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21 Abstract: The research carried out concerned the laboratory assessment of the applicability of the
22 Crop Water Stress Index (CWSI) as a practical tool for assessing the risk of desiccation for selected
23 wetland habitats: transition mires and quaking bogs as well as alkaline fens. The analysis was
24 carried out on 3 soil samples with a vegetation cover (with the dimensions of 40x40x30 cm) collected
25 during the full vegetation season for each mentioned habitat, with a characteristic species
26 composition. Experimental research was carried out between 17t May 2018 and 19t June 2018.
27 Thermal, RGB and multispectral images, chlorophyll content, volumetric soil moisture, air
28 temperature and relative humidity measurements were taken for each sample every two days. The
29 obtained results clearly indicate the dependence between CWSI and plant condition parameters in
30 the first phase of desiccation. At the same time, as a result of the observations taken, thresholds have
31 been set, indicating different desiccation phases.
32 Keywords: drought, water management, thermal remote sensing, habitats protection, land surface
33 temperature, CWSI
34

35 1. Introduction

36 Soil drought is a state of water deficit in the root zone of plants. This condition constitutes a
37  factor limiting plant growth [1]. In the case of organic soils, such as peats building valuable wetland
38  habitats, the occurrence of long-lasting soil drought episodes contributes to the permanent change of
39  the physical properties of the organic soils and consequently succession changes in wetland habitats.
40  The long-term lowering of the groundwater table leads to: the consolidation process [2]an
41  acceleration of the mineralization of organic matter, and as a consequence, to an increase in the
42 emission of gaseous decomposition products, such as carbon dioxide. This phenomenon was
43 described by various authors, including [3-5].

44 Another threat to valuable wetland habitats resulting from a long-term drought period is the
45  change in habitat conditions, e.g. volumetric soil moisture, and consequently, the disturbance of the
46  existing dominance structure of species composition in the plant communities inhabiting a given
47  patch [6,7]. In a drastic case, it is even possible for the present habitat to transform into another, more
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48  xerophilic one [8]. In connection with the change of habitat conditions prevailing within a given
49  patch, there is also a threat of entry of alien species [9].

50 By 2100, the frequency of droughts in Europe is expected to increase. The largest increase relates
51  to summer droughts as well as autumn and spring droughts in southern Europe and the Iberian
52 Peninsula. However, the increase in the frequency of droughts throughout the year is expected to
53  take place all over Europe [10]. Up to 2050, an increase in the deficit of precipitation and,
54 consequently, the frequency and magnitude of droughts is forecasted [11].

55 Due to the growing risk of drought, there is a need to develop indicators allowing to identify
56  areas exposed to degradation resulting from the particular intensity of this phenomenon [12]. As a
57  consequence, numerous indices have been developed in order to detect and quantify the
58  phenomenon of drought. The most popular include meteorological drought indicators like:
59  Standardized Precipitation Index [13-16], Relative Precipitation Index [17], Effective Drought Index
60 [18-20], Climatic Water Balance [12], Standardized Climatic Water Balance [21] and soil drought
61 indicators like: the Soil Moisture Index [22,23] or the Crop Water Stress Index [24,25].

62 The Crop Water Stress Index (CWSI) has gained significant popularity due to its practical
63  implementation in agriculture. It is an index with wide possibilities in this field, used to assess the
64  needs of irrigation on agricultural and horticultural crops, and at the same time this index has been
65 examined in detail in regard to, cereal crops [26, 27], soy [28, 29], vegetables [30, 31], sugar beet [32],
66  grapes [33], or olive and fruit trees [34, 35] among others. In order to carry out calculations, this index
67  requires measurements of i.a. land surface temperature (LST), which based on thermal infrared
68  imaging (TIR), is currently one of the dynamically developed technologies. Its development involves
69  the use of thermal sensors mounted on various platforms operating on the satellite [28], airborne [36]
70 and UAV ceiling [33, 35, 37].

71 Agricultural areas are well recognized for the use of CWS], including the dependence of the
72 index value and the observed drying risk levels [26, 28, 30]. However, these are usually monocultural
73 habitats with little water stress flexibility. On the other hand, there is a lack of research on habitats
74 with heterogeneous species composition, such as natural habitats, including wetland habitats. It can
75  Dbe presumed that in this case, the reaction of plants subjected to the stress factor will be
76  inhomogeneous in space, dependent on the local species composition and the structure of
77  domination. Plant species in wetland habitats, characterized by a shallow location of the groundwater
78  table even in drought conditions, may react differently to a periodic water shortage. In this case,
79  CWSI during the shortage period will have a different course for each plant species and could be
80  hard to interpret.

81 The aim of the study presented in this paper is to examine the course of CWSI values as a
82  response to water stress of natural habitats with high and distinct species diversity, developed on
83  organic soils with high sensitivity to water content reduction. Transition mires and quaking bogs and
84  alkaline fens were selected for the analysis. Firstly, representative soil samples together with covering
85  vegetation were extracted from each of the habitats and transported to the laboratory. Secondly, soil
86  moisture changes in time occurring as a result of evapotranspiration were observed for each sample
87  during one month along with measurements of meteorological parameters and plant condition
88  indices for detection of physiological changes. Thermal and RGB images were simultaneously
89  acquired.

90 2. Materials and Methods

91 2.1. CWSI, the basics and limitations of the method

92 CWESI (the value ranges from -1 to 1) is determined on the basis of measurements of the surface
93 temperature of plants and basic meteorological parameters (temperature and relative humidity of the
94 air). For its calculation, it is necessary to determine the non-water stress baseline (NWSB) for the
95  examined habitats, which is a linear relationship that exists between vegetation-air temperature
96  differential and air vapor pressure deficit (VPD) for plants in optimal water conditions [38].
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dT=a:VPD+b, (1)

97 Knowing the parameters a and b (linear equation parameters) of the NWSB, CWSI is calculated
98  using the following formula:

CWSI=(d Tm-d Trr)/(dTur-d Tin), (2)

99  where: dT - difference between the temperature of vegetation and air, subscripts: m, LL and UL refer
100  to the measured, lower and upper dT limit respectively. dTi. and dTu. are calculated from the
101 following formulas [39]:

dTi=a-VPD+b, 3)

dTui=a-VPG+b, )

102 where: VPD (KPa) - air vapor pressure deficit, VPG (KPa) — air vapor pressure gradient determined
103 as the difference between the saturation water vapor pressure at a given air temperature and the
104  saturation water vapor pressure at an air temperature elevated by the coefficient “b”.

105 In this study NWSB for transition mires and quaking bogs: dT=-7.42-VPD+16.3, and for alkaline
106  fens: dT=-11.63-VPD+21.3 determined by [40] are used. The measurements necessary to determine
107  the CWSI should take place in proper meteorological conditions, such as: wind speed bellow 5 m-s-
108 1, clear sky and high air temperature (above 20 °C) [33, 41].

109 2.2. Assumptions of the experiment

110 It was assumed that the experiment will allow to determine desiccation thresholds due to water
111 shortage by continuous observation of changes in CWSI values, habitat condition indicators such as
112 soil moisture and chlorophyll content and plant species composition. On their basis, it is possible to
113 determine the range of the index value, in which the habitat is in optimal soil moisture conditions, as
114 well as the period when the habitat begins to dry out due to water shortage (initial drying phase) and
115  the moment when the habitat is dried up due to a longer period of water shortage.

116  2.3. Sampling

117 For the purposes of the experiment, samples of transition mires and quaking bogs and alkaline
118  fens were collected in triplicate. Each habitat sample was characterized by a different species
119  composition, which was typical for the examined habitats. This allowed the analysis of the impact of
120 local species composition on the CWSL.

121 Coverage of each plant genus was evaluated in the field using the geobotanical method [42]
122 under optimal soil moisture conditions before sampling. The plant species with their frequency are
123 shown in Table Al.

124 The samples of transition mires and quaking bogs were extracted in Lasy Janowskie Landscape
125  Park on two overgrown ponds (Figure 1A) with the domination of Eriophorum angustifolium (L1),
126 Carex lasiocarpa with Oxycoccus palustris (L2) and Carex lasiocarpa (L3). The samples of alkaline fens
127  were extracted in Biebrza National Park (Figure 1B) with the domination of Menyanthes trifoliata with
128  low participation of mosses (B1, B3) and Carex rostrata (B2).
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130  Figure 1. Location of research areas in Poland (A) and sample sites in Lasy Janowskie Landscape Park
131 (L) - (coordinates of L1:  716013.630E, 324183.511N) and Biebrza National Park (B) - (B1: 786030.925E,
132 660308.047N)

133 The collected peat samples with a square size of 40x40 cm and a depth of 30 cm were transferred
134 to alaboratory, where they were stored under controlled conditions. After transporting, the samples
135 were supplied with water taken from the parent area and then maintained with no access to
136  precipitation. In this way, the process of long-term drying of the analyzed habitats was simulated.
137  Additionally, soil samples were taken to determine full water capacity (6 s).

138  2.4. Course of the experiment

139 The experimental research was carried out between 17t May 2018 and 19t June 2018. The
140  following observations were carried out during the experiment:

141 e  Volumetric soil moisture (VSM)

142 e Air temperature (AT)

143 e Relative humidity (RH)

144 e Chlorophyll content (CC)

145 e Description of botanical composition (BC)

146 e Visible imaging (RGB)

147 e Multispectral imaging (MS)

148 e  Thermal imaging (land surface temperature, LST)

149

150  Based on observations following indicators were prepared:

151 e Crop Water Stress Index (CWSI)

152 e Percentage of living plants (PLP)

153 e Normalized Difference Vegetation Index (NDVI)

154 e Desiccation thresholds (DT)

155 e Critical volumetric soil moisture (VSMC).

156 Meteorological parameters (AT, RH) were measured continuously using the HOBO U23 Pro v2
157  Temperature/Relative Moisture Data Logger sensor (Onset®, USA), which was placed at a height of
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158 2 m in a cover protecting it from direct radiation and precipitation. The sensor recorded data with a
159  10-minute time step. The rest of the listed parameters were measured once per two days.

160 The weight method was used to estimate VSM. The assumption was made that the change in
161  the mass of the sample corresponds to the change in the VSM. The initial VSM, measured after the
162 filling the sample with water was considered to be equal to the s.

163 For each sample CC was observed for up to 3 species characterized by the biggest coverage.
164  Observations were performed in the 16 square elementary areas (Figure 2) with a side of 10 cm. The
165  CCM-300 (Opti-sciences, inc., USA) instrument was used to measure the chlorophyll content (CC).
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166 Figure 2. An exemplary square grid (red net) used in the experiment (RGB image of L2 sample)

167 At the beginning and at the end of experiment botanical composition was determined by a
168  botanist. The species layers and coverage were determined (shown in Table A1).

169 RGB and MS imaging were performed using Sequoia camera (Parrot Drones, SAS, France)

170  placed on the fixed height equal to 1.5 m above the sample surface. On the basis of visual analysis of
171  RGB images, a base of reference polygons was created, which was then used to classify images. The
172 Maximum Likelihood classifier was used [43]. In this way, pixels representing living and dry parts
173 of plants were identified (PLP). The classification was performed based reference polygons (classes:
174  living plants, dried plants, background) were split into training and validation subpopulations.
175  Results characterized by kappa not less than 0.8 were included for further analyses.

176 Based on MS images NDVI was calculated for selected dates according to formula 5.

NDVI=(NIR-RED)/(NIR+RED), )

177  where: NIR - near-infrared brightness, RED - red brightness.

178 The LST was measured using the P1640 thermal camera (Optris, GmbH, Germany) at the fixed
179  height equal to 1.5 m above the sample surface. Using mean LST for each elementary area as well as
180 AT and RH, based on 1-4 formulas, NWSB and further CWSI was determined.

181 Based on the results of VSM, CC, BC, RGB and MS observations the desiccation thresholds (DT)
182  were determined for each of the six samples based on trend analysis of the described features.

183 3. Results

184 The first part of the chapter presents the dynamics of the observed quantities (VSM, CWSI, CC,
185  BC, PLP, NDVI) along with their analysis. The next part presents the methodology for determining
186  the desiccation threshold (DT) and desiccation phases.

187  3.1.VSM

188 During the experiment, VSM in habitat alkaline fens decreases from the level of approximately
189  0.90 m3* m=3 to approx. 0.50-0.60 m? * m3, 16.0 — 18.5 kg loss of weight (Figure 3). VSM in transition
190  mires and quaking bogs decreases from the level of approx. 0.95 m3 * m=3 to approx. 0.65-0.70 m3 * m-
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191  3,10.5-13.55 kg loss of weight (Figure 3). A clearly outlying value of VSM was observed in the case
192 of sample L3, which was collected from the smaller northern pond, more exposed to fluctuations in
193 the groundwater table (Figure 3).
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195 Figure 3. The Cumulative loss of weight and VSM dynamics in alkaline fens (top panel) and transition
196 mires and quaking bogs (bottom panel) habitat samples.
197  3.2.CWSI
198 The CWSI dynamics were presented in the form of a box plot for 16 elementary areas. For
199  transition mires and quaking bogs, the CWSI dynamics are similar for samples L1 and L2, which were
200  collected on the southern pond. A change from approx. -0.3 (good moisture condition) to ca. 0.2
201  (drying state) is observed. Sample 3 changes from -0.2 (good moisture condition) to ca. 0.19 (drying
202 state) (Figure 4).
203 The CWSI dynamics for alkaline fens is similar for each of the analyzed samples. A change from
204  ca.-0.18 (good moisture condition) to ca. 0.15 (drying state) is observed (Figure 4).
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206  Figure 4. The CWSI dynamics observed in alkaline fens (top panel) and transition mires and quaking
207  bogs (bottom panel) habitat samples. Boxes present CWSI measured in 16 elementary areas. Gray
208  boxes represent CWSI observed on cloudy days (they were rejected from the population used for
209  trend analysis due to improper conditions during the observation). Box edges show 25t and 75t
210  quartile, horizontal line inside the box shows median, whiskers and caps shows all others non-outlier
211  data points.

212 3.3.CC

213 The CC dynamics were presented in the form of a box plot from 16 elementary areas for both
214 herbaceous layers (Figure 5) and mosses (Figure 6).

215 During the experiment, the mean CC measured for both vegetation layers in transition mires

216  and quaking bogs decreased by 20 mg * m? for samples 2 and 3, while the decrease of this value was
217  lower in the case of sample 1, amounting to approx. 10 mg * m?2 (Figure 5).

218 In turn, the average CC measured for both vegetation layers in alkaline fens decreased by 15 mg
219  *m?for samples 1 and 3. In the first part of the experiment (until the 19*day of observations) in the
220  case of sample 2, a decrease by 20 mg * m? is visible, followed by an increase related to the
221  development of Filipendula ulmaria. This species began colonizing the sample around 22t day of
222 observations and caused an increase in the average CC for the sample up to the level of approx. 230
223 mg* m2 The most visible decrease of CC was observed in mosses layer (Figure 5).
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226  Figure 5. The CC dynamics observed in alkaline fens (top panel) and transition mires and quaking
227  bogs (bottom panel) habitat samples for both mosses and herbaceous layers. Boxes present CC
228  measured for all observed species in mosses and herbaceous layers in 16 elementary areas. Box edges
229  show 25% and 75t quartile, horizontal line inside the box shows median, whiskers and caps shows
230  all others non-outlier data points.

231 During the experiment, the most visible decrease of CC was observed in case of mosses layer
232 (Figure 6). The CC for alkaline fens was possible to observe until the 12t day of the experiment,
233 during which continuous decrease is visible (Figure6). After 12t day gained signal was too weak to
234 registrate CC. In turn, for transition mires and quaking bogs, CC was decreasing slowly until the 10t
235  day of observations. After the 10t day, the abrupt reduction of the value was observed. Starting on
236  the 20 day of observations, the signal gain of CC was outside the device range (Figure 6).
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238  Figure 6. The CC dynamics observed in alkaline fens (top panel) and transition mires and quaking

239 bogs (bottom panel) habitat samples for mosses layer. Boxes present CC measured in mosses layer
240  in 16 elementary areas. Box edges show 25t and 75t quartile, horizontal line inside the box shows
241  median, whiskers and caps shows all others non-outlier data points.

242 34.BC

243 Living mosses coverage in transition mire samples decreased in L1 and L3 (from 49% to 0%) and
244 12 (from 60% to 0%). Changes in herbaceous plants coverage vary between samples. Decrease was
245  identified in L2 (from 46% to 31%) and L3 (from 41% to 40%). The increase was identified in L1 (from
246  33% to 36%). This sample was dominated by Eriophorum vaginatum (Figure 7).

247 Living mosses coverage in alkaline fens samples decreased in B1 (from 48% to 37%) and B3 (from
248  58% to 50%). Increase was identified in B2 (from 56% to 57%), where Campylium sp. was substituted
249 by Limprichtia sp. Changes in herbaceous plants coverage vary between samples. Decrease was
250  identified in B2 (from 42% to 34%) and B3 (from 49% to 22%). No significant change was identified
251  in Bl (fixed at 51%) (Figure 7).
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253  Figure 7. Plant layers’ coverage observed in alkaline fens (B) and transition mires and quaking bogs
254 (L) habitat samples (M - moss layer, H - herbaceous layer).

255  3.5.PLP

256 In the case of samples for transition mires and quaking bogs, the decrease in the share of pixels
257  classified as living parts of plants in the first phase of the experiment (until around 13t day of
258  observations) is not less than 30 percentage points. A greater decrease in the share of pixels classified
259  asliving parts of plants is demonstrated in samples 2 and 3 (a decrease of ca. 40 percentage points)
260  (Figure 8). In the second half of the experiment, the share of pixels classified as living parts of plants
261  slightly increases and then stabilizes to ca. 42% (Figure 8).

262 In the case of alkaline fens, the change in the share of pixels classified as living parts of plants in
263  the first phase of the experiment (until around 4t day of observations) strongly depends on the
264  sample. The similarity is primarily visible between samples 1 (decrease 28 percentage points) and 3
265  (decrease 26 percentage points) (Figure 9). Sample 2 shows an increase in the share of pixels classified
266  as living parts of plants associated with the development of Thelypteris palustris (increase 20
267  percentage points) (Figure 8). After reaching a local maximum of ca. 60%, a decrease in is then
268  observed, related to the inhibition of the development of Thelypteris palustris and further dying of
269  individuals of the Carex sp. (Figure 8).
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272  Figure 8. The changes of PLP area observed in alkaline fens (top panel) and transition mires and
273  quaking bogs (bottom panel) habitat samples. Boxes present percentage of living plants calculated
274  in 16 elementary areas. Box edges show 25thand 75t quartile, horizontal line inside the box shows
275  median, whiskers and caps shows all others non-outlier data points.

276  3.6.NDVI

277 NDVI of transition mires and quaking bogs decrease until the 10t day of observations. After
278  the 10 day of observations, the median value of the NDVI was stabilized on level c.a. 0.3. (Figure
279  9). NDVI of alkaline fens decrease until the 8t day of observations. After the 10tday of

280  observations, the median value of the NDVI was stabilized on level c.a. 0.4 which (Figure 9).
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282  Figure 9. The NDVI dynamics observed in transition mires and quaking bogs (L1 sample presented
283  on top panel) and alkaline fens (B2 sample presented on bottom panel).

284 3.7.DT

285 The decrease in CC, PLP and NDVI in the beginning (from start to the 8t day in case of alkaline
286  fens and to the 10t day in case of transition mires and quaking bogs) of the experiment is related to
287  thehigh increase of CWSI (Table 1). Linear dependence between VSM and CC can be observed at this
288  step. In a consequence of this, an abrupt in CC of mosses layer is a good indicator of the first phase
289  of desiccation (I DT) (Figure 10).

290 Later changes in CC, PLP and NDVI are weaker not related to changes in VSM. Depending on
291  the specific plant composition of the sample possible increase of overall plants condition, can be
292  related to the development of plants more resistant to water stress. On the other hand, CWSI is
293  stabilizing around the specific value for each habitat (alkaline fens: 0.15, transition mires and quaking
294 bogs: 0.10). The day-by-day increase in a CWSI value lower than 10% was used as the II DT (Figure
295 10).
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The I DT in transition mires and quaking bogs (equal to 0) and in alkaline fens (equal to 0.02)
represents the initial phase of desiccation (Table 1, Table 2). The II DT equal to 0.12 in transition
mires and quaking bogs and 0.08 in alkaline fens represents the phase of drought (Table 1, Table 2).

Table 1. Juxtaposition of analyzed biophysical indicators.

reprints201812.0139.v1

Alkaline fens Transition mires and quaking bogs

IDT IDTday DT value IIDT IDT IDT IIDT IIDT

value day value day value day
CCwmn 240 7 227 12 - - 228 20
CCwm 273 5 266 12 282 8 275 20
PLP 56 8 40 12 39 10 40 20
NDVI 0,27 6 0,35 12 0,17 8 0,41 18
CWSI -0,01 5 0,08 10 -0,02 7 0,10 16

! MH - mosses and herbaceous plants layer, M - mosses layer.
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307 Table 2. DT determined based on CC and CWSI dynamics
Desiccation phase Transition mires and quaking bogs Alkaline fens
Optimum <-0.02 <-0.01
Initial phase of desiccation -0.02-0.12 -0.01-0.08
Drought >0.10 >0.08
308 The obtained results indicate the nonlinear relation of CWSI and habitat condition indicator,

309  which is described by BC. The course of dependence is related to VSM and the strength of this
310  relation decreases as the value of VSM is approaching the VSMc. CC, PLP and NDVI dynamics at
311  theIphase of desiccation are good indicators, which enable to designate I DT. This is due to the
312 similar dynamics of these quantities in the first phase of desiccation.

313 4. Discussion

314 Desiccation thresholds are critical values, which indicate a beginning of two desiccation phases.
315  The first DT refers to the occurrence of symptoms of weakening plants sensitive to water stress. The
316  second DT is associated with deep drainage of the soil.

317 As a result of the conducted research, it was possible to confirm the issue of the relationship
318  between the land surface temperature with vegetation condition and drying known from the
319  literature [38,39]. Due to the fact that such dependence has never been described before for wetland
320  habitats - transition mires and quaking bogs and alkaline fens - the results should be considered
321  important for the discussion on the possibilities of the widespread use of CWSI. The results of the
322 conducted research indicate the possibility of using CWSI on non-agricultural sites [40, 44]. In this
323 case, it should be understanding as a Habitat Water Stress Index.

324 The obtained results indicate the diverse sensitivity of wetland habitats to desiccation. Alkaline
325  fens are characterized by approximately constant DT values, regardless of the botanical composition
326  (Figure 3, Table Al). The DT values are much more dependent on the botanical composition in
327  transition mires and quaking bogs. The presence of Oxycoccus palustris (sample L2) is associated with
328  an earlier occurrence of desiccation phases. The CWSI dynamics curve in the first phase is
329  characterized by higher steepness.

330 The different sensitivity of mentioned habitats to desiccation described by the CWSI may be
331  related to the different structure of the mosses layer. In the case of transition mires and quaking bogs,
332 it has a much higher water storage capacity, and therefore the drying rate will be lower than in case
333 of alkaline fens, which results in the later occurrence of DT (Figure 3, Table 1). A longer period of
334  moss vitality is a proof the greater ability to store water in transition mires and quaking bogs than in
335  alkaline fens (Figure 5).

336 Alkaline fens subject to faster drying early changes the botanical composition. It is associated
337  with the emergence of new plant species germinating from the seed base, better adapted to the new
338  conditions and is illustrated by the increase in the value of CC, PLP and NDVI. This phenomenon is
339  observed in alkaline fens (Table A1).

340 Weaknesses of the described method include sensitivity to weather conditions when measuring
341  LST among others. Due to the fact that DT and the NWSB are habitat specific, it is recommended for
342  habitats other than transition mires and quaking bogs and alkaline fens to perform similar laboratory
343 experiment.

344 CWSI may be used in remote sensing wetland communities, allowing identification of areas that
345  require the development of conservation strategy. For this purpose, it is to know DT. In the case of
346  different type of wetland habitat, it is necessary to determine DT. Further research into the use of
347  CWSlin habitats such as transition mires and quaking bogs and alkaline fens may allow the modeling
348  of treatment efficiency in wetlands [45].

349 5. Conclusions
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350 e Desiccation thresholds are approximately constant for the habitat but could be related to
351  botanical composition.

352 e The CWSI method developed on the basis of thermal data in the laboratory turned out to be a
353  simple method of assessing the desiccation of wetland habitats based on its biophysical properties.
354  Its universality manifests itself in that it gives a result regardless of the species composition of the
355  habitat.

356 ¢ CWSIdynamics shows clearly that transition mires and quaking bogs are more vulnerable to the
357  desiccation process, as they have a higher range of CWSI than alkaline fens.

358 e Application of the described method in different habitat requires DT and NWSB designation.
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369  Appendix A

370  Table 1. Coverage of plant taxons at the beginning and at the end of observations (M - mosses layer,
371  H - herbaceous layer)
372

L1 L2 L3 B1 B2 B3

Plant name <
<

aun|(
Aey
aun|(
AeN
aun|(
Aey
aun|(
Aey
aun|(
Aey
aun|(

Sphagnum
sp.
Campylium
sp.
Limprichtia
sp.
Oxycoccus
palustris
Eriophorum
angustifolium

49 - 59 - 49 - - - - - - -

31 32 10 7 13 14 - - - - - -

Carex
lasiocarpa
Agrostis
gigantea
Cardamine
amara
Carex dioica - - - - - - 7 5 - - - -
Carex
diandra
Carex flava - - - - - - - - 6 3 - -
Carex
lasiocarpa
Carex
H  panicea i ) ) ) ) ) )
Carex
rostrata
Comarum
palustre
Thelypteris
palustris
Equisetum
fluviatile
Eriophorum
latifolium
Filipendula
ulmaria
Galium
uliginosum
Geum rivale - - - - - - - - 1 - - -
Lysymachia
thrysiflora
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Menyanthes
trifoliata
Phragmites
australis
Salix
rosmarinifolia
Stachys
palustris
Salix cinerea - - - - - - - - - - - 1
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