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Abstract: The water chemical and physical features (pH, conductivity, Na*, K*, Ca**, Mg** concen-
tration, water table) of five mires (Nyirjes lake at Sirok, Kis-Mohos and Nagy-Mohos at Kelemér,
Babtava and Nyires lake in the Bereg region) were investigated in North Hungary. The description
of water chemical relations of these mires is new result. The pH of these mires was low, the means
were between 3.29 and 5.92. The mean corrected conductivity ranged between 11.08 and 176.6
uScm™. The concentrations of measured cations were high, e.g. the mean Na* concentration was
between 3.47 and 12.71 mgdm™ and the mean Ca’" concentration was between 7.96 and 10.21
mgdm™. The mires of Sirok, Kelemér, and the Bereg region are separated on the basis of most vari-
ables. The mires of Bereg are less acidic and more rich in cations than the mires in Kelemér. The
mire of Sirok (Nyirjes lake) was more similar to those of Kelemér than to the mires of the Bereg
region. There was no clear trend in sampling periods, but the most diverse group structure was
found in September.
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INTRODUCTION

Water chemical measurements have a long history in the Northern Hemi-
sphere, mainly in North America and in Scandinavian countries (e.g. GIGNAC
1990, GIGNAC and VIiTT 1990, MALMER 1986, SJORS 1950, 1952, ViTT and
CHEE 1990, VITT and SLACK 1975), but there are some data from Great Britain
(BOATMAN et al. 1975, GORHAM and PEARSALL 1956), from the Alps (e.g. BAR-
GAzzA and GERDOL 1999, GERDOL 1990), and also from the Carpathian Region
(e.g. BREZINA et al. 1963, RYBNICEK 1970, HAJEK and HEKERA 2004, HAJEK et
al. 2002, HAJKOVA et al. 2004), as well. The first studies mainly characterized the
features of the surface water of different mire types. These studies have also shown
that pH, electrical conductivity, magnesium, sodium, and calcium concentrations
in surface waters help to distinguish mire waters derived from precipitation or
geogenous recharge. The connection between surface water chemistry and local
distribution of species was widely examined in the last decades (eg. ALBINSSON
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1997, GIGNAC 1993, GIGNAC et al. 1991, HAjkovA and HAJEK 2004, RYDIN
1986, 1993). The species and communities of different mire types are influenced
by three main factors: chemistry of surface water, height above water table and
shade conditions (e.g. BARGAZZA and GERDOL 1996, 1999, GIGNAC and VITT
1990, GIGNAC 1992, 1993, HAJKOVA et al. 2004, SJORS 1952).

Mires, especially the Sphagnum dominated mires are rare habitats in Hun-
gary. There are numerous investigations of flora, fauna, vegetation, and history of
these mires (e.g. BORICS 2001, BOROS 1924, 1926, 1964, CZENTHE 1985, JAKAB
etal 1998, LAJER 19984, b, MATHE and KOvAcs 1958, MAHUNKA 1991, MEGYE-
RI 1958, 1962, 1965, NAGY 2002, Nagy et al. 1998, POcs et al. 1958, SIMON 1953,
UHERKOVICS 1979, 1981, WILLIS et al. 1997, Z6LYyoMI 1931), but only a few
have been published on water chemical data. MEGYERI (1958, 1962, 1965) in-
vestigated the invertebrate fauna of peat moss dominated mires (e.g. Babtava,
Nyires lake, Nadas lake, Nyirjes lake, Mohos lakes, Kis lake near Egerbakta) and
he measured pH conductivity and ion concentrations at his sampling points. The
algological investigations of mires also provided some water chemical data (e.g.
Borics 2001, UHERKOVICS 1979, 1981). In the late 1980s GYULATI et al. (1988)
made some measurements in the Kelemér mires. NAGY et al. (2016) measured
pH, conductivity, redox-potential, concentration of the NH_*, K* and PO, in
Babtava, Nyirjes lake, and Mohos lakes between 2009 and 2015.

Though all mires are protected by law in Hungary since 2001 (“Ex-lege” Mire
Protection), our knowledge about their water chemical features is still poor. The
publication of water chemical data from 2000 is also interesting because there are
no published data from this period. The aims of this study are (1) to provide data
about the surface water of the largest Hungarian peat moss dominated mires, (2)
to compare the features of the surface water of these mires, (c) to investigate the
temporal differences of the surface water.

MATERIAL AND METHODS
Study area

The most important peat moss dominated mires can be found in North
Hungary, they are situated in the northern part of the Great Hungarian Plain (in
the Bereg region), in the Putnok Hills and in the Matra Mts (Fig. 1).

In the northern part of the Great Hungarian Plane the bed of the Tisza River
gradually shifted from the eastern part of the plain towards southwest leaving a
labyrinth of oxbow lakes and channels behind, from which Babtava (BABT) and
Nyires lake (NYTB) have the highest conservational importance. In the end of
the 1980s the Sphagnum dominated associations were in poor conditions because
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of drainage. To prevent the escalation of the drying processes many conserva-
tion actions were carried out in the 1980s: the draining canals were blocked, oak
forests were planted in the buffer zone, usage of chemicals was prohibited in the
surrounding agricultural lands, and water replenishers were built to increase the
water supply of the mires (SIMON 1992).

BABT is an about 700 m long and 80 m wide, silted oxbow lake. SIMON
(1960) described twelve communities, from which the most important peat moss
dominated communities are Eriophoro vaginati-Sphagnetum and Carici lasiocar-
pae-Sphagnetum. Sphagnum palustre is the dominant peat moss on this mire, and
there are also important populations of S. angustifolium, S. fallax, S. flexuosum,
and S. fimbriatum.

The main damaging effect on the mire was the burning in 1967, when parts
of the alder and willow communities and reed marshes were wiped out (e.g.
SIMON 1992). In their place, open water surfaces established, which are shrink-
ing year after year as the succession of vegetation proceeds.

NYTBisa C-shaped, c2 750 m long and 80 m wide, silted backwater. On the
vegetation map of SIMON (1960), fourteen communities were distinguished; the
most important is the open Eriophoro vaginati-Sphagnetum. The most frequent
peat moss in the central open part is S. flexuosum and S. fallax. Sphagnum palus-
tre and S. magellanicum mostly disappeared, they grow only in few patches. In
the alder dominated parts S. fimbriatum is the most frequent species with some
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Fig. 1. Distribution of investigated mires (BABT = Bébtava, KMOH = Kis-Mohos,
NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB = Nyires lake).
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cushions of S. squarrosum. Currently the largest problem is the degradation of
the mire vegetation indicated by the increasing dominance of Juncus effusus.

Kis-Mohos (KMOH) and Nagy-Mohos (NMOH) are situated in the Putnok
Hills, near Kelemér village, at 296 m and 294 m above sea level. They can be
found only a few hundred metres from each other and they are surrounded by
Quercetum petraeae-cerris and Querco-Carpinetum forests. They are belted by a
lag zone and different willow communities. In the inner part Betulo pubescen-
tis-Sphagnetum community is dominant. In the innermost part open associa-
tions (e.g. Carici lasiocarpae-Sphagnetum, Eriophoro angustifolii-Sphagnetum,
Eriophoro vaginati-Sphagnetum) can be found. The most frequent peat mosses are
Sphagnum angustifolium, S. fallax, S. flexuosum, S. fimbriatum, S. magellanicum,
and S. palustre (SZURDOKI and NAGY 2002).

Nyirjes lake (NYIS) is the mire of the Matra Mts, situated near Sirok village,
on the northern slope of Darné Hill, at about 250 m above sea level. This mire de-
veloped in a basin of about 9000 m?, and has no visible surface water supply. The
Nyirjes lake is belted with a lag zone, which is full with water during the whole
period. The main communities from outside inwards are the following: Scirpeto-
Phragmitetum, Salicetum cinereae, Salici cinereae-Sphagnetum, and Carici lasio-
carpae-Sphagnetum. The most frequent peat mosses are Sphagnum angustifolium,
S. fallax, S. fimbriatum, and S. palustre (SZURDOKI and NAGY 2002).

Data collection

All five investigated mires were sampled three times in 2000, in June,
September, and November.

Water sampling units were collected from small shallow pits or from arti-
ficially made holes. The sampling points were not fixed, but samples were taken
from similar parts of the mires during the sampling periods. The sampling units
were collected from peat moss dominated communities (Carici lasiocarpae-
Sphagnetum, Eriophoro angustifolii-Sphagnetum, Eriophoro vaginati-Sphagnetum,
Betulo pubescentis-Sphagnetum, Salici cinereae-Sphagnetum) where the water ta-
ble was lower than 40 cm. Altogether 80 samples (27 from BABT, 8 from NYTB,
21 from KMOH, 9 from NMOH and 15 from NYIS) were collected in each sam-
pling period.

Height above water table (HWT) was measured with perforated tube,
following the dipwell method described by BRooks and STONEMAN (1997).
Surface water conductivity and pH were measured in situ using portable instru-
ments (pH: Hanna Checker 1, conductivity: Cole-Palmer 1980-20 Measure-
ments). The readings were standardized to 20 °C (pH, conductivity) and con-
ductivity was corrected with hydrogen ions (SJoRs 1952). Afterwards, water
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was placed in plastic bottles and 0.5 ml of 65% HNO, was added to 100 ml of
sample to preserve. Since most water samples were turbid due to colloidal sus-
pensions, filtration was necessary. Metallic elements (Na*, K*, Ca**, Mg*") were
measured with flame spectral analysis. The sampling units collected from the
same mire, same community, and places with same dominant peat mosses were
mixed before flame spectral analysis. Altogether 28 samples (9 from BABT, 4
from NYTB, 7 from KMOH, 3 from NMOH and 5 from NYIS) were taken in
each sampling period.

Statistical analysis

The water conditions of the mires were compared based on the measure-
ments of the different periods separately and also based on the measurements of
the whole period (merging the data of the three sampling periods), indicated as
“total average” in Results. Besides, the differences between the periods within the
mires were also analysed.

For data analyses univariate statistical and multivariate methods were used.
One-way ANOVA or Kruskal-Wallis test was used for comparing temporal and
spatial variation of environmental variables. For multiple comparison Tukey’s
Post Hoc test or Dunn’s test was calculated (ZAR 1999). To compare mires and
sampling periods and to determine the main gradients non-metric multidimen-
sional scaling (NMDS with Bray—Curtis distance) was applied (BORCARD et al.
2011). To test the multivariate difference between mires and sampling periods
permutational multivariate variance analysis (based on Bray—Curtis distance and
999 permutations) was calculated (BORCARD et al. 2011).

Statistical analyses were calculated with R 3.4.2 (R CorRE TEAM 2017).
Tukey’s Post Hoc test was calculated with “glht” function (multcomp 1.4-7 pack-
age, HOTHORN et al. 2017) and Dunn’s test with “dunn.test” function (dunn.test
1.3.5 package, DINNO 2017). The NMDS was calculated with “metamds” func-
tion and the permutational multivariate variance analysis (permanova) with the
“adonis” function of vegan 2.4-3 package (OKSANEN et al. 2017), respectively.

The nomenclature follows HILL et al. (2006) for mosses and SIMON (2000)
for vascular plants and associations.

RESULTS
Height above water table (HW T Table 1, Fig. 2)

HWT ranged between 1 cm (NMOH) and 35 cm (BABT) from June 2000
to November 2000 and the total average HWT of mires ranged between 8.6
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cm (NYTB) and 15.51 cm (NYIS). The water table was highest in NMOH and
NYTB, the lowest in BABT and NMOH. There was a significant difference in
HW'T between mires on the basis of all data and also in all sampling period. The
water table was quite stable during the year, the summer means are only slightly
higher in most investigated mires. From five investigated mires only BABT and
NYIS showed significant difference between sampling dates, these mires were
wetter during November.

Tablel. Mean, standard deviation, median, maximum and minimum values of height above wa-

ter table (HW'T) in the five investigated mires during the whole period and in June, September,

and November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS =
Nyirjes lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB
Whole period
mean (cm) 14.30 12.07 9.92 15.51 8.60
+SD 5.89 5.38 5.29 4.82 4.25
median (cm) 14 13 9 15 8.5
minimum (cm) 4 2 1 7 2
maximum (cm) 35 23 22 30 19
June 2000
mean (cm) 14.89 11.00 8.54 17.36 8.38
+SD 4.55 5.48 5.48 5.30 4.60
median (cm) 14 14 7 15 8.5
minimum (cm) 8 2 2 12 3
maximum (cm) 24 17 21 30 17
September 2000
mean (cm) 16.81 13.78 11.96 17.07 8.00
+SD 6.83 3.63 5.24 3.13 3.63
median (cm) 16 15 12 16 8.5
minimum (cm) 6 7 4 14 2
maximum (cm) 35 18 22 24 12
November 2000
mean (cm) 11.19 11.44 9.25 12.60 9.50
+SD 4.74 6.77 4.71 4.72 4.93
median (cm) 11 11 9 11 8
minimum (cm) 4 3 1 7 6
maximum (cm) 22 23 16 22 19
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Fig. 2. Variation in the height above water table (HWT) in the investigated mires during the whole
period, June, September and November (a) and during sampling periods in investigated mires (b)
(BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB =
Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median; whiskers
define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling period (a) and
mire’s name (b) the used univariate statistical test and the level of significance are detailed (A =
ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns = non signifi-
cant). The capital letters above box and whisker plots refer to the results of post hoc tests (Tukey’s
test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated ).
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pH (Table 2, Fig. 3)

The measured pH values ranged between 3.29 (BABT) and 5.92 (BABT)
from June 2000 to November 2000 and the total average pH of mires ranged be-
tween 3.77 (KMOH) and 4.41 (BABT). The difference was significant between
mires on the basis of all data and in June and September, but there was no signifi-
cant difference between them in November. The mires near Kelemér (NMOH and
KMOH) were the most acidic and mires of the Bereg Plain were the less acidic in
most sampling period. The clear trend was not detected during the year, however
three from the five investigated mires showed significant difference in sampling
dates. The range was the largest in BABT, in the case of all three sampling dates.

Table 2. Mean, standard deviation, median, maximum and minimum values of pH of surface
water in the five investigated mires during the whole period and June, September, and November
(BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB =

Nyires lake).
BABT KMOH NMOH NYIS NYTB
Whole period
mean 4.41 3.77 3.82 3.96 4.19
+ SD 0.64 0.31 0.24 0.15 0.54
median 4.36 3.7 3.78 3.94 4.035
minimum 3.29 3.41 3.33 3.72 3.6
maximum 5.92 4.5 4.58 4.48 5.52
June 2000
mean 4.46 3.76 3.89 4.07 3.95
+SD 0.45 0.19 0.23 0.18 0.38
median 4.48 3.77 3.805 3.98 3.845
minimum 3.83 3.41 3.52 3.92 3.6
maximum 5.79 4.1 4.58 4.48 4.7
September 2000
mean 4.83 3.68 3.83 3.97 4.50
+SD 0.64 0.31 0.21 0.12 0.70
median 4.67 3.57 3.75 3.95 4.33
minimum 3.91 3.47 3.6 3.81 3.84
maximum 5.92 4.5 4.35 4.21 5.52
November 2000
mean 3.95 3.87 3.75 3.87 4.19
+SD 0.50 0.40 0.25 0.09 0.45
median 3.85 3.75 3.72 3.88 4.105
minimum 3.29 3.43 3.33 3.72 3.73
maximum 5 4.46 4.54 4.03 4.87
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Fig. 3. Variation in the pH of surface water of the investigated mires during the whole period,
June, September, and November (a) and during the sampling periods in the investigated mires (b)
(BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB =
Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median; whiskers
define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling period (a) and
mire’s name (b) the used univariate statistical test and the level of significance were detailed (A =
ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns = non signifi-
cant). The capital letters above box and whisker plots refer to the results of post hoc tests (Tukey’s
test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated ).
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Corrected conductivity (Table 3, Fig. 4)

The conductivity ranged between 11.08 pScm™ (BABT) and 176.6 uScm™
(BABT) from June 2000 to November 2000 and the total average conductivity of
mires ranged between 39.70 uScm™ (NYIS) and 78.66 pScm™ (NYTB). There was
significant difference between mires, and the mires of Bereg (BABT and NYTB)
separated from the other three mires on the basis of all data. However the range
of conductivity was slightly different between sampling periods, the differences
between mires were similar. BABT has significantly higher conductivity values
than those of the Mohos lakes (KMOH, NMOH) and NYIS. On the basis of
Dunn’s test NYTB was placed in different groups in all sampling periods. The

Table 3. Mean, standard deviation, median, and maximum and minimum values of corrected

conductivity of surface water in the five investigated mires in whole period and June, September,

and November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyir-
jes lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB

Whole period
mean (uScm™) 71.46 45.85 43.55 39.70 78.66
+SD 29.38 25.53 23.36 16.82 36.68
median (pScm™) 70.26 39.86 39.09 38.52 68.64
minimum (pScm™) 11.08 14.81 10.49 13.15 21.67
maximum (pScm™) 176.06 101.87 163.3 79.47 151.86
June 2000
mean (pScm™) 63.80 40.07 44.09 29.53 47.18
+SD 19.00 14.48 18.75 17.97 14.40
median (pScm™) 64.64 43.49 40.02 24.75 48.44
minimum (pScm™) 31.56 20.68 13.75 13.15 21.67
maximum (pScm™) 97.82 58.99 79.92 79.47 70.46
September 2000
mean (uScm™) 76.65 48.84 37.55 47.02 125.35
+SD 28.86 30.50 16.19 12.25 18.70
median (uScm™) 73.21 39.86 35.06 45.93 123.99
minimum (pScm™) 41.41 19.07 13.11 20.41 99.50
maximum (pScm™) 154.65 101.87 73.93 66.88 151.86
November 2000
mean (uScm™) 74.98 48.63 48.75 39.85 73.93
+SD 39.83 30.37 31.52 16.99 15.63
median (pScm™) 71.83 37.92 42.65 36.89 70.46
minimum (pScm™) 11.08 14.81 10.49 15.56 58.07
maximum (pScm™) 176.06 99.26 163.30 70.05 97.99
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Fig. 4. Variation in the corrected conductivity of surface water of the investigated mires during the
whole period, June, September, and November (a) and in the sampling periods in the investigated
mires (b) (BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake,
NYTB = Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median;
whiskers define 10 and 90 percentiles; points are outliers. In the bracket, next to the sampling
period (a) and mire’s name (b) the used univariate statistical test and the level of significance are
detailed (A = ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01,* = p < 0.05, ns =
non significant). The capital letters above box and whisker plots refer to the results of post hoc tests
(Tukey’s test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated).
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conductivity was stable during the year in BABT, NMOH, and KMOH, but there
was a strong and significant difference between sampling dates in NYTB. There
was only a week, but significant difference in NYIS between sampling periods.

Cations

Na* concentration (Table 4, Fig. 5)

The concentration of Na* ion varied between 2.28 (NYIS) and 19.37 (BABT)
mgdm™ from June 2000 to November 2000, and the total means of mires ranged
between 3.47 (NYIS) and 12.71 mgdm™ (NYTB). There was a significant differ-

Table 4. Mean, standard deviation, median, and maximum and minimum values of Na* concen-

tration of surface water in the five investigated mires in whole period and June, September, and

November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes
lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB

Whole period
mean (mgdm™) 11.75 5.64 4.95 3.47 12.71
+SD 3.15 1.87 1.24 0.97 2.99
median (mgdm™) 11.24 4.84 4.995 3.42 13.19
minimum (mgdm™) 8.03 391 3.09 2.28 8.95
maximum (mgdm™) 19.37 10.11 8.21 5.93 15.72
June 2000
mean (mgdm™) 9.55 4.29 3.92 3.55 9.29
+SD 1.214 0.42 0.67 1.53 0.371
median (mgdm™) 9.13 4.12 3.91 2.85 9.29
minimum (mgdm™) 8.03 3.91 3.09 2.51 8.95
maximum (mgdm™) 11.24 4.84 5.04 5.93 9.64
September 2000
mean (mgdm™) 11.97 7.02 4.82 3.1 15.53
+SD 2.54 2.38 0.97 0.75 0.15
median (mgdm™) 12.1 6.11 5 2.96 15.53
minimum (mgdm™) 9 4.84 3.43 2.28 15.39
maximum (mgdm™) 15.75 10.11 6.32 4.33 15.67
November 2000

mean (mgdm™) 13.74 5.60 6.11 3.79 14.45
+SD 3.66 1.12 0.93 0.44 1.39
median (mgdm™) 14.31 5.03 6.045 3.65 14.455
minimum (mgdm™) 8.23 4.68 491 3.31 13.19
maximum (mgdm™) 19.37 7.08 8.21 4.56 15.72
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Fig. S. Variation in the Na* concentration of the surface water of the investigated mires in the
whole period, June, September, and November (a) and in the sampling periods in the investigated
mires (b) (BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake,
NYTB = Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median;
whiskers define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling pe-
riod (a) and mire’s name (b) the used univariate statistical test and the level of significance are
detailed (A = ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns =
non significant). The capital letters above box and whisker plots refer to the results of post hoc tests

(Tukey’s test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated).
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ence between mires. Three groups of the mires are recognizable. NYIS is sepa-
rated both from the group of the Bereg’s mires and the group of the Kelemér’s
mires. The lower spring values definitely differ from summer and autumn values,
in most investigated mires. In the case of NYIS the Na concentration varied only
slightly during the year, the difference was hardly significant.

K* concentration (Table 5, Fig. 6)

The K* ion concentration ranged between 1.79 and 15.63 mgdm™' from June
2000 to November 2000 and the total means of mires varied between 3.28 (NYIS)
and 7.59 (BABT). Only the NYIS differs significantly from the four other mires

Table 5. Mean, standard deviation, median, and maximum and minimum values of K* concen-

tration of surface water in the five investigated mires in the whole period and June, September,

and November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS =
Nyirjes lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB

Whole period
mean (mgdm™) 7.59 7.71 7.07 3.28 6.07
+SD 3.28 191 2.85 1.10 1.49
median (mgdm™) 6.99 6.99 6.37 3.1 5.5
minimum (mgdm™) 3.26 5.3 3.43 1.79 4.18
maximum (mgdm™) 15.63 10.61 17.47 5.44 8.71
June 2000
mean (mgdm™) 7.59 6.25 5.30 3.31 4.84
+SD 2.66 091 1.39 1.41 0.71
median (mgdm™) 7.72 6.08 5.04 2.59 4.84
minimum (mgdm™) 4.54 5.30 3.43 2.07 4.18
maximum (mgdm™) 13.20 7.38 8.18 5.44 5.50
September 2000
mean (mgdm™) 5.98 9.26 7.27 3.64 7.48
+SD 2.55 1.71 1.57 0.94 1.35
median (mgdm™) 5.34 10.17 7.36 3.68 7.48
minimum (mgdm™) 3.26 6.99 5.28 2.47 6.25
maximum (mgdm™) 11.85 10.61 9.56 5.20 8.71
November 2000
mean (mgdm™) 9.15 7.61 8.65 2.89 6.30
+SD 3.78 1.73 3.85 0.93 1.00
median (mgdm™) 7.61 6.59 7.68 2.78 6.30
minimum (mgdm™) 4.85 6.34 4.89 1.79 5.38
maximum (mgdm™) 15.63 9.91 17.47 4.42 7.21
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Fig. 6. Variation in the K* concentration of surface water of the investigated mires in the whole
period, June, September, and November (a) and in the sampling periods in the investigated mires
(b) (BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB
= Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median; whisk-
ers define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling period (a)
and mire’s name (b) the used univariate statistical test and the level of significance are detailed (A
= ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns = non signifi-
cant). The capital letters above box and whisker plots refer to the results of post hoc tests (Tukey’s
test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated).
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on the basis of the whole period dataset. The difference between mires was larg-
est in September. The clear trend was not detected during the whole year, how-
ever four from the five investigated mires showed significant difference between
sampling dates. The K* ion concentration values were the lowest in NYIS during
the whole period and this low concentration was quite stable.

Ca** concentration (Table 6, Fig. 7)

The Ca’* ion concentration ranged between 4.95 (KMOH) and 15.00
(KMOH) mgdm™ from June 2000 to November 2000 and the total means of mires
varied between 7.96 (BABT) and 10.21 (NYIS). On the basis of the whole dataset

Table 6. Mean, standard deviation, median, and maximum and minimum values of Ca** concen-

tration of surface water in the five investigated mires in the whole period and June, September,

and November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS =
Nyirjes lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB

Whole period

mean (mgdm™) 7.96 9.67 10.06 9.07 10.21
+SD 1.81 2.99 2.16 1.53 2.06
median (mgdm™) 7.54 9.59 10.15 8.29 10.5
minimum (mgdm™) 5.55 4.95 5.34 6.83 7.2

maximum (mgdm™) 13.1 15 13.1 114 13.1

June 2000
mean (mgdm™) 7.83 8.89 11.30 9.73 8.12
+SD 2.15 0.72 1.36 1.11 0.98
median (mgdm™) 7.28 8.95 11.75 9.97 8.12
minimum (mgdm™) 5.55 8.02 9.09 8.51 7.20
maximum (mgdm™) 13.10 9.69 13.10 11.20 9.04
September 2000
mean (mgdm™) 8.32 13.13 10.93 9.16 11.80
+SD 1.56 1.42 1.56 1.70 1.42
median (mgdm™) 8.15 12.50 10.75 8.08 11.80
minimum (mgdm™) 6.29 11.90 8.90 7.56 10.50
maximum (mgdm™) 11.00 15.00 12.80 11.40 13.10
November 2000

mean (mgdm™) 7.75 6.98 7.95 8.50 11.40
+SD 1.69 2.06 1.75 1.50 0.99
median (mgdm™) 7.60 6.39 8.03 8.23 11.40
minimum (mgdm™) 5.70 4.95 5.34 6.83 10.50
maximum (mgdm™) 11.50 9.59 11.10 11.20 12.30
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Fig. 7. Variation in the Ca®* concentration of surface water of the investigated mires in the whole
period, June, September, and November (a) and between sampling periods in the investigated
mires (b) (BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake,
NYTB = Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median;
whiskers define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling pe-
riod (a) and mire’s name (b) the used univariate statistical test and the level of significance were
detailed (A = ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01,* 7 p < 0.05, ns =
non significant). The capital letters above box and whisker plots refer to the results of post hoc tests

(Tukey’s test when ANOVA and Dunn’s test when Kruskal-Wallis test was calculated).
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only the BABT showing lower concentration of Ca** ions differs significantly from
the four other mires. The most pronounced difference between mires was detected
in September. The clear trend was not recorded during the year, however three from
the five investigated mires showed significant difference between sampling dates.
NYTB, NMOH, and KMOH showed different changes between sampling periods.

Mg** concentration (Table 7, Fig. 8)

The Mg** ion concentration ranged between 1.44 (KMOH) and 5.04
(KMOH) mgdm™ from June 2000 to November 2000 and the total means of
mires varied between 2.55 (BABT') and 4.88 (NYIS). Only the NYTB differs sig-

Table 7. Mean, standard deviation, median, and maximum and minimum values of Mg** concen-

tration of surface water in the five investigated mires in the whole period and June, September,

and November (BABT = Babtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS =
Nyirjes lake, NYTB = Nyires lake).

BABT KMOH NMOH NYIS NYTB

Whole period
mean (mgdm™) 3.06 2.55 2.76 2.47 4.88
+SD 0.78 0.72 0.53 0.32 0.69
median (mgdm™) 2.86 2.55 2.805 2.36 5.2
minimum (mgdm™) 1.91 1.44 1.59 2.11 3.95
maximum (mgdm™) 5.04 3.84 3.61 3.14 5.76
June 2000
mean (mgdm™) 2.85 2.31 2.96 2.51 4.09
+SD 0.79 0.19 0.32 0.28 0.15
median (mgdm™) 2.55 2.23 3.01 2.64 4.09
minimum (mgdm™) 2.12 2.14 2.45 2.11 3.95
maximum (mgdm™) 4.62 2.55 3.44 2.83 4.23
September 2000
mean (mgdm™) 2.90 3.38 2.92 2.42 5.33
+SD 0.58 0.35 0.47 0.31 0.01
median (mgdm™) 2.86 3.25 2.94 2.29 5.33
minimum (mgdm™) 1.91 3.06 2.19 2.12 5.32
maximum (mgdm™) 3.72 3.84 3.61 2.93 5.33
November 2000
mean (mgdm™) 3.44 1.96 2.42 2.49 5.48
+SD 0.83 0.54 0.59 0.36 0.31
median (mgdm™) 3.21 1.78 2.35 2.36 5.48
minimum (mgdm™) 2.33 1.44 1.59 2.11 5.20
maximum (mgdm™) 5.04 2.65 3.45 3.14 5.76
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Fig. 8. Variation in the Mg** concentration of surface water of the investigated mires in the whole
period, June, September, and November (a) and in the sampling periods in the investigated mires
(b) (BABT = Bébtava, KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB
= Nyires lake). Boxes define 25 and 75 percentiles; thick horizontal lines show the median; whisk-
ers define 10 and 90 percentiles; points are outliers. In the bracket, under the sampling period (a)
and mire’s name (b) the used univariate statistical test and the level of significance are detailed (A
= ANOVA, KW = Kruskal-Wallis test, *** = p < 0.001, ** = p < 0.01, * = p < 0.05, ns = non signifi-
cant). The capital letters above box and whisker plots refer to the results of post hoc tests (Tukey’s
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nificantly from the four other mires on the basis of the total dataset. The differ-
ence between mires was most pronounced in September. There was not any trend
during the year, however four from the five investigated mires showed significant
difference between sampling dates. The Mg?** ion concentration was the highest
in NYTB during the year.

Multivariate analysis

The NMDS analysis (Fig. 9a) showed that the point clouds of the mires of
Bereg (BABT, NYTB) partly overlap each other. They are completely separated
from the points of NYIS. The mires of Kelemér (KMOH, NMOH) widely over-
lap each other and also overlap NYIS and Bereg’s mires. The separation of the
mires of Bereg and NYIS was based on conductivity, pH, sodium, and potassium
ion concentration. The differentiation between BABT and NYTB and between
KMOH and NMOH was based on height above water table and concentration of
calcium and magnesium. There is a strong significant difference between mires
on the basis of permanova (R? of mires 0.29293, p = 0.000999 ***).

The NMDS analysis of sampling periods (Fig. 9b) showed that point clouds
of the first (June) and third (November) period are separated but widely overlap-
ping. The points of the second sampling period (September) are totally overlap-
ping points of the two other periods. The permanova analysis of sampling periods
indicated week significant difference (R? of periods 0.02987, p = 0.005994 **).

DISCUSSION

The water table in the five investigated mires is relatively close to the surface
of peat moss. TAHVANAINEN et al. (2003) published HWT data from Finnish
fens. They found, similarly to our results that the water table in mires is the low-
est in August. The HW'T was smaller in moderately rich fens (2.5-5 cm) than in
poor fens (7-9.5 cm).

The pH of these mires was relatively low compared with other fens. The
measured pH ranged from 3.29 to 5.92, and means ranged from 3.68 to 4.83.
These low pH values refer to bog or poor fens. The pH was markedly higher,
mean was 5.5 in the Western Carpathian poor fens (HAJEK et al. 2002, HAJEK
and HEKERA 2004) and also in a Sphagnum dominated mire near Bolzano (Alps,
Italy), where the pH in fen vegetation ranged between 4 and 5 (BARGAZZA and
GERDOL 1999). TAHVANAINEN et al. (2002, 2003) measured pH under 4 in
Finnish bogs, and between 4 and 5 in poor and moderately poor fens. SJORs and
GUNNARSON (2002) also published low pH values from Swedish bogs.
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Fig. 9. NMDS of surface water samples based on water chemical variables and height above wa-

ter table. The samples were grouped by mires (a) and by sampling periods (b) (BABT = Babtava,

KMOH = Kis-Mohos, NMOH = Nagy-Mohos, NYIS = Nyirjes lake, NYTB = Nyires lake, HWT

= height above water table, Cond = corrected conductivity, Na = Na* concentration, K = K* con-
centration, Ca = Ca®* concentration, Mg = Mg?* concentration).
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The corrected conductivity of the five investigated Hungarian mires was
relatively high, the means were between 29 and 125 uScm™'. Similar corrected
conductivity was measured in the Western Carpathians, where the mean con-
ductivity was 53.1 uScm™ in poor fens and 145 pScm™ in rich fens. BARGAZZA
and GERDOL (1999) found lower values, between 5-35 uScm™. In Finland
TAHVANAINEN et al. (2002) also measured lower conductivity values.

The metallic element concentrations, similarly to conductivity, (Na*, K,
Ca’', Mg**) were higher in Hungarian mires than in poor fens of the Western
Carpathians (HAJEK and HEKERA 2004, HAJEK et al. 2002), in a Sphagnum dom-
inated mire in Italy (BARGAZZA and GERDOL 1999), or in poor and moderately
poor fens in Finland (TAHVANAINEN et al. 2002, 2003).

The deviation between mires was less pronounced in November, and the
most diverse group structure was observed in September. HAJEK and HEKERA
(2004) investigated the water chemical variables of mires during three years, and
they found that the late summer-early autumn period is the best to divide fens
on the basis of water chemical data. TAHVANAINEN et al. (2003) collected weekly
water chemical data for a year, and they demonstrated that the largest difference
between mires can be detected in early autumn.

There was not a clear trend between sampling periods in the investigated
mires. Two or three variables did not differ significantly between sampling pe-
riods in mires. HW'T was very stable during the year in KMOH, NMOH, and
NYTB, corrected conductivity was constant in KMOH, NMOH, and BABT
while pH in NYTB and NMOH, respectively. NYIS showed different picture,
because there were no significant differences in the case of K*, Ca**, and Mg**
concentration. HAJEK and HEKERA (2004) had similar results from Western
Carpathian fens, they found that pH and conductivity were the most stable vari-
ables, Na*, K¥, Ca’*, and SO4*" were relatively stable, and N-NO,", CI', Fe, PO >,
and redox-potential temporally varied.

The ranges of measured variables were relatively narrow, there was signifi-
cant difference between mires on the basis of multivariate permanova and there
was also significant difference in the case of all variables (simple statistic, with
whole period dataset).

The results of simple one-variable statistics and NMDS pointed out that
the mires situated close to each other can be characterized by very similar water
chemical and HWT values. The mires of the Bereg Plain (BABT and NYTB)
have very similar values in pH, conductivity, and sodium and potassium con-
centrations, and their point clouds in NMDS markedly overlapped. The mires of
Kelemér (KMOH and NMOH) were in the same group in the case of all variables
(on the basis of whole period dataset) and their point clouds in NMDS widely
overlapped. The NYIS clearly separated from the mires of Bereg and its point
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cloud partly overlapped those of KMOH and NMOH in NMDS. The results of
one-variable statististics were interesting. NYIS formed an own group in the case
of two variables (sodium and potassium concentration) and shared also groups
with the Kelemér mires, with BABT (e.g. HWT), and with NYTB (e.g. pH).
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Osszefoglalé: Eszak-magyarorszagi tézegmohaldpokban (siroki Nyirjes-té, keleméri Kis-
Mohos és Nagy-Mohos, beregi Babtava és Nyires-t) végeztiink vizkémiai vizsgalatokat (pH,
konduktivitas, Na*, K, Ca®*, Mg** koncentrécid) valamint vizszintmérést. A pH viszonylag alacsony
volt a vizsgalt ldpokban, az atlagok 3.29 and 5.92 kozott valtoztak. A konduktivitas laponkénti atla-
ga 11.08 and 176.6 uScm™" kozotti értékeket mutatott. A kationok koncentraciéja magasnak mond-
haté, a Na* koncentracié ldponkénti dtlaga 3.47 és 12.71 mgdm™ a Ca®* koncentraciéé 7.96 és 10.21
kozott valtozott. A siroki, keleméri és beregi régidk egymastdl viszonylag jol elkiiloniiltek a legtobb
valtozé alapjan. A beregi lapok kevésbé savanytunak és kationokban gazdagabbnak bizonyultak a
kelemérilapoknal. A siroki Nyirjes-té a vizsgalt valtozok tekintetében kozelebb 4ll a keleméri lapok-
hoz, mint a beregiekhez. A mintavételi idépontok alapjan szabalyszer(i valtozdsokat nem lehetett ki-
mutatni. A ldpok kozotti killonbség a kora 6szi mintavétel alkalméval volt a legjelentSsebb.

REFERENCES

ALBINSSON, C. (1997): Niche relations and association analysis of southern Swedish mire hepatics.
- J. Bryol. 19: 409-424. https://doi.org/10.1179/jbr.1997.19.3.409

BrAGAZzZA, L. and GERDOL, R. (1996): Response surfaces of plant species along water-table depth
and pH gradients in a poor mire on the southern Alps (Italy). — Ann. Bot. Fennici 33: 11-20.

BrAGAZzZA, L. and GERDOL, R. (1999): Hydrology, groundwater chemistry and peat chemistry in
relation to habitat conditions in a mires on the South-eastern Alps of Italy. — Plant Ecol. 144:
243-256.

BoaTMAN, D. J., HULME, P. D. and TOMLINSON, R. W. (1975): Monthly determinations of the
concentrations of sodium, potassium, magnesium and calcium in the rain and in pools on the
Silver Flowe National Nature Reserve. — J. Ecol. 63: 903-912. https://doi.org/10.2307/2258610

BORCARD, D., GILLET, F. and LEGENDRE, P. (2011): Numerical ecology with R. — Springer, New
York, 319 pp.

Borics, G. (2001): A Baldta-t és néhdny hazai lipviz algaflérdjinak fébb jellemvondsai. (Main fea-
tures of the algae flora of the Lake Baldta and a few other lakes). — Manuscript, Doctoral thesis,
Kossuth Lajos Tudomanyegyetem, Debrecen, 91pp.

Boros, A. (1924): Magyar laptanulmanyok IV. — Ungarische Moorstudien. Az egerbaktai és
a keleméri mohaldpok névényzete — Die Flora der Moore von Egerbakta und Kelemér. —
Magyar Bot. Lapok 23: 62-64.

BOROS, A. (1926): Kézép- és Nyugatmagyarorszag Sphagnum ldpjai novényfoldrajzi szempontbol.
[Sphagnum dominated mires of Central and West Hungary in phytogeographical point of
view]. — A debreceni Tisza Istvdan Tud. Tdrs. Honism. Bizotts. Kiadv. 2: 1-25.

Studia bot. hung. 48(2), 2017



222 SZURDOKI, E.

BOROS, A. (1964): A tézegmoha és a tdzegmohas lipok Magyarorszagon. [ The peat moss and mires
in Hungary]. — Vasi Szemle 18: 53-68.

BREZINA, P., HADAG, E., JEZEK, V. and KUBICKA, J. (1963): Pozndmky o vegetaci Ttebonskych
blat. [Notes on vegetation of Tteboil mires]. — Sborn. Pedag. Inst. Plzen, Zemépis a pridopis
4:207-272.

BROOKS, S. and STONEMAN, R. (eds) (1997): Conserving bogs: The management handbook. — The
Stationery Office, Edinburgh, 286 pp.

CZENTHE, B. (1985): A Keleméri Mohos-tavak c6noldgiai viszonyai. (Coenological relations of the
“Mohos-tavak” at Kelemér). — Bot. Kozlem. 72: 89-122.

DINNO, A. (2017): dunn.test: Dunn’s test of multiple comparisons using rank sums. Version 1.3.5.
https://CRAN.R-project.org/package=dunn.test [accessed: 21.11.2017]

GERDOL, R. (1990): Seasonal variations in the element concentrations in mire water and in
Sphagnum mosses on an ombrotrophic bog in the Southern Alps. — Lindbergia 16: 44-50.

GIGNAG, L. D. (1990): Mineral content of mire surface water and hummock-forming Sphagnum
species in peatland of western Canada. — Lindbergia 15: 151-160.

GIGNAC, L. D. (1992): Niche structure, resource partitioning, and species interactions of mire
bryophytes relative to climatic and ecological gradients in Western Canada. — Bryologist 95:
406-418. https://doi.org/10.2307/3243564

GIGNAG, L. D. (1993): Distribution of Sphagnum species, communities, and habitats in relation to
climate. — Adv. Bryol. 5: 187-222.

GIGNAG, L. D. and VITT, D. H. (1990): Habitat limitations of Sphagnum along climatic, chemical
and physical gradients in mires of western Canada. — Bryologist 93: 7-22.
https://doi.org/10.2307/3243541

GIGNAG, L. D, VITT, D. H., ZOoLTAL S. C. and BAYLEY, S. E. (1991): Bryophyte response surfac-
es along climatic, chemical and physical gradients in peatlands of western Canada. - Nova
Hedwigia 53: 27-71.

GoRrHAM, E. and PEARSALL, W. H. (1956): Acidity, specific conductivity and calcium content of
some bog and fen waters in Northern Britain. — J. Ecol. 44: 129-141.
https://doi.org/10.2307/2257157

Gyurar I, HUDAK, K.and BALAzs, O. (1988): A Keleméri Mohosok regeneracids kisérleteinek ta-
pasztalati 6sszegzése. (Regeneration experiments in the Mohosok Nature Reserve, Kelemér,
Hungary). — Abstr. Bot. 12: 49-63.

HAjJEK, M. and HEKERA, P. (2004): Can seasonal variation in fen water chemistry influence the
reliability of vegetation-environmental analyses? — Preslia 76: 1-14.

HAjEK, M. HEKERA, P and HAjkOVA, P. (2002): Spring fen vegetation and water chemistry in
the Carpathian flysch zone. — Fol. Geobot. 37: 205-224. https://doi.org/10.1007/bf02805220

HAjxovA, P. and HAJEK, M. (2004): Bryophyte and vascular plant responses to base-richness and
water level gradients in western Carpathian Sphagnum-rich mires. — Folia Geobot. 39: 335-351.
https://doi.org/10.1007/b£02803207

HAjxovVA, P., WOLF, P. and HAJEK, M. (2004): Environmental factors and Carpathian spring fen
vegetation: the importance of scale and temporal variation. — Ann. Bot. Fennici 41: 249-262.

Hirr, M. O., BELL, N., BRUGGEMAN-NANNENGA, M. A., BRUGUES, M., CANO, M. J., ENROTH, ].,
FLATBERG, K. I., FRAHM, J-P., GALLEGO, M. T., GARILLETI, R., GUERRA, J., HEDENAS, L.,
Hovryoak, D. T., HYVONEN, J., IGNATOV, M. S., LARA, F., MAZIMPAKA, V., MUROZ, J. and
SODERTSROM, L. (2006): An annotated checklist of the mosses of Europe and Macaronesia.
—J. Bryol. 28(3): 198-267. https://doi.org/10.1179/174328206x119998

HoOTHORN, T., BRETZ, F., WESTFALL, P., HEIBERGER. R. M., SCHUETZENMEISTER, A. and SCHEI-
BE, S. (2017): multcomp: Simultaneous inference in general parametric models. Version 1.4-
7, https://CRAN.R-project.org/package=multcomp [accessed: 21.11.2017]

Studia bot. hung. 48(2), 2017



WATER CHEMICAL RELATIONS AND WATER TABLE OF N HUNGARIAN MIRES 2273

JakAB, G., MAGYARI E., RUDNER, E. and SUMEGT, P. (1998): A keleméri Nagy-Mohos t6 fosszilis
mohafléraja. (Fossil mosses of Nagy-Mohos bog near Kelemér (NE Hungary)). — Kitaibelia
3:353-354.

LAJER, K. (19984): Az Aldrovanda vesiculosa L. Gjabb el6fordulasa és egyéb adatok Magyarorszag
flérdjanak ismeretéhez. [New distributional data of Aldrovanda vesiculosa L. and other data
to the knowledge of flora of Hungary]. — Kitaibelia 3: 263-274.

LAJER, K. (1998b): Bevezetés a magyarorszagi lapok vegetacié-okoldgiajaba. [Introduction to the
vegetation and ecology of Hungarian mires]. — Tilia 6: 84-238.

MAHUNKA, S. (ed.) (1991): The Bdtorliget Nature Reserves — after forty years. — Hungarian Natural
History Museum, Budapest, 848 pp.

MALMER, N. (1986): Vegetational gradients in relation to environmental conditions in north-west-
ern European mires. — Can. J. Bot. 64: 375-383. https://doi.org/10.1139/b86-054

MATHE, I. and KovAcs, M. (1958): A Matra t6zegmohds lapja. (Das Sphagnummoor des Matra-
Gebirges). — Bot. Kozlem. 47: 323-331.

MEGYERL J. (1958): Hidrobioldgiai vizsgélatok két tézegmohaldpon (Babtava, Nyirjestd). (Hydro-
biologische untersuchungen an zwei Sphagnum-Mooren (Babtava in Nyirestd)). — Acta Acad.
Paedagog. Szeged, pp. 73-82.

MEGYERY], J. (1962): Adatok a nagybéarkdnyi és a siroki Sphagnum-lapok vizi-faundjdnak ismere-
téhez. (Beitrdge zur Wasserfauna der Sphagnum-Moore bei Sirok und Nagybarkany). - Acta
Acad. Paedagog. Szeged, pp. 149-176.

MEGYERY, J. (1965): Osszehasonlité hidrobiolégiai vizsgalatok a keleméri és az egerbaktai Sphag-
num-lapokon. (Vergleichende hydrobiologische untersuchungen an den Sphagnum-Mooren
von Kelemér und Egerbakta). — Acta Acad. Paedagog. Szeged, pp: 115-123.

NAGY, J. (2002): Sziindinamikai vizsgdlatok egy tézegmohaldp természeti értékeinek megbrzésére. (In-
vestigations of syn-dynamical processes for conservation of natural value of a Sphagnum-mire).
— Manuscript, Doctoral thesis, SZIE Biolégiai Doktori Iskola, G6d5116, 206 pp.

NAGY, J., FIGECZKY, G., PENKSzA, K., FINTHA, 1., MOLNAR, A., TOTH, Z. and KarAaros, T.
(1998): Contributions to the flora and vegetation of the lake Bence-té, NE Hungary. — Studia
bot. hung. 27-28: 151-161.

NAGY, J. Gy., CSERHALMI, D., FOGARASI, G., TOTH, Zs., TOLNAI, M., KLATYIK, Sz., ERDOS, M.,
KissnE Uzonyr, A. and ENDREDI, A. (2016): Osszehasonlité vizkémiai vizsgalatok négy
északkelet-magyarorszagi tdzegmohaldpon. (Water chemistry studies on four NE Hungar-
ian Sphagnum mires). — In: BARINA, Z., Buczkd, K., L6k0s, L., PAPP, B., P1Fk6, D. and
SzURDOKTI, E. (eds): El6adasok és poszterek 6sszefoglaldi. (Book of Abstracts). XI. Aktudlis
fléra- és Vegetacidkutatds a Kérpat-medencében nemzetkozi konferencia (11th International
Conference “Advances in research on the flora and vegetation of the Carpato-Pannonian
region). Budapest, 12—14. February 2016, Hungarian Natural History Museum, pp. 25-26.

OKSANEN, J., BLANCHET, F. G., FRIENDLY, M., KINDT, R., LEGENDRE, P.,, MCGLINN, D., MIN-
CHIN, P., O’'HARA, R. B,, SIMPSON, G., SOLYMOS, P., STEVENS, H., Sz6cs, E. and WAGNER,
H. (2017): Community ecology package. Ordination methods, diversity analysis and other
functions for community and vegetation ecologists. Version 2.4-3. https://CRAN.R-project.
org/package=vegan [accessed: 21.11.2017]

Pécs, T., DOMONKOS-NAGY, E., P6Cs-GELENCSER, 1. and Vipa, G. (1958): Vegetationstudien im
Orség. — Akadémiai Kiad6, Budapest, 124 pp.

R CorE TEAM (2014): R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. — http://www.R-project.org/ [accessed: 21.11.2017]

RYBNICEK, K. (1970): Rynchospora alba (L.) Vahl,, its distribution, communities and habitat con-
ditions in Czechoslovakia. — Folia Geobot. Phytotax. 5: 145-162.
https://doi.org/10.1007/bf02851823

Studia bot. hung. 48(2), 2017



224 SZURDOKI, E.

RYDIN, H. (1986): Competition and niche separation in Sphagnum. — Can. J. Bot. 64: 1817-1824.
https://doi.org/10.1139/b86-240

RYDIN, H. (1993): Mechanisms of interactions among Sphagnum species along water-level gradi-
ents. — Advances in Bryology 5: 153-185.

SimoN, T. (1953): Torfmoore im Norden des Ungarischen Tietlandes. — Acta. Biol. Hung. 4: 249-252.

SiMoN, T. (1960): Die Vegetation der Moore in den Naturschutzgebieten des Nordlichen Alfold.
— Acta Bot. 6: 107-137.

S1MON, T. (1992): Vegetation change and the protection of the Csaroda relic mires, Hungary. —
Acta Soc. Botan. Pol. 61: 63-74. https://doi.org/10.5586/asbp.1992.005

S1MmoN, T. (2000): 4 magyarorszdgi edényes fléra hatdrozdja (harasztok—virdgos novények). [1dentifi-
cation book of Hungarian vascular flora (pteridophytes — flowering plants)]. - Nemzeti Tan-
konyvkiadé, Budapest, 76 pp.

SJORs, H. (1950): Regional studies in North Swedish mire vegetation. — Boz. Noz. 2: 173-222.

SJORs, H. (1952): On the relation between vegetation and electrolites in North Swedish mire wa-
ters. — Oikos 2: 241-258. https://doi.org/10.2307/3564795

SjoRrs, H. and GUNNARSON, U. (2002): Calcium and pH in north and central Swedish mire waters.
—J. Ecol. 90: 650-657. https://doi.org/10.1046/j.1365-2745.2002.00701.x

SzUurDOKI, E. and NAGY, J. (2002): Sphagnum dominated mires and Sphagnum occurrences of
North-Hungary. — Fol. hist.-nat. Mus. Matr. 26: 67-84.

TAHVANAINEN, T., SALLANTAUS, T. and HEIKKILA, R. (2003): Seasonal variation of water chemi-
cal gradients in three boreal fens. — Ann. Bot. Fenn. 40: 345-355.

TAHVANAINEN, T., SALLANTAUS, T., HEIKKILA, R. and TOLONEN, K. (2002): Spatial variation
of mire surface water chemistry and vegetation in northeastern Finland. — Ann. Bot. Fenn.
39:235-251

UHERKOVICH, G. (1979): Az Ocsi Nagy-té limnolégidja. (Der Limnologie des Grossen Sees von
Ocs). — A Veszprém Megy. Miiz. Kozlem. 14: 25-53.

UHERKOVICH, G. (1981): A Szlirtihely-folyas (Barcsi-Borékds) tézegmohds tavacskédjanak algéi.
(On the algae of the pond “Szfirtihely-folyés” in the juniper woodland of Barcs, Hungary). —
Dundntili dolgozatok Term.tud. Sor. 2: 5-23.

VITT, D. H. and CHEE, W.-L. (1990): The relationship of vegetation of surface water chemistry and
peat chemistry in fens of Alberta, Canada. — Vegetatio 89: 87-105.
https://doi.org/10.1007/bf00032163

VITT, D. H. and SLACK, N. G. (1975): An analysis of the vegetation of Sphagnum-dominated ket-
tle-hole bogs in relation to environmental gradients. — Can. J. Bot. 53: 332-359.
https://doi.org/10.1139/b75-042

WiLLis, K. J., BRAUN, M., SUMEGI, P. and TOTH, A. (1997): Does soil change cause vegetation
change or vice versa? A temporal perspective from Hungary. — Ecology 78: 740-750.
https://doi.org/10.2307/2266054

ZAR,J. H. (1999): Biostatistical analyses. — Prentice Hall, New Jersey, 663 pp.

Zo6LyoM, B. (1931): A Biikkhegység kornyékének Sphagnum lapjai. (Vegetationsstudien an den
Sphagnummooren um das Biikkgebirge in Mittelungarn). — Boz. Kozlem. 28: 89-121.

(submitted 18.11.2017, accepted: 30.11.2017)

Studia bot. hung. 48(2), 2017



