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Abstract: Changes in habitat conditions in the area of Eastern Poland (Polesie Podlaskie), often associated 
with anthropopressure, cause a reduction in the number of locations and population size of valuable and 
rare bog plant species, including a Pleistocene boreal relict, Salix myrtilloides. The aim of this study was to 
determine the current conditions of occurrence of this species based on the physico-chemical parameters 
of peatland piezometric groundwater. The results confirm the declining trend in the number of locations 
and abundance of this species in the past few decades, but at the same time they confirm the wide range 
of amplitude of the many investigated factors. Among the groundwater parameters studied, the low level 
of nitrogen fractions, phosphorus fractions, cations, and DOC can be considered to be a set of conditions 
promoting the preservation of the Salix myrtilloides population. The higher concentrations of phosphates, 
sulfates, Na, Ca, and Mg as well as higher pH and electrolytic conductivity can be considered to be presum-
ably unfavorable. The lack of significant differences in the values of the piezometric water factors investi-
gated for the sites with different population sizes of the studied species requires the identification of other 
limiting factors and the implementation of programs for its active protection in Poland.
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Introduction

As a result of the geobotanical location of Po-
land, its peatland flora is characterized by a variety 
of range units, including typical continental species, 
oceanic-continental taxa and species of northern 
continental affiliation.

Due to the significant amplitudes of pH and troph-
ic status of peatland habitats, which results from the 

type of hydrological supply in these habitats, the 
phytocenoses associated with a particular ecological 
peat bog type have their own distinctive species com-
position. Besides, as a result of the specific habitat 
conditions of a particular peat bog itself, the flora of 
such an ecosystem is characterized by a high propor-
tion of species with a narrow or extremely narrow 
range of ecological tolerance, despite the numerous 
morphological, anatomical, physiological and ecolog-
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ical adaptations that enable them to survive in of-
ten extreme environmental conditions (Fijałkowski 
1991; Kłosowski and Kłosowski 2001; Ilnicki 2002;  
Tobolski 2003).

Thus, peatland flora plays a considerable role in 
determining the biodiversity, especially in Eastern 
Poland, where there are peatlands with relatively 
large areas and a high level of naturalness. Among 
the plants associated with the influence of the north-
ern continental climate and having specific habitat 
requirements, special attention should be paid to 
rare and protected Pleistocene boreal relicts, such as 
Betula humilis, Salix lapponum or Salix myrtilloides (Fi-
jałkowski 1991; Kruszelnicki et al. 2001; Churski and 
Danielewicz 2008; Pogorzelec 2008, 2009).

As a result of the limited availability of suitable 
habitats and their isolation, the possibility of oc-
currence and dispersion of boreal relicts is very low. 
Therefore, there is a real threat of extinction of local 
populations of these species (Churski and Daniele-
wicz 2008).

Natural or anthropogenically induced changes in 
habitat conditions resulting in the acceleration of the 
rate of ecological succession in peat bogs significant-
ly increase the possibility of occurrence of the effects 
adverse to species biodiversity. This is reflected in 
Eastern Poland (Polesie Podlaskie which includes 
the Łęczna-Włodawa Lake District) where since the 
late 1970’s we have observed more and more factors 
that negatively influence the natural state of the lake 
and peatland ecosystems. Anthropogenic impact, e.g. 
the pressure from agriculture, tourism, operations in 
the Lublin Coal Basin activity, and the Wieprz-Krzna 
Channel system, has led to a decrease in water sur-
face levels, the acceleration of water drainage, and 
an increase in the supply of nutrients, which has 
changed the physiognomy of the landscape and habi-
tat conditions of many natural ecosystems in Polesie. 
These processes have resulted in fragmentation and 
biocenotic changes in habitats (Serafin 2009; Serafin 
and Pogorzelec 2011).

This poses a special threat to valuable and rare 
boreal relicts, among them Salix myrtilloides which 
is critically endangered with extinction (Polish Red 
Book of Plants, Red List of Plants and Fungi of Po-
land) and is not able to compensate for the negative 
impact of anthropopressure. This species is threat-
ened mainly due to the expansion of forest vegeta-
tion, peat mining, and progressive eutrophication of 
habitats. Its ease of interbreeding with other willow 
species and the displacement of pure forms by hy-
brids can also be a source of threat (Piękoś-Mirkowa 
2003).

The aim of this study was to determine the am-
plitude of selected habitat factors representing the 
current conditions of occurrence of Salix myrtilloides 
in Eastern Poland (Polesie Podlaskie region). S. myr-

tilloides of the family Salicaceae Mirb. is a subarctic 
boreal species of circumpolar range. As a glacial rel-
ict, in Poland it has the status of endangered species 
(category – EN) or critically endangered species (cat-
egory – CE). If these threat factors do not disappear, 
this species will become extinct in the near future 
(Kruszelnicki et al. 2001; Mirek et al. 2006; Churski 
and Danielewicz 2008).

The obtained information will expand the knowl-
edge of the probable causes of the withdrawal of this 
species’ populations from their natural locations. 
It will also be used to develop a program for active 
protection of this species and to indicate the sites 
of possible reintroduction of the species within the 
study area.

Methods

The study was conducted in Eastern Poland, in the 
region of Polesie Podlaskie, in every stand of the S. 
myrtilloides populations in the peat bogs on Lake Bik-
cze, Lake Moszne, and Dekowina, as confirmed in the 
pilot research. 

The first stage of the study was to determine the 
exact number of S. myrtilloides individuals (an indi-
vidual was considered to be each aboveground shoot, 
regardless of underground connections).

The exact location of the studied population was 
determined using a portable GPS device (Garmin Or-
egon 550t). The coordinates were determined for the 
central part of the stand where the population oc-
curred (according to Churski and Danielewicz 2008). 
In those locations, soil piezometers (a 1m perforated 
PVC pipe with a diameter of 100mm) were installed: 
Bikcze (B): N51°22.771 ‘E023°02.588’ (the popula-
tion consisted of 107 S. myrtilloides individuals), Mo-
szne (M): N51°27.612 ‘E023°07.251’ (241 individu-
als), Dekowina (D): N51°26.689 ‘E023°31.368’ (120 
individuals) (Fig. 1).  

In the period 2011–2013, peat bog water (1dm3) 
was collected from the soil piezometers for labora-
tory analysis. Every year, the water was sampled at 
three times, one per season: spring, summer, and au-
tumn (9 times in total).

The laboratory analyses, carried out at the Cen-
tral Agroecological Laboratory (CLA) of the Uni-
versity of Life Sciences in Lublin using generally 
accepted certified methods, determined the basic 
physico-chemical factors in the piezometric water. 
The following habitat factors were examined: elec-
trolytic conductivity, pH and dissolved organic car-
bon (DOC), as well as selected chemical parameters 
determining plant growth and condition – nitrogen 
fractions: total nitrogen (Ntotal), ammonium nitrogen 
(N-NH4), nitrates (N-NO3), nitrites (N-NO2); phos-
phorus fractions: phosphorus (Ptotal), phosphate (P-
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PO4); sulfates (S-SO4); and basic cations: potassium 
(K), sodium (Na), calcium (Ca), magnesium (Mg). 

The results were analyzed in terms of the range 
of values ​​of the investigated factors of the studied 
species in relation to the individual study sites (B, 
M, D) and the total (+ BMD) as well as statistical 
relationships were determined.

Due to the lack of normality of distribution and 
the heterogeneity of variance across multiple data 
sets of the parameters, it was impossible to use the 
classical statistical analysis ANOVA. Therefore, in or-
der to compare the distributions of the factors in the 
particular habitats, the nonparametric Kruskal-Wal-
lis test was employed. Post-hoc analysis was done by 
running a set of Mann-Whitney tests with Bonferroni 
correction to adjust the p-values for multiple com-
parisons. 

The ranges of the studied habitat factors, which 
includes statistical testing, are shown graphically in 
the form of boxed charts presenting the specific char-
acteristics of empirical distributions according to the 
following specifications.

The distribution of observations is shown in the 
box-and-whisker plots. The bottom and top of the 
box designate the first and the third quartiles, re-
spectively. Thus, the inter-quartile range (IQR) cor-
responds to the high of the box. The horizontal line 
across the central region of the box characterizes 
the median. The mean value of the data is marked 
by a filled square. Two vertical dashed lines, called 

whiskers, extend from the bottom and top of the box. 
The whiskers are drawn to the most extreme obser-
vations that are located no more than 1.5 times the 
IQR away from the box. Any observation not includ-
ed between the whiskers is considered as an outli-
er and plotted with an open circle. When there are 
no outliers, the whiskers indicate the minimum and 
maximum values. The following abbreviations are 
used for labeling tick marks on the x -horizontal axis: 
B – Bikcze, M – Moszne, D – Dekowina. The x axis la-
bel provides the p-value derived by the Kruskal-Wal-
lis test. 

Detrended correspondence analysis (DCA) and 
principal component analysis (PCA) were applied to 
reveal principal variation patterns within the data. 
Ordination analyses included the three study sites 
and 14 environmental variables (physico-chemical 
factors). 

We used R 3.0.2 software (R Core Team 2013) for 
all statistical analyses and the vegan package 2.0-8 
(Oksanen et al. 2013) for multivariate investigations. 

Results

The obtained values ​​of the investigated physical 
and chemical factors of piezometric water allowed 
us to pre-determine the characteristic habitats of the 
studied species in relation to these factors at each 
location and in total (Figs 2–5).

Fig. 1. Location of study sites of the S. myrtilloides population in Polesie Podlaskie (Eastern Poland) B – Bikcze, M – Mo-
szne, D – Dekowina
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The ranges of the various factors often diverged 
to form wide ecological amplitude of tolerance of the 
studied species. Due to significant deviations of sin-
gle results, the average values ​​of some parameters 
(N-NO2, N-NO3, N-NH4, P-PO4, S-SO4, and Na) were 
sometimes outside the typical distribution of obser-

vations, giving an ostensible picture of ​​the intensity 
of a particular feature (Figs 2–5).

In general, the lowest values ​​of the bog water pa-
rameters (except for the concentration of S-SO4 ions, 
pH and conductivity) were recorded for the location 
of the most numerous S. myrtilloides population (Lake 

Fig. 3. Distribution of Ptotal and P-PO4 values of piezometric groundwater at the study sites in 2011–2013, with statistical 
analysis and the Kruskal-Wallis test

Fig. 2.  Distribution of Ntotal, N-NO2, N-NO3 and N-NH4 values of piezometric groundwater at the study sites in 2011–
2013, with statistical analysis and the Kruskal-Wallis test
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Moszne). On the other hand, the site of the least nu-
merous S. myrtilloides population (Lake Bikcze) was 
characterized by significantly elevated values of some 
parameters (P-PO4, S-SO4, Na, Ca, Mg, electrolytic 
conductivity, and pH). The water samples collect-
ed in a wilderness area known as Dekowina were 
characterized by higher values ​​of nitrogen fractions, 
phosphorus and DOC, giving the highest amplitude 
of these factors (Figs 3–5).

The lowest range of values ​​was reported for the 
ions of N-NO2, S-SO4, and Na in all the locations, 
whereas the highest range was characterized by sig-
nificant variation in relation to the parameters and 
study sites. In the case of the total phosphorus con-
centration in the water samples from the location on 
Lake Moszne, the ranges of variation of this factor 
varied from the ranges of variation for the other lo-
cations, likewise for N-NH4, pH and DOC at the De-
kowina site as well as for the parameters of P-PO4, 
pH and conductivity at the site on Lake Bikcze (Figs 
2–5). 

Taking into account all the sites of occurrence of 
S. myrtilloides in Polesie Podlaskie, N-NO2, NO3-N, 
S-SO4 and Na were characterized by the narrowest 

average amplitude of the values ​​of the studied physi-
co-chemical factors of the water in the habitats, thus 
determining probably a positive zone for this species, 
whereas Ptotal, K, Ca, Mg, DOC, pH and electrolyt-
ic conductivity showed the widest amplitude (Figs 
2–5).

The results of the statistical Kruskal-Wallis (K-W) 
tests, at a 5% level of significance, for the parameters 
of N-NO2, N-NO3, S-SO4, K, Na, Ca, Mg and elec-
trolytic conductivity identified no evidence to reject 
the null hypothesis of homogeneity of distributions 
for different locations. Every above-mentioned fac-
tor separately showed a similar distribution at the 
individual study sites. Statistically significant differ-
ences were observed for the distributions of the val-
ues ​​of Ntotal, N-NH4, Ptotal, P-PO4, pH and DOC, which 
means a variation in the distributions of the factors 
at the individual study sites and the rejection of the 
null hypothesis (Figs 2–5).

The Bonferroni-corrected Mann-Whitney test, 
as implemented in the base R function pairwise.
wilcox.test, was carried out as post-hoc analysis. 
A two-tailed p-value of less than 0.05 was consid-
ered significant. Statistically significant differences 

Fig. 4. Distribution of S-SO4, DOC, pH and electrolytic conductivity values of piezometric groundwater at the study sites 
in 2011–2013, with statistical analysis and the Kruskal-Wallis test
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were detected by the following comparisons: N-NH4: 
B–D (p-value=.035); Ntotal: B–D (.024), M–D (.008); 
Ptotal: B–M (.031), M–D (.016); P-PO4: B–M (.024); 
DOC: B–D (.008), M–D (.008); pH: B–D (.001), M–D 
(.035).

The data set was next subjected to DCA, as im-
plemented in the decorana function, which showed a 
first-axis gradient length of 1.212 in standard devia-
tion units. Therefore, PCA was undertaken by apply-
ing the rda function in the vegan package. 

Two principal components were extracted which 
account for 91.31 % of the total variation. The 14-di-
mensional samples were projected down onto the 
orthogonal components to obtain a low dimensional 
summary of the data (Fig. 6). 

According to the post-hoc tests, Dekowina pre-
sented significantly higher scores in relation to Mo-
szne concerning Ntotal and DOC, and significantly 
higher scores in relation to Bikcze regarding Ntotal, 
N-NH4 and DOC. Additionally, Dekowina presented 
significantly lower pH scores than each of all the oth-
er locations.

Furthermore, the post-hoc analysis demonstrated 
that the Ptotal scores were significantly lower in Mo-

szne in comparison with Bikcze and Dekowina, while 
Moszne was found to have significantly lower values 
of P-PO4 than those for Bikcze.

PCA identified three key underlying factors: Nto-

tal, electrolytic conductivity, and DOC. In particular, 
electrolytic conductivity appears to be the main con-
tributor to the first component, while DOC and Ntotal 
are the major contributors to the second one. As part 
of PCA, we obtained information that the first two 
principal components have negative coefficients with 
the three variables. It is worth noting that the first 
and second principal components are highly corre-
lated with electrolytic conductivity (r = – .994) and 
Ntotal (r = – .970), respectively (Fig. 6).

Discussion

The influence of habitat quality on the popula-
tion structure of rare and endangered flora species 
is one of the basic problems in studies of the subject 
(Juśkiewicz-Swaczyna and Choszcz 2012; Skrajna et 
al. 2012). The relationships between habitat and the 
condition of flora were analyzed taking into account, 

Fig. 5. Distribution of Na, K, Ca and Mg values of piezometric groundwater at the study sites in 2011–2013, with statis-
tical analysis and the Kruskal-Wallis test
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e.g., the heterogeneity of habitats and their effects on 
species richness, the impact of anthropogenic habitat 
fragmentation on the numbers and condition of rare 
plant species (Soomers et al. 2013), and the suscep-
tibility to extinction of small isolated populations 
(Matthies et al. 2004).

Ecological studies of rare and protected plant taxa, 
which play a significant role in the functioning of 
ecosystems in spite of their low proportion in phy-
tocenoses (Lyons et al. 2005), are complemented by 
hydrochemical habitat analysis.

The data in the Red List of endangered plants in 
Poland show that out of 418 vascular plant species 
threatened with extinction 55 (13%) are bog plants, 
including Pleistocene subarctic relicts (Zarzycki and 
Szeląg 1992).

In spite of their anatomical and physiological ad-
aptations to living in harsh conditions, plants are 
not able to compensate the changes in habitat condi-
tions, often generated directly and indirectly by hu-
man activities.

Climatic fluctuations largely determined by hu-
man activities are the most important factors degrad-

ing the natural ecological systems of peatlands. They 
result in disturbances in the hydrological regime and 
in the landscape surrounding a peat bog, also con-
tributing to the changes in the rate of biogenic ac-
cumulation and to water level fluctuations, which is 
clearly related to the functioning of a peat bog (Po-
gorzelec 2008).

Acid rain, the introduction of toxic and hazardous 
substances, the eutrophication of oligotrophic habi-
tats due to intensive agricultural production and for-
estry, and to a lesser extent transport, urban devel-
opment and tourism as well as other manifestations 
of anthropopressure all result in the degradation and 
fragmentation of the habitats of many rare species of 
plants (Geertsema et al. 2002; Soomers et al. 2013), 
including directly in peat bogs or their surroundings 
(Ilnicki 2002).

However, the most important anthropogenic 
threat to the existence and functioning of peatlands 
is the lowering of the groundwater level and the in-
troduction of foreign water to an ecological system 
(Guz 1996; Fijałkowski and Urban 1997).

Fig. 6. Projection of the original 14-dimensional scores onto the first two principal components. The black labels indicate 
individual data items. Each variable (factor) is represented as a vector, while the direction and the length of the vector 
indicate how the corresponding variable contributes to a principal component
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Drainage of a peat deposit leads to its settlement, 
interruption of upward water movement at the in-
terface of the organic and mineral layers, the pene-
tration of oxygen, and consequently to the mineral-
ization of organic matter. In this way, as a result of 
the increased amplitude of groundwater level fluctu-
ations, the process of organic matter decay is initi-
ated, leading to changes in habitat conditions which 
affect the qualitative changes in peatland vegetation. 
The introduction of waters with different physical 
and chemical characteristics, especially eutrophic 
ones, has a similar effect. As a result of these effects 
on a peat ecosystem, the original plant associations 
are replaced by foreign ones with a different floris-
tic composition or secondary clusters without the 
peat-forming ability are created. Tall-growing tree 
and shrub species with high competitive capacity en-
ter the peat bog, for example Betula pendula, Betula 
pubescens, Salix pentandra, Salix cinerea, or Salix aurita. 
With a large surface area of their assimilatory organs, 
their evapotranspiration is significant, resulting in 
even greater drainage of the peatlands and thus the 
acceleration of the succession development of biota. 
A consequence of such transformations is the loss 
of locations of less competitive bog species with re-
duced adaptive capacity, often including valuable 
protected flora species which are Pleistocene boreal 
relicts (Pogorzelec 2008).

Similar anthropogenic changes disturbing the 
habitat conditions of aquatic and peat ecosystems 
also relate to Polesie Podlaskie in Eastern Poland 
(Wilgat 1954).

Various land drainage projects (riverbed training, 
digging drainage ditches, the inclusion of the lakes in 
the runoff network) have affected the changes in hy-
drological relations in the region since the mid-nine-
teenth century. Additionally, the construction (1954–
1961) and operation of the Wieprz-Krzna drainage 
canal, including the conversion of several lakes into 
water storage reservoirs (e.g. Lake Bikcze), have sig-
nificantly contributed to an increase in the rate of 
water runoff, the elimination of surface stagnation, 
and a reduction in natural water retention, which has 
resulted in a decrease in the water table by 50–80 cm 
on average. The Wieprz-Krzna Canal carries water 
with different physical and chemical characteristics 
than the water typical of this region, which further 
contributes to the changes in habitat conditions of 
the peatland ecosystems. Similarly, the activities of 
the Lublin Coal Basin may have an indirect impact on 
the hydrological status of the region through hydrau-
lic relationships of a part of mining deposits (Michal-
czyk et al. 1995).

The changes in hydrological relations of Polesie 
Podlaskie are reflected in the transformations of hab-
itat conditions in the aquatic ecosystems and peat 
bogs of this region, often going beyond the compen-

satory capacity of many valuable plant species, such 
as Pleistocene boreal relicts.

Despite the scanty literature data on S. myrtilloides 
as a boreal relict fully protected in Poland, it should 
be noted that it is characterized by a quite wide 
positive zone with respect to many environmental 
factors. However, in Poland the number of its loca-
tions and the size of its population have gradually 
decreased. Until the 1970s, it occurred in about 90 
sites on the Lower Vistula River, in the Masurian and 
Łęczna-Włodawa Lake Districts, in the Roztocze re-
gion, and less frequently on the edges of the Kampi-
nos Forest, Silesian Lowland and Orava as well as 
on the Brda River (Kępczyński and Rutkowski 1985). 
Most of these locations no longer exist (Churski and 
Danielewicz 2008). In the Polesie Podlaskie area, the 
occurrence of S. myrtilloides at numerous sites associ-
ated with the peat bogs around the following lakes: 
Białe Sosnowickie, Brudno, Czarne Gościnieckie, 
Długie, Moszne, Kosaciec and Pilno, was described 
in the late 1950’s (Fijałkowski 1959). As regards 
these locations, the occurrence of impoverished 
populations of this species near the lakes Orchów, 
Dubeczyńskie and Brudno (Urban and Wawer 2001), 
on the lakes Bikcze and Moszne (Pogorzelec and Ba-
nach 2008) as well as in the Dekowina wilderness 
area was only confirmed. It is probably associated 
with a change in habitat conditions leading to the 
acceleration of ecological succession in the habitat 
ecosystems where this species occurs.

In 2011–2013, however, the habitat conditions 
related to the specific characteristics of the peat-
land piezometric water in the investigated sites of 
occurrence of swamp willow were characterized by 
neither significant amplitudes nor significant differ-
ences between sites, which was confirmed by the sta-
tistical analysis (K–W tests). Perhaps this is why in 
the course of the study there were no changes in the 
number of individuals in these populations, though 
compared to the period 2007–2008 the number of S. 
myrtilloides individuals had decreased more than 14-
fold in one of the locations (Lake Bikcze) (data not 
published).

The location in which this species was represent-
ed in greatest numbers (Lake Moszne) was charac-
terized by the lowest values in the case of most of the 
parameters, so it can be considered to be the most 
optimal set of conditions conducive to maintaining 
the population of Salix myrtilloides in various habitats. 
In the case of nitrogen fractions, similar values ​​were 
recorded for the locations with the least numerous 
(Lake Bikcze) and most numerous populations of S. 
myrtilloides and therefore they need not be a signifi-
cant limiting factor. The post hoc analysis also sug-
gest that the higher values of pH, electrolytic conduc-
tivity, Na, Ca, and Mg found in the shrinking location 
of swamp willow on Lake Bikcze can however be un-
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favorable for the continued persistence of the studied 
populations of this species.

The principal component analysis revealed that 
the following parameters: electrical conductivity, Nto-

tal and DOC, predominantly affected the variation of 
the other habitat factors, but at the same time this 
analysis found that there was a low correlation be-
tween electrolytic conductivity and the above-men-
tioned factors.

The lack of significant differences in the studied 
factors of peatland piezometric water at the sites 
with different numbers of the Salix myrtilloides pop-
ulation requires the identification of other limiting 
factors for this species in Polesie Podlaskie and the 
introduction of programs for active conservation of 
this species. 

The obtained results and discussion allowed us to 
formulate the following conclusions:
1.	 The amplitude of the values of the physico-chemi-

cal factors of groundwater ​​at different locations of 
S. myrtilloides is probably evidence of a wide range 
of ecological tolerance of the studied species in 
relation to these factors.

2.	 The distribution of the values ​​of a part of the hab-
itat parameters analyzed was probably favorable 
for the maintenance of the populations, while the 
distribution of the other ones should be consid-
ered as neutral or unfavorable.

3.	 Some of the habitat factors were characterized by 
a similar distribution of values ​​for the locations 
with different numbers of the S. myrtilloides popu-
lation and therefore they were not significant lim-
iting factors.

4.	 The maintenance of the Salix myrtilloides popula-
tion in Eastern Poland requires further compre-
hensive studies of its habitat conditions and the 
introduction of programs for active protection of 
this species.
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