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Abstract

Rasimavičius M., Naujalis J.R., Gudžinskas Z., 2023: Structure of Equisetum variegatum (Equisetaceae) populati-
ons in natural and anthropogenic habitats. – Botanica, 29(2): 96–109. https://doi.org/10.35513/Botlit.2023.2.7

Many native plant species colonise anthropogenic habitats, but relatively little information is available on the 
status and development of their populations under unusual conditions. The most reliable information on the 
status and performance of plants in particular habitats is obtained through population studies. The study aimed 
to determine the characteristics of Equisetum variegatum populations occurring in natural and anthropoge-
nic habitats. Nine coenopopulations of Equisetum variegatum occurring in natural and anthropogenic habitats 
were studied in four administrative districts (Kelmė, Lazdijai, Trakai and Varėna) of Lithuania. The ramet 
density, shoot height, total number of shoots and the number of fertile and sterile shoots and buds in a ramet 
were assessed. The density of Equisetum variegatum ramets was significantly higher in natural habitats than in 
anthropogenic habitats. The largest mean height of shoots was found in shrubland and shallow water habitats, 
whereas the largest mean number of all shoots, fertile shoots and buds in a ramet was recorded in dry sands. Old 
shoots in natural habitats comprised a significantly smaller portion (18.1%) of all shoots than in anthropogenic 
habitats (42.8%). Thus, all the studied traits can be used to evaluate the status of the populations. Long-term 
studies of Equisetum variegatum populations should be performed to determine how they change in response to 
the succession of natural and anthropogenic habitats. As the natural habitats of Equisetum variegatum decline, 
anthropogenic habitats may be considered the refugia for their populations.

Keywords: alkaline fens, aquatic habitats, clonal plant, fertile shoot, grasslands, ramet, refugia, sands, sterile 
shoot.

INTRODUCTION

Environmental changes caused by intense human 
activity affect all its components, from individuals 
and populations to habitats and ecosystems (DeAnge-
lis, Yurek, 2017; Mitchell & Whitney, 2018). Plants 
respond differently to anthropogenic environmental 
changes (Bazzaz, 1996). Plant species that are sensi-
tive to habitat changes and have low ecological plas-

ticity decline in population size or disappear entirely 
in a short time. Populations of species with high 
ecological plasticity adapt over time to the modified 
conditions and occupy heavily altered or completely 
new habitats, often significantly different from their 
natural habitats (Gratani, 2014; Martínez-Blancas et 
al., 2018; Vinton et al., 2022).

Plant species with high genetic, phenotypic and 
ecological plasticity can survive or even thrive in 
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habitats experiencing anthropogenic pressure of 
varying intensity (Coleman et al., 1994; Wade, 2003; 
Lavergne et al., 2005; Whitham et al., 2006). Studies 
over the last few decades have shown that habitats 
exposed to continuous human impact or anthropo-
genic pressure are becoming particularly important 
for the survival of some plant species (Gaston & 
Fuller, 2007; Jukonienė, 2008; Sykes et al., 2020). It 
has been observed that artificial habitats increasingly 
support plants that have been considered sensitive to 
anthropogenic pressures and that the populations es-
tablished in such habitats persist for a relatively long 
time (Rewicz et al., 2017, 2018; Fekete et al., 2019; 
Martín-Forés et al., 2022).

The most reliable information on the status and 
performance of plants in particular habitats is ob-
tained through population studies (Buckley & Puy, 
2022). Even single census studies of populations 
of a plant species under different habitat condi-
tions provide a substantial amount of information 
on the status of the populations and allow to make 
reasonable predictions about their future develop-
ment (Oostermeijer & Hartman, 2014; Gudžinskas 
& Rasimavičius, 2017). The assessment of changes 
in the demographic composition of plant populations 
and the state of individuals is essential both for as-
sessing the threat posed by alien species (Levin et 
al., 2019; Taura & Gudžinskas, 2020; Loomis, 2022) 
and for determining the need for conservation and 
management measures for rare and endangered na-
tive species (Žalneravičius & Gudžinskas, 2016; 
Gudžinskas & Taura, 2021; Kazlauskas et al., 2022; 
Ryla et al., 2022; Taura et al., 2022).

Plants of the genus Equisetum L. (Equisetace-
ae Rich. ex DC.) are often the subject of scientific 
studies; however, researchers have mainly focused 
on the taxonomy and evolution (Spatz & Emanns, 
2004; Guillon, 2004, 2007; Bennert et al., 2005; 
Husby, 2013), distribution (Kalinowski et al., 2016; 
Gudžinskas & Rasimavičius, 2017; Smith, 2023) and 
chemical composition (Currie & Perry, 2007; Law & 
Exley, 2011; Boeing et al., 2021) of species. Little 
research has been performed on the structure and de-
mographic composition of populations of the genus 
Equisetum, or only individual aspects of population 
structure have been assessed. Only studies on the 
population ecology of Equisetum arvense L., Equi-
setum fluviatile L. and Equisetum hyemale L. have 

gained a little more attention from researchers (Rutz 
& Farrar, 1984; Marshall, 1986; Marsh et al., 2000).

Although Equisetum variegatum Schleich. ex 
F.Weber & D.Mohr is a widespread species (Mer-
ryweather, 2020; Smith, 2023), its populations have 
so far been studied only very fragmentarily (Nauja-
lis, 1995; Czylok, 1997; Czylok & Rahmonov, 1998; 
Smith, 2023). This was among the reasons why the 
populations of Equisetum variegatum were chosen as 
the target of the study. In addition, it has been observed 
that Equisetum variegatum, formerly rare in Lithua-
nia and mostly occurring in wetlands, is increasingly 
found in anthropogenic habitats, particularly in ex-
cavated sand and gravel quarries (Rasimavičius & 
Naujalis, 2012). The study aimed to determine the 
characteristics of Equisetum variegatum populations 
occurring in natural and anthropogenic habitats. The 
following questions were addressed: (a) what is the 
density of ramets in different habitats and popula-
tions? (b) what is the shoot state and ramet structure 
in the studied populations and habitats? (c) what is 
the ratio of young and old shoots in the studied popu-
lations and habitats?

MATERIALS AND METHODS

Study species

Equisetum variegatum (Equisetaceae) is a rhi-
zomatous perennial plant with evergreen, usually 
unbranched, coarse shoots. The shoots are isomor-
phous, fertile or sterile, erect or decumbent, and rare-
ly prostrate. Equisetum variegatum is widespread in 
the northern hemisphere, occurring in most of Eu-
rope, northern regions of Asia and North America. 
It commonly grows in open and sunny sites. Typical 
habitats of Equisetum variegatum are alkaline fens, 
river, stream and lake shores, transitional mires, wet 
grasslands, upland scree and dune slacks. It is more 
frequent and abundant in the mountains than in the 
lowlands (Hackney, 1981; Machon et al., 2001; Mer-
ryweather, 2020; Smith, 2023). In Lithuania, the nat-
ural habitats of Equisetum variegatum are in alkaline 
fens, wet grasslands, lakeshores, and occasionally 
coastal dunes and sands. Still, it is also often found in 
anthropogenic habitats such as sand and gravel pits, 
along roads and railways, and in drainage ditches 
(Rasimavičius & Naujalis, 2012).
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Study sites

Nine coenopopulations of Equisetum variegatum, 
hereafter referred to as populations, were studied in 
four administrative districts (Kelmė, Lazdijai, Trakai 
and Varėna) of Lithuania. The studied Equisetum 
variegatum populations were named according to the 
nearest village or other place name (Table 1).

The Snaigynas population was studied on the 
northern shore of Lake Snaigynas (Lazdijai district, 
southern Lithuania). The population of Equisetum 
variegatum occupied a small area on a swampy shore 
of the lake, which was densely covered (coverage 
80%) with 2–3 m tall shrubland of Frangula alnus 
Mill. and Alnus glutinosa (L.) Gaertn. Equisetum 
variegatum formed a discontinuous stand composed 
of patches of various sizes.

The Kunigiškė population was studied in the vi-
cinity of Kunigiškė village (Kelmė district, northern 
Lithuania) in alkaline fen habitat. The surrounding 
habitat and a part of Equisetum variegatum stand 
were formerly regularly mown and sometimes grazed 
by livestock.

The Vilkokšnis population was studied on the 
southern shore of Lake Vilkokšnis (Trakai district, 
south-eastern Lithuania). At the study site, Equise-
tum variegatum grew in the alkaline fen on the shores 
of the lake and covered a relatively large area.

Three populations (Giraitė A, Giraitė B and 
Giraitė C) were studied in the former Giraitė sand 
quarry (Varėna district, southern Lithuania) in an-
thropogenic habitats. The first population of Equise-
tum variegatum (Giraitė A) was studied in a habitat 
of sparsely vegetated dry sands. The second studied 
population (Giraitė A) occurred in a dry sandy grass-
land. The third population of Equisetum variegatum 

(Giraitė C) was studied in a shallow water habitat 
formed at the bottom of the quarry. Equisetum vari-
egatum grew in the permanently flooded area, on av-
erage 10 cm deep.

Three populations (Beržupis A, Beržupis B and 
Beržupis C) were studied in the former (closed 
in 1977) Beržupis sand and gravel quarry (Varėna 
district, southern Lithuania) in anthropogenic habi-
tats. The first population of Equisetum variegatum 
(Beržupis A) was studied at the top of the south-
eastern slope, in a habitat of sparsely vegetated dry 
sands. The second population (Beržupis B) occurred 
in the middle part of the slope, in a dry grassland 
formed on gravel. The third population (Beržupis 
C) was selected in damp gravel at the bottom of the 
quarry. The area was covered with a dense (coverage 
80%) shrubland formed mainly by Salix cinerea L., 
Salix myrsinifolia Salisb. and Frangula alnus Mill.

Population studies

The field surveys of Equisetum variegatum popu-
lations were performed in July and August. The den-
sity and composition of the populations were inves-
tigated in sample plots of 1 m2. For each population, 
five sample plots were selected and examined (a total 
of 45 sample plots). The sample plot was delimited 
by a frame, and all Equisetum variegatum ramets 
growing within the delimited area were excavated, 
labelled and transported to the laboratory for further 
analysis.

Since Equisetum variegatum is a clonal plant, 
ramet (Fig. 1) was chosen as the reference unit. The 
ramet is a relatively independent component of the 
clone that can exist independently and has all the 
morphological constituents characteristic of the spe-

Table 1. Name, geographical location and habitat characteristics of the studied Equisetum variegatum populations. Abbrevia-
tions of habitat characteristics: A – anthropogenic habitat, N – natural habitat

No. Population name District Latitude (°N) Longitude (°E) Habitat characteristics
1. Snaigynas Lazdijai 54.10334 23.72756 N; shrubland
2. Kunigiškė Kelmė 55.78027 23.03921 N; alkaline fen
3. Vilkokšnis Trakai 54.50210 24.70489 N; alkaline fen
4. Giraitė A Varėna 54.27314 24.70174 A; sparsely vegetated dry sands
5. Giraitė B Varėna 54.27305 24.70233 A; dry sandy grassland
6. Giraitė C Varėna 54.27284 24.70488 A; shallow water body
7. Beržupis A Varėna 54.23504 24.59267 A; sparsely vegetated dry sands
8. Beržupis B Varėna 54.23505 24.59180 A; dry sandy grassland
9. Beržupis C Varėna 54.23510 24.59087 A; shrubland
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cies (Klimešová & Klimeš, 2008; Klimešová et al., 
2011; Goldberg et al., 2020).

Cleaned and separated ramets of Equisetum vari-
egatum from each sample plot were analysed sepa-
rately in the laboratory. Shoots and buds of each ram-
et were counted, and the height of the tallest shoot 
was measured. The height of the shoots was meas-
ured with a ruler to an accuracy of 1 mm.

Shoots of Equisetum variegatum were classified 
into sterile and fertile shoots (Fig. 1). Sterile shoots 
were those which did not have a strobile. Fertile 
shoots were those with a strobile at the apex. Shoots 
that had lost one or more apical metamers were not 
classified into sterile and fertile shoots. As the shoot 

of Equisetum variegatum ages, the apical metamers 
(strobiles, nodes and internodes) are the first to be 
lost, which is an essential diagnostic characteristic 
for determining the relative age of the shoot. Two 
age groups were distinguished based on the morpho-
logical characteristics of the shoots: young and old 
(Fig. 1). A shoot was considered young if it had all 
its morphological structures retained, with a clearly 
visible strobile or conical apex. A shoot was consid-
ered old if it had lost part of the metameres (nodes 
and internodes), but at least one metamere was above 
the soil level. Underground parts of Equisetum vari-
egatum ramets were also examined, and the number 
of dormant buds was counted.

Equisetum variegatum ramets collected from the 
studied populations were analysed in the laboratory 
of the Department of Botany and Genetics of the In-
stitute of Biosciences, Vilnius University. A part of 
the collected Equisetum variegatum specimens rep-
resenting each studied population was deposited at 
the Herbarium of Vilnius University (WI).

Statistical analyses

A total of 22457 Equisetum variegatum ramets 
were counted in all studied populations. Fifty ramets 
were measured and assessed from each study plot in 
each population, and their data were used for further 
analysis (a total of 250 ramets from each population 
and 2250 ramets from all nine populations). The ratio 
of young and old shoots in each population was cal-
culated using the assessment data of all shoots of the 
250 ramets (a total of 7464 shoots).

The Shapiro-Wilk test was used to assess the 
normality of the collected datasets. Some datasets 
(number of shoots in the ramet and shoot height) were 
normally distributed, while others were non-normal-
ly distributed. Therefore, the data were analysed by 
applying non-parametric methods. The results of the 
descriptive statistics on ramet density were presented 
as mean and standard deviation (mean ± SD), mini-
mum and maximum values and median. In contrast, 
the other results were presented only as mean and 
standard deviation. The datasets of the populations 
were compared by applying the Kruskal-Wallis H 
test. For pairwise comparison of ramet density, shoot 
height and number of shoots in a ramet, the Mann-
Whitney post hoc test was used. As the datasets on 

Fig. 1. The structure of Equisetum variegatum ramet: fertile 
shoot (a), sterile shoot (b), young shoot (c), old shoot (d) and 
bud (e)
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the number of fertile and sterile shoots and number 
of buds in a ramet contained many zeros, Dunnʼs 
post hoc test was used for pairwise comparison of 
populations. The calculations were computed, and 
the graphs were plotted using the Past 4.10 software 
(Hammer et al., 2001).

RESULTS

Ramet density

Analysis of the density of Equisetum variega-
tum ramets revealed that it was significantly higher 
(p = 0.008) in natural habitats (335.1 ± 228.6 ram-
ets/m2) than in anthropogenic habitats (172.4 ±  
155.0 ramets/m2). Even more remarkable differ-
ences were found when comparing the density of 
ramets by habitat type. The highest ramet density 
was found in natural alkaline fen habitats (451.3 ±  
186.4 ramets/m2), but it was not significantly dif-
ferent (p = 0.075) from anthropogenic dry grass-
land habitats (316.2 ± 161.4 ramets/m2). In anthro-
pogenic dry sands, the density of ramets (130.3 ±  
106.6 ramets/m2) was almost the same (p = 0.850) as in 
shrubland habitats (104.5 ± 59.6 ramets/m2). The low-
est ramet density was in the shallow water habitat (35.4 
± 19.2 ra mets/m2), but it was not significantly different  
(p = 0.058) from the ramet density in the anthropo-
genic dry sands.

The most remarkable mean density of Equisetum 
variegatum ramets was found in populations occur-
ring in natural alkaline fen habitats (Kunigiškė and 
Vilkokšnis). Lower density was recorded in anthro-
pogenic dry grassland habitats (Giraitė B and Beržu-
pis B), but the densities of ramets were not signifi-

cantly different (p > 0.05) from those in alkaline 
fens (Tab le 2). In shrubland habitats (Snaigynas and 
Beržupis C), the density of Equisetum variegatum 
ramets was significantly lower than in open alkaline 
fen and dry grassland habitats. The lowest density of 
ramets was found in populations of Equisetum vari-
egatum occurring in dry sands (Beržupis A) and shal-
low water (Giraitė C) habitats (Table 2).

Shoot height

The height of shoots in studied Equisetum vari-
egatum populations ranged from 2 cm to 44 cm, and 
the mean height of all shoots (n = 2250 ramets) was 
12.7 ± 7.0 cm. The most considerable mean height 
of Equisetum variegatum shoots (22.0 ± 7.3 cm) was 
found in the Snaigynas population, which occurred 
in a natural shrubland habitat. The mean shoot height 
in the Giraitė C population (20.8 ± 7.0 cm), which 
occurred in anthropogenic shallow water habitat, 
was significantly higher than in the other popula-
tions, although significantly lower (p = 0.026) than 
the mean shoot height in the Snaigynas population 
(Fig. 2). The mean shoot height of Equisetum vari-
egatum growing in open alkaline fen habitats (14.5 ± 
5.3 cm in Vilkokšnis and 12.1 ± 4.2 cm in Kunigiškė) 
was almost half that of plants growing in shrubland 
and water habitats. Still, their shoot height was sig-
nificantly higher than that of plants growing in open 
anthropogenic habitats (Fig. 2). The lowest mean 
shoot height of Equisetum variegatum was found 
in the Beržu pis B (7.2 ± 3.0 cm) population, which 
occupied anthropogenic dry grassland habitat. It is 
important to note that the mean shoot height was 
significantly different between all populations stud-

Table 2. Mean Equisetum variegatum ramet density (mean ± standard deviation; ramets in one m2), minimum, maximum and 
median in the studied populations. Different superscript letters indicate a significant difference (p < 0.05) between pairs of 
populations according to the Mann-Whitney post hoc test results

Population Habitat type Ramet density (mean ± SD) Minimum Maximum Median
Snaigynas Shrubland 102.8 ± 59.4ajl 61 202 77
Kunigiškė Alkaline fen 471.2 ± 235.4bko 310 888 380
Vilkokšnis Alkaline fen 431.4 ± 147.6cko 306 681 376
Giraitė A Dry sands 198.4 ± 109.4djo 66 366 180
Giraitė B Dry grassland 242.4 ± 143.6ejkno 98 460 220
Giraitė C Aquatic 35.4 ± 19.2fmn 14 56 30
Beržupis A Dry sands 62.2 ± 44.7gjlm 15 112 51
Beržupis B Dry grassland 390.0 ± 156.2ho 230 607 310
Beržupis C Shrubland 106.2 ± 66.8ijn 20 178 132
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ied, except for the Giraitė B (8.5 ± 3.4 cm) and the 
Beržupis A (8.7 ± 4.2 cm) populations (p = 0.550), 
occurring in dry sands and dry grassland habitats, re-
spectively.

The mean shoot height of Equisetum variegatum 
in natural habitats (16.2 ± 7.1 cm) was significantly 
higher (p < 0.001) than in all studied anthropogenic 
habitats (10.9 ± 6.3 cm). Significant differences (p < 
0.001) were also found in mean shoot height among 
all studied habitat types. Mean shoot height was 
ranked (in descending order) by habitats as follows: 
shallow water (20.8 ± 7.0 cm), scrubland (15.8 ± 
8.5 cm), alkaline fen (13.3 ± 4.9 cm), anthropogen-
ic dry sands (9.8 ± 4.2 cm) and anthropogenic dry 
grassland (7.8 ± 3.3 cm) habitats.

Ramet structure

Ramets of Equisetum variegatum had from 1 to 
28 shoots in the studied populations. The mean shoot 
number in a ramet was 3.3 ± 2.1 (n = 2250 ramets). 
The largest mean number of Equisetum variegatum 
shoots in a ramet was recorded in the Giraitė A (5.1 ± 
3.7 shoots) population, which occurred in dry sands 
(Fig. 3). The mean number of shoots in this popu-
lation was significantly more prominent than in all 

other studied populations. The number of shoots in 
a ramet in populations occurring in natural habitats 
was comparable to the number of shoots in anthro-
pogenic habitats. The mean number of shoots in the 
Snaigynas population (3.6 ± 2.1 shoots) occurring in 
shrubland was not significantly different (p = 0.162) 
from the Giraitė B population (3.1 ± 1.2 shoots), lo-
cated in anthropogenic grassland habitat. The mean 
number of shoots in a ramet of the Vilkokšnis popu-
lation (2.9 ± 1.2 shoots) occurring in an alkaline fen 
was not significantly different from the populations 
of Beržupis A (2.8 ± 0.9 shoots) and Beržupis B (3.0 
± 1.0 shoots) (p = 0.643 and p = 0.207, respectively) 
occurring in anthropogenic dry sands and dry grass-
land habitat (Fig. 3). The smallest mean number of 
shoots in a ramet was found in the Beržupis C popu-
lation (2.5 ± 0.6 shoots), which occurred in anthropo-
genic shrubland habitat. The mean shoot number in a 
ramet of Equisetum variegatum growing in a shallow 
water habitat in the Giraitė C population (4.2 ± 2.7 
shoots) was relatively high and significantly different 
from all other studied populations.

The mean number of all Equisetum variegatum 
shoots in a ramet in natural (3.0 ± 2.6 shoots) and 
anthropogenic habitats (3.5 ± 5.0 shoots) was signifi-
cantly different (p < 0.001). The most pronounced 

Fig. 2. Mean height of Equisetum variegatum shoots in the studied populations. Different letters above the whiskers indicate a 
significant difference (p < 0.05) between pairs of populations according to the Mann-Whitney post hoc test results
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mean number of shoots in a ramet was in the shallow 
water habitat (4.2 ± 2.7 shoots). A similar but signifi-
cantly lower (p = 0.003) mean number of shoots in 
a ramet was found in anthropogenic dry sands (4.0 ± 
2.9 shoots). The smallest number of shoots in a ram-
et was found in alkaline fen (2.7 ± 1.2 shoots) and 
shrubland (3.0 ± 1.7 shoots) habitats, and the mean 
number of shoots in a ramet was not significantly dif-

ferent between these habitat types (p = 0.092). Thus, 
the mean number of shoots in a ramet is significantly 
larger in anthropogenic habitats than in natural habi-
tats.

In the studied populations of Equisetum variega-
tum, ramets had from 0 to 10 fertile shoots. All ana-
lysed ramets (n = 2250) had a mean of 0.4 ± 0.8 fer-
tile shoots. The largest mean number of fertile shoots 

Fig. 3. Mean number of shoots in a ramet of Equisetum variegatum in the studied populations. Different letters above the 
whiskers indicate a significant difference (p < 0.05) between pairs of populations according to the Mann-Whitney post hoc test 
results

Fig. 4. Mean number of fertile shoots in a ramet of Equisetum variegatum in the studied populations. Different letters above the 
whiskers indicate a significant difference (p < 0.05) between population pairs, according to Dunn’s post hoc test results
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of Equisetum variegatum was found in the Giraitė 
A population (1.0 ± 1.5 shoots), which occurred in 
dry sands (Fig. 4). The number of fertile shoots in 
the shallow water habitat in the Giraitė C population 
(0.0 ± 0.1 shoots) was exceedingly small and signifi-
cantly smaller than the number of fertile shoots in 
all other studied populations. The number of fertile 
shoots was significantly larger (p < 0.001) in the 
Vilkokšnis population (0.6 ± 0.9 shoots) than in the 
Kunigiškė population (0.2 ± 0.5 shoots), even though 
both populations occurred in alkaline fen habitats 
(Fig. 4). Notably, the number of fertile shoots in the 
Vilkokšnis population was similar (p > 0.05) to the 
number of fertile shoots in the Beržupis A (0.4 ± 0.6 
shoots), Beržupis B (0.5 ± 0.7 shoots) and Beržupis C 
(0.5 ± 0.7 shoots) populations, all of which occurred 
in anthropogenic habitats.

The mean number of fertile shoots in a ramet of 
Equisetum variegatum in all natural habitats (0.3 ± 
0.6 shoots) was significantly smaller (p < 0.001) 
than in all anthropogenic habitats (0.5 ± 0.9 shoots). 
The largest mean number of fertile shoots in a ram-
et was found in the anthropogenic dry sands (0.7 ± 
1.2 shoots) and anthropogenic dry grassland (0.6 ± 
0.8 shoots) habitats, and there was no significant 
difference (p = 0.901) between the mean number of 
fertile shoots. The smallest mean number of fertile 
shoots in a ramet was in the shallow water habitat 
(0.0 ± 0.1 shoots).

Ramets of Equisetum variegatum had between 0 
and 13 sterile shoots in the studied populations. The 
mean number of sterile shoots in all the ramets ana-
lysed (n = 2250) was 1.3 ± 1.5. The most remark-
able mean number of sterile shoots was found in the 
Giraitė C population (2.6 ± 1.8 shoots), which occu-
pied anthropogenic shallow water habitat (Fig. 5). In 
the Vilkokšnis population (0.7 ± 0.9 shoots), which 
occurred in alkaline fen habitat, the mean number of 
sterile shoots of Equisetum variegatum ramets was 
not significantly different (p > 0.05) from the popu-
lations Beržupis A (0.8 ± 0.9 shoots) and Beržupis 
B (0.7 ± 0.8 shoots), occupying anthropogenic dry 
sands and dry grassland habitat, respectively. The 
mean number of sterile shoots (0.9 ± 0.8 shoots) in 
the ramets of the Kunigiškė population, which oc-
curred in a natural alkaline fen habitat, was almost 
the same (p = 0.822) as that of the Beržupis C (0.9 ± 
0.8 shoots) population, which occupied an anthro-
pogenic shrubland habitat (Fig. 5). Relatively large 
number of sterile shoots was observed in Equise-
tum variegatum ramets of the Snaigynas popula-
tion (1.7 ± 1.3 shoots), which occurred in a natural 
shrubland habitat. The mean number of sterile shoots 
in a ramet in this population significantly differed  
(p < 0.01) from all other studied populations.

The mean number of sterile shoots of Equise-
tum variegatum in a ramet in natural habitats (1.1 ± 
1.1 shoots) was significantly lower (p = 0.001) than 

Fig. 5. Mean number of sterile shoots in a ramet of Equisetum variegatum in the studied populations. Different letters above the 
whiskers indicate a significant difference (p < 0.05) between population pairs, according to Dunn’s post hoc test results
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in all anthropogenic habitats (1.4 ± 1.6 shoots). The 
most prominent mean number of sterile shoots in a 
ramet was found in the shallow water habitat (2.6 ± 
1.8 shoots), and the number of sterile shoots was sig-
nificantly larger (p < 0.001) than in all other habitats. 
In the alkaline fen (0.8 ± 0.8 shoots) and anthropo-
genic dry grassland (0.9 ± 1.0 shoots) habitats, the 
number of sterile shoots in a ramet was not signifi-
cantly different (p = 0.250). The mean number of 
sterile shoots in a ramet was similar (p = 0.726) be-
tween shrubland habitats (1.3 ± 1.2 shoots) and dry 
sands (1.6 ± 1.9 shoots).

The number of buds in a ramet ranged between 0 
and 4 in the studied populations of Equisetum vari-
egatum. The mean number of buds was 0.2 ± 0.4 in 
all the ramets analysed (n = 2250). The largest mean 
number of Equisetum variegatum buds in a ramet was 
recorded in the Beržupis B population (0.3 ± 0.7 buds), 
which occurred in anthropogenic dry grassland habi-
tat (Fig. 6). This population was significantly different  
(p < 0.05) by the mean number of buds in a ramet from 
all other studied populations. The smallest number of 
buds in a ramet was found in the Kunigiškė population 
(0.0 ± 0.2 buds), which occurred in alkaline fen habitat 
(Fig. 6). Ramets of this population had significantly 
fewer buds (p < 0.01) than ramets of all other stud-
ied populations, except for the Vilkokšnis population 
which occupied alkaline fen habitat.

The mean number of buds in a ramet of Equise-
tum variegatum growing in anthropogenic habitats 
(0.2 ± 0.5 buds) was significantly larger (p < 0.001) 
than in natural habitats (0.1 ± 0.4 buds). Analysis of 
the number of buds in a ramet from different habi-
tats revealed that the mean number was the same in 
shrubland, anthropogenic dry grassland and shallow 
water (all with 0.2 ± 0.5 buds) habitats. Only ramets 
of Equisetum variegatum occurring in alkaline fens 
(0.1 ± 0.3 buds) had significantly (p < 0.001) fewer 
buds than in all the other habitats.

Ratio of young and old shoots

Examination of the shoots comprising ramets of 
Equisetum variegatum according to their age groups 
revealed significant differences between populations 
(Fig. 7). In natural alkaline fen habitats, young shoots 
were predominant. In contrast, the fraction of old 
shoots was relatively small. Young shoots comprised 
88.6% of the total number of shoots analysed in the 
Vilkokšnis population and 83.6% in the Kunigiškė 
population, occurring in alkaline fen habitats. In the 
Snaigynas population, which occurred in a shrubland 
habitat, young shoots comprised 75.2% of the total 
number of shoots. In contrast, in the Giraitė A popu-
lation, which occurred in anthropogenic dry sands, 
young shoots comprised 72.4% (Fig. 7). In the popu-

Fig. 6. Mean number of buds in a ramet of Equisetum variegatum in the studied populations. Different letters above the 
whiskers indicate a significant difference (p < 0.05) between population pairs, according to Dunn’s post hoc test results
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lations of Beržupis A, Beržupis B and Beržupis C, 
occupying anthropogenic habitats, more than a half 
of the total number of shoots in the analysed Equise-
tum variegatum ramets were old (56.3%, 59.4% and 
50.8% of shoots, respectively).

Analysis of the ratio of young and old shoots of 
Equisetum variegatum in natural and anthropogen-
ic habitats revealed considerable differences. Old 
shoots in natural habitats comprised 18.1% of all 
shoots, while in anthropogenic habitats, they com-
prised 42.8%. Analysis of the proportion of old and 
young shoots by habitat type showed slightly differ-
ent patterns. The smallest percentage of old shoots 
(13.9%) was found in alkaline fen habitats, while the 
largest percentage was found in anthropogenic dry 
grassland habitats (49.5%). Old shoots comprised 
a similar proportion in shrublands, dry sands and 
shallow water habitats (38.9%, 38.2% and 36.3%, 
respectively). Thus, young shoots dominated in the 
alkaline fen habitats, whereas in the anthropogenic 
grassland habitats, the proportions of young and old 
shoots were approximately equal.

DISCUSSION

Equisetum variegatum is a species characteristic 
of alkaline and spring fens, transitional mires and 
other permanently wet habitats (Machon et al., 2001; 
Kaplan et al., 2020; Smith, 2023). Since human activi-
ties have significantly reduced natural habitats, Equi-
setum variegatum is increasingly inhabiting anthro-

pogenic environments, mainly sand and gravel pits, 
ditches and railway embankments (Rasimavičius & 
Naujalis, 2012; Świerkosz & Reczyńska, 2017; Ka-
plan et al., 2020; Smith, 2023). A study performed 
more than a decade ago showed that only 30% of the 
known populations in Lithuania occupy natural habi-
tats. In contrast, the rest of the populations occur in 
heavily modified or artificial habitats (Rasimavičius 
& Naujalis, 2012). Therefore, the present study was 
initiated to determine whether there are differences 
between the composition of Equisetum variegatum 
populations and the ramet structure in natural and an-
thropogenic habitats.

The results of the Equisetum variegatum popu-
lation analysis showed that the highest density of 
ramets was found in open alkaline fen habitats. Nev-
ertheless, there were no significant differences in 
the density of ramets between the individual popula-
tions studied in the alkaline fen and anthropogenic 
dry grassland habitats. Low ramet density was found 
in natural and anthropogenic habitats with dense 
shrubs (coverage was about 80%). Thus, it can be 
concluded that the density of Equisetum variegatum 
ramets is strongly influenced by the amount of sun-
light reaching the herb layer. Equisetum variegatum 
is a light-loving plant (Merryweather, 2020; Smith, 
2023); therefore, the most favourable conditions for 
its growth occur in open habitats, whereas in the case 
of a lack of light in scrubland habitats, the popula-
tion of these clonal plants decline. Still, they persist 
for quite a long time. Shrub encroachment in alkaline 

Fig. 7. The ratio of young to old shoots (%) in the studied populations of Equisetum variegatum
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fen and wet dune slack habitats is considered a sig-
nificant threat to Equisetum variegatum populations 
in many European countries (Machon et al., 2001; 
Kaplan et al., 2020; Smith, 2023).

The density of Equisetum variegatum ramets was 
lowest in anthropogenic dry sands and shallow water 
habitats. Both habitats are unusual for the species, 
but long rhizomatous Equisetum variegatum, when 
established, can form stands and persist for a long 
time. The significantly lower density of ramets in 
anthropogenic dry sands than in anthropogenic dry 
grassland habitats may have also been influenced by 
differences in the age of clones. Unfortunately, the 
age of establishment of any studied population was 
not known. It can only be assumed that the popu-
lations in natural habitats have been established for 
a long time. In contrast, in anthropogenic habitats, 
they were established only after the end of sand and 
gravel quarrying about four decades ago. The den-
sity of Equisetum variegatum in the anthropogenic 
grassland of the Beržupis quarry was studied in the 
late 1980s, and a mean density of 17 ramets/m2 was 
found (Naujalis, 1995). The study, conducted three 
decades later, revealed a significantly higher mean 
density of ramets, suggesting that their density in-
creases as the population ages. Results obtained on 
the ramet density of Equisetum variegatum cannot be 
compared with ramet density in other regions, as no 
results of similar studies have been published.

The analysis of the shoot height of Equisetum var-
iegatum revealed that the tallest shoots were found 
in extreme habitat conditions, in shrubland and shal-
low water habitats. Very tall shoots are an indicator of 
unfavourable growing conditions, mainly insufficient 
light. This assumption is supported by the low number 
of fertile shoots in the ramets under light stress. Even 
fewer fertile shoots were present in the shallow water 
habitat. The results of this study support the asser-
tion that the stability of Equisetum variegatum pop-
ulations is being threatened by shrub encroachment 
(Smith, 2023). Conversely, exceptionally low shoots 
also indicate that habitat conditions are unfavourable 
for the plant. The lowest shoots were found in anthro-
pogenic dry sands with constant water deficits. It is 
essential to highlight that the plants had significantly 
more fertile shoots in permanently dry habitats. This 
suggests that Equisetum variegatum, like other plants, 
allocates more energy to reproduction under condi-

tions of permanent environmental stress (Cramer et 
al., 2011; Prasch & Sonnewald, 2015).

The results of this study suggest that natural alka-
line fen habitats are the most favourable for Equise-
tum variegatum. In anthropogenic habitats, the status 
of populations varies considerably and depends on 
several factors such as moisture availability, light 
levels and the age of the population. Indicators of 
a favourable status of Equisetum variegatum popu-
lations may include a high density of ramets and a 
higher proportion of young shoots than old shoots. 
A significantly higher or lower than the mean shoot 
height, a high total number of shoots in a ramet and 
a high number of fertile shoots may indicate environ-
mental stress to which Equisetum variegatum is ex-
posed. Long-term studies of Equisetum variegatum 
populations should be performed to determine how 
they change in response to the succession of natural 
and anthropogenic habitats. As the natural habitats of 
Equisetum variegatum decline, anthropogenic habi-
tats may be considered the refugia for their popula-
tions.
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