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Abstract: It is generally hypothesized that forest dieback is a characteristic of alder swamp forests
(alder carrs, Alnion glutinosae alliance). Different internal and external factors may trigger this process,
including human disturbance, changes in river discharge, unusually severe and prolonged flooding,
terminal age of an even-aged alder forest (ca. 100–150 years) and others. Although forest dieback
in this type of forest may cause major changes in environmental conditions, the influence of this
change on the floristic composition has not been well recognized. The study aimed to detect any
possible changes in floristic variation in alder swamp forest following forest dieback. Vegetation
plots in alder swamp forests affected by forest dieback were resurveyed 20 years after a previous
study. PERMANOVA was used to test the significance of the compositional change and nonmetric
multidimensional scaling (NMDS) with passively fitted means of the Ellenberg’s Indicator Values
were used to interpret its ecological meaning. In addition, different structural and diversity indices
were compared, including species richness, percentage cover of vegetation layers, Shannon and
Simpson diversity and evenness. Finally, we analyzed changes in the frequency of vascular plant
species using Chi square tests. We recorded clear and significant compositional changes following
alder swamp forest dieback. This change was most related to the gradient of moisture, followed by
the gradients of light and temperature. The analysis of the individual species showed that the species
of hummocks declined, while the species of hollows increased. Moreover, the current communities
are dominated by some hydrophytes that were not recorded 20 years ago. Forest dieback resulted
in profound changes in the hydrological regime. The observed changes are consistent with a model
of cyclic succession as proposed for alder swamps. In addition, we conclude that the natural forest
dynamics have to be taken into consideration while interpreting the results of re-survey studies.

Keywords: alder swamp forest; alder carr; swamp woodland; Alnion glutinosae; Alnetea glutinosae;
Alnus glutinosa; forest dieback; forest dynamic; cyclic succession; vegetation resurvey

1. Introduction

In many types of temperate forests, canopy gaps are the main source of regeneration. These canopy
gaps are usually formed by a single tree-fall, which improves local light conditions in forests and
supports the establishment of tree seedlings and saplings [1,2]. This type of regeneration results in a
diverse age structure in the forest stand. However, in some types of forests the regeneration follows
large- or medium-scale disturbances and leads to the formation of forest stands characterized by a
simplified age structure because the community is typically built by only one generation of trees [3].

It is generally believed that forest dieback is a characteristic of alder swamp forests (also referred to
as alder carrs or alder fens, Alnetea glutinosae Br.-Bl. et Tx. ex Westhoff et al. 1946 class). This phenomenon
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was confirmed by the analysis of peat cores [4–8] and aerial photographs [9] as well as by direct
observations [5,10]. Different external factors may trigger alder swamp forest dieback, including human
disturbance (mainly clear-cuts) [4,6], unusually severe and prolonged flooding [11,12] or a groundwater
level increase as a result of the silting of abandoned drainage channels [9]. Some researchers suggest
that natural forest dieback of black alder (Alnus glutinosa (L.) Gaertn.) trees may occur at the age of
100–150 years [5]. Young individuals of black alder have very high light demands and are not able
to grow under a closed canopy of a mature alder carr stand [13–15]. Due to that, there is no younger
generation of trees that could replace dead ones and assure rapid regeneration of the forest stand.
Instead of this, a decreased evapotranspiration rate causes heavy waterlogging of the site. In those
conditions, open communities of marshes develop directly after forest dieback. There is usually a
time-lag preceding the renewed forest regeneration, because new alder seedlings may establish when
a newly accumulated peat layer reaches the level above the groundwater table [5]. In many sites,
dieback and regeneration processes occur alternately and form a dynamic pattern known as a cyclic
succession model [4,5].

Due to the significant fluctuations in the groundwater table, the spatial structure of alder carr
stands may be remarkably diverse and consist of two contrasting microhabitats, which are hummocks
and hollows [16,17]. Hummocks are formed by adventitious roots of black alder and are elevated
above the annual peak of the water table fluctuations [18]. They are covered by a thin layer of soil
and litter and harbor numerous plant species typical of temperate deciduous forests. The hummocks
are surrounded by the hollows, which are usually submerged from the autumn to the spring due to
the high level of the groundwater table. The hummocks host numerous wetland plant species [19,20].
Due to the distinct environmental conditions of these two types of microhabitats, only a small number
of well adapted plants can grow both on the hummocks and in the hollows [21].

The species composition in alder carrs is shaped by the intra-annual fluctuations in the water
table, however, long-term trends in the level of the groundwater table also affect the compositional
variability of wetland forests. The changes in the species composition in alder carrs were studied only
in the context of decreases in the water table caused by large scale surface coal mining, extensive use
of groundwater reserves and wetland drainage [22–25]. Contrary to this, a considerable prolonged
increase in the groundwater table may follow forest dieback. This also involves changes in the light
and temperature conditions. Although this process significantly alters the environmental conditions,
little is known about how forest dieback affects the compositional variability in alder carrs. The aim of
this study was to characterize and quantify the changes in the species composition in alder carr stands
that have experienced forest dieback.

2. Materials and Methods

2.1. Study Site

The research was conducted in the Olszyny Niezgodzkie strict nature reserve located in
south-western Poland (17◦1′54′′ E, 51◦30′26′′ N, see Figure 1). The reserve has an area of 78.3 ha
and was established in 1987 to protect natural alder swamp forests [26]. This is only a small portion of
the total cover of alder swamp forests that grow in the Barycz River valley region, which is famous
for wetland wildlife [27–29]. The hydrology of this area is influenced by the management of the
nearby ‘Stawy Milickie’ fish-ponds, which is one of the largest complexes of fish-ponds in Europe with
285 ponds that cover a total area of ca. 77 km2. According to some authors, the total area of alder
swamps in this region increased due to the development of this large fish-pond complex [30], which
started as early as in the Middle Ages [26]. The Olszyny Niezgodzkie nature reserve is situated at an
altitude of 93 m a.s.l. The mean annual temperature in this region is in the range of 8–8.5 ◦C [31], and
the mean annual precipitation is about 600 mm [32].
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Figure 1. Location of the Olszyny Niezgodzkie nature reserve in the Central-European and regional
(Lower Silesia) context.

2.2. Vegetation Sampling

In 1993, the Olszyny Niezgodzkie nature reserve was the subject of a detailed phytocosiological
study (hereinafter referred to as the ‘old survey’), and the alder carr was documented by 16
phytosociological relevés [33]. The authors recognized the Ribeso nigri-Alnetum Sol.-Górn. (1975) 1987
(=Carici elongatae-Alnetum glutinosae Tüxen 1931) association, which is a common alder swamp forest
type in Central Europe [34–36]. Unfortunately, no detailed localities of the plots sampled previously in
the Olszyny Niezgodzkie reserve were given, with only the numbers of the forest sub-compartments,
which are the smallest administration units in State Forests in Poland. A forest patch is distinguished as
a sub-compartment that usually has the same age, structure, habitat conditions and species composition
of trees. Thus, it may be generalized that within a whole forest sub-compartment the structure and
composition of the forest community is similar.

In 2013, which was 20 years after the previous study, we resurveyed the same patches of alder
carrs (hereinafter referred to as the ‘recent survey’). Due to a lack of information on detailed localities,
we randomly generated the localities for the same number of new plots with the same size as
previously surveyed in the forest sub-compartments. The area of the sub-compartments ranged
from 0.6 to 8.5 hectares (mean = 3.1, Standard Deviation (SD) = 2.4). The new localities were generated
in ArcGIS using the Create Random Points function (ArcGIS 10.1, Esri, Redlands, CA, USA). This
procedure resulted in possible relocations of the re-surveyed plots. Based on the shape and size
of the forest sub-compartments, we estimated a maximum possible plot relocation of up to 400 m.
However, recent studies have clearly demonstrated that the resurvey of historical vegetation is robust
to species pseudo-turnover caused by uncertainty in original plot location [37,38]. In addition, alder
carr vegetation within sub-compartments was very homogeneous, thus the effect of the relocation
error is reasonably low [38,39].

To avoid any possible phenological differences between the sampled plots, the new stands were
surveyed at the same time of the year (with a five day accuracy). In addition, the species cover was
estimated with the same abundance scale, which was the Braun-Blanquet scale [40]. The percentage
cover of three vegetation layers were estimated, including trees, shrubs and herbs. Due to often narrow
taxonomic concepts of the species recorded either in old or more recent surveys, they were not suitable
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sources of possible species determination as we used broader taxonomic concepts for the statistical
analyses (for example, we used Galium palustre agg. for two narrowly defined species: G. palustre
L. and G. elongatum C.Presl). All relevés from both old and recent surveys are stored in the Forest
Database of Southern Poland [41].

2.3. Data Processing and Analysis

We used Non-metric Multidimensional Scaling (NMDS) to examine the overall variation in the
species composition in a whole dataset. As the distribution of the plots suggested clear compositional
differences between the old and recent survey, we used Permutational Multivariate Analysis of Variance
(PERMANOVA) with 1000 permutations to test the significance of the vegetation change. To recognize
the main gradients related to compositional shifts detected in the previous analysis, we used the
Ellenberg’s Indicator Values (EIVs). The EIVs reflect the habitat preferences of Central-European
vascular plants by placing them on defined 9-point (12-point for moisture) ordinal scales for seven
environmental variables, including soil moisture, pH, nutrients, light, temperature, continentality
and salinity [42]. EIVs are broadly used in applied ecology [43,44], including vegetation resurvey
studies [45]. In this study, we calculated non-weighted means of EIVs for all samples from both old
and new surveys for light, temperature, moisture, pH and nutrients. The EIVs were passively fitted
into the NMDS ordinal space and tested for significance. For the significant variables we produced
additional NMDS diagrams with variables presented as a surface. In addition, we compared temporal
changes in mean EIVs between old and recent surveys using a permutation test based on randomized
EIVs [46] with 10,000 permutations.

Different attributes of vegetation were also compared between old and recent surveys, including
species richness, percentage cover of vegetation layers, Shannon and Simpson diversity indices and
evenness. Finally, we analyzed changes in the frequency of vascular plant species using Chi square
tests. All statistical analyses were conducted and graphically presented using R [47] with “vegan” [48]
and “ggplot2” [49] packages. The biological nomenclatures used in this paper follow The Plant
List (www.theplantlist.org, accessed 1 February 2018) for vascular plants and Mucina et al. [50] for
vegetation units.

3. Results

The NMDS analysis showed clear differences in species composition in alder carrs between old
and recent surveys (Figure 2). The detected differences were statistically significant according to
PERMANOVA (F = 13.306, R2 = 0.307, p = 0.001). Three out of five passively fitted variables were
significant (Table 1). The correlation of the NMDS axes with the means for the EIVs revealed that
differentiation of the plots along the first axis was positively correlated with an increase in moisture,
light and temperature. Additional NMDS diagrams with the significant variables presented as a surface
are given in Figure 3. However, a comparison of the mean EIVs using the modified permutation test
revealed that only EIVs for moisture differed significantly between the old and recent surveys (Table 2).

Table 1. Correlation coefficients of environmental variables with sample scores of NMDS axes 1 and 2.

Variable NMDS1 NMDS2 R2 p

Light 0.841 −0.541 0.391 0.004
Temperature 0.979 −0.206 0.294 0.009

Moisture 0.985 −0.171 0.816 0.001
pH 0.065 −0.998 0.141 0.118

Nutrients −0.503 −0.864 0.120 0.157

NMDS: nonmetric multidimensional scaling; Significant values (p ≤ 0.05, based on 10,000 permutations) are marked
in bold.

www.theplantlist.org
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Figure 2. Comparison of species composition in alder carrs in 1993 (old survey) and 2013 (recent survey)
using nonmetric multidimensional scaling with passively fitted community means of Ellenberg’s
Indicator Values.

Table 2. Comparison of mean EIVs between surveys in 1993 and 2013 using modified permutation test [46].

EIVs
1993 2013

F-value p
x− SD x− SD

Light 5.96 0.37 6.36 0.17 15.345 0.114
Temperature 5.44 0.17 5.56 0.09 5.947 0.330

Moisture 7.54 0.51 9.01 0.49 68.107 0.001
pH 5.91 0.49 5.78 0.28 0.852 0.706

Nutrients 6.18 0.56 5.79 0.35 5.622 0.348

EIVs: Ellenberg’s Indicator Values; The significant values (p ≤ 0.05) are marked in bold.

Comparison of species richness, diversity indices and evenness did not reveal any significant
changes between the old and recent surveys. The cover of trees decreased significantly after forest
dieback; mean values in 1993 and 2013 were 51.9% and 34.4%, respectively. However, the opening of
the canopy and subsequent increase in solar radiation reaching the shrubs and herbs did not influence
the cover of the lower vegetation layers (Table 3).

The analysis of the frequencies of individual species showed that among the common species,
five species increased and three species decreased (Table 4). In addition, we recorded five new species
that had not been found in the old survey and we did not confirm two species that were common in 1993.
A main pattern of compositional change emerged after a consideration of habitat preferences for the
above-mentioned species: species of hollows with high moisture demands increased (Carex elongata L.,
Hydrocharis morsus-ranae L., Lemna minor L., L. trisulca L., Lycopus europaeus L., Lysimachia vulgaris L.,
L. thyrsiflora L., Lythrum salicaria L., Solanum dulcamara L.), while species of hummocks with moderate
moisture demands decreased (Humulus lupulus L., Ribes nigrum L., Urtica dioica L.).
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Figure 3. Ellenberg’s moisture, light and temperature passively fitted as surface into ordinal space
in NMDS.

Table 3. Comparison of vegetation layer covers and diversity measures between surveys in 1993
and 2013.

Forest
Characteristics

1993 2013
p

x− SD x− SD

Trees 51.88 19.31 34.38 22.20 0.024
Shrubs 3.94 4.51 4.75 6.27 0.677
Herbs 82.19 21.83 86.25 9.57 0.503

Evenness 0.70 0.10 0.71 0.08 0.858
Richness 21.63 10.04 20.63 7.32 0.750
Shannon 2.12 0.57 2.12 0.40 0.989
Simpson 0.78 0.10 0.79 0.08 0.845

The significant values (p ≤ 0.05) are marked in bold.
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Table 4. List of plant species that formed whole dataset (32 samples) with frequency higher than 25%.

Species
Frequency

χ2 p
1993 2013

Alnus glutinosa (L.) Gaertn. 100.0% 100.0% - -
Carex elongata L. ↗ 31.3% 93.8% 10.800 0.001

Phragmites australis (Cav.) Trin. ex Steud. 43.8% 81.3% 3.333 0.068
Urtica dioica L. ↘ 87.5% 31.3% 8.295 0.004

Dryopteris carthusiana (Vill.) H.P. Fuchs ↗ 25.0% 81.3% 8.031 0.005
Deschampsia cespitosa (L.) P.Beauv. 68.8% 37.5% 2.008 0.156

Carex acutiformis Ehrh. 43.8% 62.5% 0.502 0.479
Galium palustre L. 37.5% 62.5% 1.125 0.289

Lemna minor L. + 0.0% 100.0% - -
Iris pseudacorus L. 31.3% 62.5% 2.008 0.156

Thelypteris palustris Schott 31.3% 56.3% 1.143 0.285
Lycopus europaeus L. ↗ 12.5% 75.0% 10.286 0.001

Calamagrostis canescens (Weber) Roth 43.8% 43.8% 0.000 1.000
Solanum dulcamara L. ↗ 6.3% 75.0% 12.955 0.000

Rubus idaeus L. 56.3% 25.0% 2.073 0.150
Lemna trisulca L. + 0.0% 75.0% - -

Lythrum salicaria L. ↗ 12.5% 62.5% 6.533 0.011
Bidens frondosa L. 18.8% 50.0% 2.216 0.136

Lysimachia vulgaris L. + 0.0% 68.8% - -
Hydrocharis morsus-ranae L. + 0.0% 62.5% - -

Ribes nigrum L. ↘ 56.3% 6.3% 7.127 0.008
Prunus padus L. 37.5% 25.0% 0.145 0.703

Lysimachia thyrsiflora L. + 0.0% 56.3% - -
Sorbus aucuparia L. 37.5% 18.8% 0.618 0.432

Peucedanum palustre (L.) Moench 25.0% 31.3% 0.000 1.000
Galium aparine L. – 56.3% 0.0% - -

Acer pseudoplatanus L. 25.0% 25.0% 0.000 1.000
Humulus lupulus L. ↘ 43.8% 6.3% 4.167 0.041

Stellaria aquatica (L.) Scop. – 50.0% 0.0% - -
Scutellaria galericulata L. 18.8% 31.3% 0.167 0.683

Changes in site occupation between surveys in 1993 and 2013 were significant for eight species (Chi square test,
p < 0.05), and are marked in bold. In addition, two species common during first survey disappeared, while there
were five new common plant species in 2013. Symbols indicate dynamic tendencies of species: ↗—increasing
species,↘—decreasing species, +—new common species not recorded in 1993, —–species not recorded in 2013 but
frequent in previous survey.

4. Discussion

4.1. Alder Carrs Dynamics and Related Floristic Changes

During the 20 years that had passed between the old and new surveys, the mean tree layer
cover decreased from 51.9% to 34.4% as a result of dieback of black alder. This change significantly
influenced the habitat conditions in the analyzed forest stands. Higher moisture is a result of a
decreased evapotranspiration rate from black alder foliage, while higher light availability is an obvious
effect of increased canopy transmittance and lower density of trees. We showed that the majority of
the most common alder carr species responded to this environmental change. Many hygrophilous
species growing in hollows increased, while some species with moderate moisture demands decreased.
These findings are consistent with our initial expectation, of course. We also expected that decreasing one
ecological group of species (hummocks) in favor of the second ecological group of species (hollows) will
result in decreasing total plant diversity. Moreover, previous studies clearly suggest that increased tree
mortality in most cases significantly influenced the ground flora species richness and diversity [51,52].
Surprisingly, we did not find any evidence for an effect on plant species richness and diversity indices.
Compared to the survey conducted 20 years earlier, both plant species richness and diversity indices
remained at the same level. In addition, the mean cover of shrub and herb layers remained stable
throughout the analyzed period. It is possible that plant species in alder carrs are adapted to severe
disturbances and loser species are able to survive in local microhabitats as long as the ecosystem will
change towards more favorable conditions. However, an alternative explanation may be given based
on the ecological threshold theory [53]. No significant change in plant diversity indices may be due
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to the fact that ongoing processes did not reach the ecological threshold, which represents the point
of rapid change [52]. Thus, maintaining the current trend may cause rapid and abrupt changes in
biodiversity indices in the future [54].

The detected compositional shifts revealed changes in the moisture conditions. It was reasonable
to expect this trend, however the magnitude of the change in moisture conditions was really surprising.
In the recent survey we identified a group of species, which were not reported 20 years earlier.
These species are hydrophytes with leaves floating on the water surface and are typical of water bodies
(Hydrocharis morsus-ranae, Lemna minor, L. trisulca). What is more, they dominated the ecosystems by
covering about half of the sampled plots in the recent survey. These species clearly indicate that in
dieback-affected alder carrs, the groundwater table can remain above the ground level over a whole
year, as opposed to alder fens that developed in typical conditions with the soils inundated only
for several months during a year [35]. The surveyed alder carr stands affected by forest dieback are
changing towards a complex of marsh communities and this is consistent with previous observations
and analysis of peat cores [4–7] in different parts of Europe. At this moment, it is not possible to
reliably predict if this open marshland will be re-colonized by black alder. However, in the Barycz
River valley, where this study was conducted, there are at least a few patches of marsh communities
dominated by different sedges species, which are now being colonized by a young generation of black
alder trees. Thus, it may be reasonably assumed that within this area the dynamic of at least some
patches of alder swamp forests is consistent with a cyclic succession model [4,5].

4.2. Knowledge Gaps Related to Biodiversity Dynamics in Alder Carrs

Dieback of alder swamp forests was reported from different parts of Europe, however, little
is known about the spatial extent of this phenomenon. Alder carrs can cover an area from several
to hundreds of hectares. These patches are influenced by one hydrological system and it can be
assumed that forest dieback may affect the whole community at a relatively large scale. However, large
patches of alder swamp forests may be characterized by relatively high spatial heterogeneity, including
differences in ground elevation, proximity to the river or the age of black alder trees. Thus, it is also
possible that the forest dieback may affect only part of the large stand of the swamp forest, e.g., only the
area placed at the lowest locations. An analysis of peat cores is local by nature, and thus cannot be
normally used to address considerations relating to the spatial extent of swamp forest dieback. It seems
that more insight may be given by a comparison of old and recent aerial photographs. These methods
were successfully applied to document succession and large-scale dieback in alder swamp forests in
the Czech Republic [9]. This study, however, documented dieback in forests developed on previously
managed wet meadows, and more research is needed in forest stands with a documented forest
continuity and little anthropogenic disturbance.

Assuming that natural large-scale diebacks in alder swamp forests are possible and forest
communities may be temporarily replaced by open communities of marshlands, it is unknown how
newly formed hummocks are recolonized by forest species. Observations and long-term studies in
the recent forest showed that recolonization of forest herbs is a function of time and depends on
the proximity to ancient woodland [55–57]. It has also been shown that the mean migration rate of
ancient forest plant species in black alder wetland forests was lower than 1 m per year [58]. At this rate,
it could be impossible to colonize a large patch of marshland during alder swamp forest succession.
Thus, it is unknown how forest species of hummocks can survive a period of forest dieback and open
communities with an elevated level of ground water. Furthermore, it needs to be tested if the broadly
used concept of ancient forest indicator species [59–61] can be reliably applied to such a dynamic and
cyclic forest ecosystem.

The spatial heterogeneity of alder swamp forests drives high plant species diversity. Species with
significantly different habitat requirements may occur in close proximity on the hummocks and in the
hollows. This microhabitat heterogeneity may also influence the diversity of other groups of organisms.
For example, recent studies have shown that different proportions of spider guilds are associated
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with hummocks and hollows in alder swamp forests [62]. Unfortunately, there is no evidence for
such differences in other groups of organisms, e.g., bryophytes, fungi, insects or snails. In addition,
if swamp forest dieback eliminates microhabitats of hummock, how can the above mentioned groups
respond to this phenomenon? Finally, there is also evidence that at least some of the stands of alder
swamp forests may be relatively stable and continuous [30]. It remains unclear how those stands
differ from the alder carrs undergoing cyclic succession in terms of environmental conditions, spatial
structure and management history.

4.3. Implication for Resurvey Studies

In the era of rapid global changes, ecologists keep seeking robust and efficient methods
for monitoring these changes. In recent years, studies on re-surveying vegetation plots that had
been documented previously gained much attention [38,63,64]. In that field, Braun-Blanquet’s
phytosociological approach [65] plays a crucial role. In spite of some limitations, this approach
has some undisputed advantages, including consistent methods applied by researchers over the
recent century and large amounts of historical data stored in databases worldwide [66–68]. This is
probably the main reason why so many studies apply this method to re-survey vegetation on
either permanent, quasi-(semi-) permanent or even non-traceable plots [38]. This study shows that
extensive compositional changes in forest communities detected within two decades are a result of
cyclical dynamics of alder swamp forests and has nothing to do with global changes. What is more,
although the process of cyclic changes in different types of natural temperate forests is a well-known
phenomenon, recent studies showed that forest dynamics may be also characterized by stochastic,
unpredictable development pathways of acyclic nature [69,70]. Thus, the natural forest dynamics
may strongly influence the results of re-survey studies that aimed to detect any possible global
change [71,72]. To avoid biased interpretation of the compositional changes revealed in the re-survey
studies, natural forest dynamics have to be taken into consideration.

5. Conclusions

The dieback in alder swamp forest resulted in extensive changes in the species composition.
The main drivers of this change are a permanently higher groundwater level and higher light
accessibility. As a result, the species of hummocks declined, while the species of hollows increased.
The revealed tendency will lead to the replacement of forest stands by marshlands. The observed
changes are consistent with a model of cyclic succession proposed for alder swamps. In addition,
we conclude that natural forest dynamics have to be taken into consideration while interpreting the
results of re-survey studies.
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