comprises 378 species representing 72 families [34].

The vegetation has developed on meso- and euthrophic
peaty-gley and mud-gley soils with different levels of
groundwater. The meadow communities were dominated
by macroforbes: Filipendula ulmaria, Lysimachia vulgaris,
Lythrum salicaria, Cirsium rivulare, C. oleraceum, and
Mentha longifolia. The rush phytocoenoses were composed
mainly of Carex acutiformis and Phragmites australis.

During the growing season in 2006, the groundwater
levels in a fragment of the Szum River valley rose as a con-
sequence of the activity of European beavers Castor fiber.
The dam built by beavers impeded water outflow from the
catchment and led to water stagnation and flooding. At
the end of 2007, catchment waters began to flow into the
river, after beavers discontinued strengthening the dam.
Consequently, the water level in the waterlogged fragment
of the valley was lowered.

Field study

The investigations were conducted in two permanent plots
(5 x 5 m) located in two vegetation patches “A” and “B” rep-
resenting the association Lysimachio vulgaris-Filipenduletum
(Fig. 1). Patch A (ca. 250 m? area) was situated on a flat, vast
floodplain ca. 50 m away from the fragment of the riverbed
where beavers had built the dam. During the study, the
patch was flooded. Patch B (ca. 200 m? area) developed
on the floodplain at the distance of approximately 400 m
downstream from patch A. The patch B was not affected by
waterlogging and served as a control.

In order to identify the hydrological conditions, five
piezometers were placed next to each plot. In the vegetation
seasons 2006-2009, the water level was measured relative
to the surface with an accuracy of 1 cm. In 2006-2007, the
groundwater level was determined monthly from April to
October, while in 2008 and 2009 - in April, June, August,
and October. The graphic presentation of the fluctuations
of the groundwater levels provides averaged values from all
the piezometers installed in each patch.

The floristic composition of the vegetation was monitored
in the growing seasons of 2006-2009. An eleven-grade spe-
cies cover scale (“+” for a species with cover less than 5%,
“1” for cover 5-10%, “2” - 11-20%, ..., “10” - 91-100%)
was used [35].

The soil seed bank was sampled twice, i.e. in March 2006
and March 2009. Soil samples were taken with the Kopecky’s
cylinder (100 ml each, 5 cm deep, the surface area of one
sample - 19.7 cm?) from the surrounding area of plots A and
B, 64 for each plot. Samples were not collected from surface
of plots to avoid a damage of the structure of vegetation.
We analyzed the soil seed bank by the seedling emergence
method for 20 months [36,37]. The soil samples were sorted
to eliminate plant fragments and placed in cold frames in
an experimental garden. In order to eliminate the input of
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seeds from surrounding habitats, frames were covered by
windows. During the study, in soil samples the seedling of
species present in the garden and its surrounding were not
observed. The soil was regularly watered. Emerging seed-
lings were identified using available literature [38,39] and
removed. In the case of identification problems, the seedlings
were transplanted into a separate container and observed
further until emergence of morphological characteristics
that allowed identification of the taxon. During the experi-
ment, the soil samples were carefully turned over in order to
facilitate emergence of new seedlings. In the winter months,
the analyzed material remained in the garden in order to
ensure habitat conditions close to natural ones.

Data analysis

Assessment of the significance of the changes in the water
level noted in the patches during the successive study seasons
was performed using the Friedman test.

The Shannon-Wiener and evenness coefficients were used
to evaluate the biodiversity of the vegetation and soil seed
bank. The Wilcoxon’s test was chosen to check the signifi-
cance of the differences among the means (mean number
of taxa, number of seedling per 1 m? Shannon-Wiener
and evenness indices) for the soil seed bank data collected
from the same plot before and after waterlogging (2006 and
2009 years).

The qualitative similarity between the vegetation and
soil seed bank samples was calculated using Jaccard’s index
[40]. The index also revealed similarity between the floristic
composition in the analyzed patches before and after the wa-
terlogging (2006 and 2009). The same analysis was performed
for the floristic data from the soil seed bank. Spearman’s
rank correlation coefficient was used for comparison of the
quantitative structure of the soil seed bank and vegetation
cover before and after the waterlogging.

Species recorded in the vegetation and soil seed bank were
classified into the following ecological groups: rush, meadow,
bog-alder, peat-bog, and ruderal species. Accompanying
species and species characteristic for other habitats were
defined as “others”

The nomenclature of the vascular flora follows Mirek et
al. [41] and the classification of plant communities follows
Matuszkiewicz [42]. Statistical calculations were performed
using the Statistica 8 software package.

Results

Changes in water conditions in the study area

A rapid increase in the groundwater level was recorded
in patch A in the summer of 2006 (Fig. 2). In April 2006,
water persisted at a depth of several centimeters below the
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Fig. 2 Changes in the level of groundwater in patches A and B in the years 2006-2009.
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ground surface. During the whole vegetation season, the
water level rose by several centimeters (with a maximum in
July - 28 cm). Waterlogging persisted until the end of the
growing season in 2007, when catchment waters began to
flow into the river after beavers had ceased strengthening
the dam. In 2008-2009, no stagnant water was found on the
surface even after intensive precipitation, and the maximum
water levels remained at 10 cm below the ground surface.
The differences in the water levels in patch A during the
consecutive study seasons were statically significant (y* =
17.57; P = 0.0005).

The water table in patch B was very shallow; yet, it was
not observed to be higher than the ground surface. The mini-
mum water levels reached —12 cm, while at the maximum
levels water stagnated immediately below the surface. No
statistically significant differences were found in the course
of the water levels in the different vegetation seasons (y* =
1.48; P =0.0847).

Influence of waterlogging on the vegetation

During the 4-year observation, 42 vascular plant species
were recorded in patches A and B (Appendix S1). Among all
the species identified, 26 were common for both patches with
Carex acutiformis, Filipendula ulmaria, Lysimachia vulgaris,
and Lythrum salicaria as the most abundant.

In the second growing season, a rapid decline in species
richness by more than 50% was observed in the waterlogged
patch A (Tab. 1). In 2008-2009, the number of taxa increased
after waterlogging withdrawal but it did not reach the initial
value. Concurrently, the value of the biodiversity index
decreased from 1.31 in the vegetation season of 2006 to 0.89
in the following year. This phenomenon was accompanied
by a decrease in the value of the evenness coefficient from
0.90 to 0.77. In the control patch B, the number of species
decreased slightly in 2006-2008, but these changes were
not as large as in the waterlogged patch A. The values of the
Shannon-Wiener and evenness indices oscillated at similar
levels throughout the observation period (1.27-1.34 and
0.89-0.90, respectively).

Jaccard’s indices revealed more remarkable changes in
the species composition in patch A (J = 0.48) than in patch
B (J = 0.63; Appendix S1). The decline in species richness
in patch A induced by waterlogging (2007) was affected
to reduction of the share of meadow species (e.g. Cirsium
rivulare, F. ulmaria, Lychnis flos-cuculi) and a slight increase
in the share of rush species. After waterlogging withdrawal,
a reverse tendency was observed, i.e. the share of meadow
species increased from 42.9 to 57.9% and that of rush species
decreased from 28.6 to 15.8% (Tab. 2). Species that proved
to be the most resistant to water stress, as their cover before
and after the waterlogging remained at a comparable level
or increased, included e.g. C. acutiformis, Eupatorium can-
nabinum, Glyceria maxima, L. vulgaris, Mentha longifolia
and Thelypteris palustris.

Influence of waterlogging on the density and

floristic composition of the soil seed bank

In total, 42 taxa were recorded during the observa-
tions of emergence of seedlings from the soil seed bank
(Appendix S1). The numbers of taxa identified in patches

A and B were comparable and amounted to 32 and 34,
respectively. Over 85% of all the taxa were noted dur-
ing the first year of the observation of the soil seed bank.
Prolonged waterlogging did not induce equally substantial
changes in the soil seed bank as in the plant cover. Both in
the waterlogged and control patch, slightly reduced species
richness and decreased values of the biodiversity index were
recorded, but the differences, in the majority, did not change
statistically significant (Tab. 1).

After waterlogging withdrawal, the reserves of the soil
seed bank in patch A were slightly higher than the initial
values (3768 and 3858 seedlings per m?, respectively). At
that time, the number of seedlings in patch B decreased from
5087 to 4536 per m> The differences were not statistically
significant. In all samples, the seeds of Carex acutiformis,
Lysimachia vulgaris, and Lythrum salicaria had a largest
abundance. An increase in the share of a majority of the
distinguished species groups, particularly meadow species,
was observed in both patches (Tab. 2). Taxa that increased
their number of seedlings in the soil seed bank from patch A
include e.g. C. acutiformis, Crepis paludosa, Galium palustre,
L. vulgaris, L. salicaria and representatives of Poaceae. In the
control patch, the density of seedlings of the aforementioned
species in the second study period generally exhibited lower
values than those in 2006 (Appendix SI).

Similarity between vegetation and the soil seed bank

In the waterlogged patch A, the qualitative floristic
similarity between taxa identified in the soil seed bank and
vegetation cover declined, which was evidenced by the value
of Jaccard’s index decreasing from 0.46 to 0.36. A reverse
relationship was found in patch B, where the value of the
similarity index increased from 0.41 to 0.48.

The results of the analysis of quantitative similarity
expressed by Spearman’s coefficient before waterlogging
indicate a low but statistically significant (P < 0.05) cor-
relation between the abundance of the taxa identified in the
vegetation cover and the soil seed bank (Tab. 3). Waterlog-
ging caused a decrease in the quantitative similarity in patch
A from 0.38 to 0.11, whereas the value of the correlation
coefficient in the control patch increased from 0.10 to 0.43.

Discussion

As an engineer species, the beaver Castor fiber can sig-
nificantly change the geomorphological, hydrological, and
biotic properties of the landscape [25,43]. The species cre-
ates patches that are sufficiently different from surrounding
patches so that species otherwise excluded from the land-
scape can persist. One would predict that the addition of an
engineer to the landscape should increase species richness
by increasing habitat heterogeneity [30]. An increase in
richness within engineered patches is typically thought to be
a result of disturbance increasing resources by eliminating
competitively dominant species or ameliorating stressful
conditions [44]. Alternatively, a decrease in species richness
could occur if the conditions created by the engineer facilitate
the growth of a competitive dominant, or are so harsh as
to eliminate most species [30]. An example of such a factor
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Tab. 1 Differentiation of number of taxa, Shannon-Wiener and evenness indices in the vegetation and soil seed bank.

Patch A Patch B
Vegetation Seed bank Vegetation Seed bank
2006 2007 2008 2009 2006 2009 P 2006 2007 2008 2009 2006 2009 P
Number of 29 14 19 20 28 25 n.s. 31 28 26 26 28 24 n.s.
taxa
Number of 3768 3858 n.s 5087 4536 n.s.
seedlings (per
m?)
Shannon- 1.31 0.89 1.02 1.08 1.16 095 n.s 1.34 1.29 1.28 1.27 1.04 1.02 n.s.
Wiener index
Evenness 0.90 0.77 0.79 0.83 0.81 0.68 0.05 0.90 0.89 0.90 0.90 0.71 0.74 n.s.
index

The significance of the differences among the means for the soil seed bank data collected from the same plot before and after waterlog-
ging (2006 and 2009 years) was performed using the Wilcoxon’s test. The level of statistical significance for all analyses was at « = 0.05.

Tab. 2 Percentage distribution of ecological groups of the species in the vegetation and soil seed bank.

Patch A Patch B

Ecological Vegetation Seed bank Vegetation Seed bank

groups 2006 2007 2008 2009 2006 2009 2006 2007 2008 2009 2006 2009
Rush species 23.3 28.6 15.8 15.0 14.3 16.0 9.7 10.7 7.7 15.4 10.7 12.5
Meadow 50.0 42.9 57.9 55.0 39.3 52.0 58.0 57.2 57.7 53.9 46.4 54.1
species
Bog-alder 10.0 7.1 10.5 10.0 3.6 4.0 9.7 10.7 15.4 15.4 3.6 4.2
species
Peat-bog 5.0 3.8 3.8 3.6
species
Ruderal 6.7 7.1 10.5 5.0 7.1 8.0 9.7 7.1 7.7 3.8 3.6 4.2
species
Others species  10.0 14.3 5.3 10.0 35.7 20.0 12.9 14.3 7.7 7.7 32.1 25.0

Tab. 3 Comparison of the structure of the soil seed bank and
vegetation before and after the waterlogging using Spearman’s
rank correlation coefficient.

Patch A Patch B

2006

2006 2009 2009

0.38; P <0.05 0.11; n.s. 0.10; n.s. 0.43; P <0.05

may be the sudden rise in the groundwater level and long-
term stagnation on the surface, as observed in the analyzed
fragment of the Szum River valley.

Soil waterlogging is among abiotic stresses that influ-
ence species composition and productivity of numerous
plant communities. Tolerance to flooding and waterlogging
determines the spatial distribution of many plant species
in wetlands [11]. Excess water in the environment can be
treated as a stress factor sensu Grime [1]. Flood-tolerant
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species have a wide range of plasticity to adjust their physiol-
ogy resulting in metabolic, morphological, and anatomical
acclimation [45,46].

An immediate effect of the waterlogging of patch A at the
level of vegetation was the decline in species richness and a
decrease in the values of the biodiversity index. Stress sensu
Grime [1] induced by periodic anaerobic conditions [8,12,47]
inhibited the growth and development of plants already pres-
ent and, primarily, impeded recruitment of new individuals
of species characteristic of variable-moist meadows, e.g.
Cirsium rivulare, Filipendula ulmaria and Lythrum salicaria,
which were replaced by Carex acutiformis. This is associated
with the high tolerance of sedges to anaerobic conditions [48]
and the capability of vegetative (clonal growth) propagation
of their individuals. Consequently, patch A representing the
association Lysimachio vulgaris-Filipenduletum, prior to the
waterlogging, was transformed into the Carex acutiformis
community. The qualitative changes that took place in
this patch in 2006-2009 are additionally confirmed by the
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relatively small number of common species (Jaccard’ index
=0.48). A similar relationship was observed by Kobojek [49]
in the Rawka River valley (central Poland), where C. fiber
had been reintroduced. The activity of the animal resulted in
arise in the groundwater level and an increase in the share
of rush and aquatic vegetation.

The impact of beavers’ activity on biodiversity is am-
biguous. While the effects at the level of the landscape are
easily discernible (dams, small reservoirs, elimination of
shrubs and trees), at the phytocoenotic level (vegetation
patches) both increased [30] and decreased species diversity
[50] can be observed. The question of the duration of the
impact exerted by the landscape structure elements built
and abandoned by beaver “engineers” seems interesting.
The colony of beavers left the study area already after three
seasons. Although beaver dams are relatively short-term
forms (typically <10 years), their impact on surrounding
biocoenoses may persist for as long as several decades [51].

Under natural conditions, seeds in the soil will be meta-
bolically active and will therefore be vulnerable to oxidative
deterioration processes. Increased water content in the soil
could therefore be beneficial for seed survival. On the other
hand, effects of long periods of waterlogging could be nega-
tive when anoxic conditions occur [20].

In total, 42 taxa, a majority of which represented meadow
species, were identified in the soil seed bank of the investi-
gated vegetation patches in the Szum River valley. Despite the
considerable changes in the species composition in patch A
induced by waterlogging, the reserves of the soil seed bank
remained at a comparable level. Most taxa that were pres-
ent in 2006, e.g. Juncus effusus, Lycopus europaeus, Lychnis
flos-cuculi, and Scutellaria galericulata, were identified in the
soil samples. These species, however, were not found in the
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