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Abstract

This study aimed to evaluate the effect of forest roadside on plant diversity and composition in the Hyrcanian temperate forest
of northern Iran. To collect vegetation data, 116 rectangular sampling plots were established at two microhabitats (i.e., cut
and fill slopes) of forest roads. For both microhabitats, the highest life form belonged to hemicryptophytes. Among the 85
identified species, 58 were native, 12 invasive, 9 potentially invasive, 5 pioneer, and 1 exotic. On the roadside microhabitats,
the ground cover of the Rosaceae family, with 11 species, was the highest among plant families. The highest frequency of
Grime’s life history strategies was the competitive strategy. Shannon—Wiener diversity and species richness indices of cut
slopes were significantly higher than those of fill slopes. Partial canonical correspondence analysis indicated that species
composition on roadsides was primarily influenced by microhabitats, elevation, gradient, canopy cover, story layer, occur-
rence of bare soil, and clay content. Our study contributes to understanding how roadside microhabitats affect environmental
conditions, which might be helpful to forest road managers when implementing best management practices.

Keywords Grime's CSR strategy - Hyrcanian forest - Life form - Plant diversity - Richness index - Shannon—Wiener
diversity

Introduction forest management and intervention in the case of calamity/
disturbance, and facilitating the use of other services provided
by forests, such as ecotourism (Papierowska et al. 2020).
While being useful in forest management, forest roads also

cause environmental disturbances with negative consequences

Forest roads are essential in providing connectivity and ena-
bling mobility to access and manage forest ecosystems. They
provide quick and easy access to forest resources, enabling
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(Deljouei et al. 2018; Rahbarisisakht et al. 2021). Addition-
ally, they contribute to environmental degradation, landscape
fragmentation, and biodiversity loss by affecting the ecosys-
tems in which they are developed (Nayak et al. 2020).

Constructing forest roads creates unique microhabitats,
such as the cut and fill slopes and ditches that disrupt the
ecosystem’s connectivity (Son et al. 2020). About half of
all disturbances caused by road construction in mountainous
areas are due to the cut and fill slopes (Grace 1999). Further-
more, these microhabitats are characterized by the highest
erosion and sediment production among road components,
low soil nutrient content, and increased soil compaction
(Solgi et al. 2021). Roadside microhabitat conditions are
limiting factors for some native species due to vegetation
loss and soil disturbance, which alter the light and moisture
regimes (Avon et al. 2010). Accordingly, plants with better
adaptations to new environmental conditions can establish
themselves in roadside microhabitats (Follak et al. 2018),
and during their establishment and growth, they can create
conditions that favor non-native and invasive species (Bar-
bosa et al. 2010). Invasive species are considered to be a
major factor causing native biodiversity loss and changes in
the environmental, social, and economic conditions, as well
as ecosystem services (Kotowska et al. 2021). Moreover,
roads play an important role in spreading exotic plants, by
the space they create and the associated transport of prop-
agules by vehicles (Sharma and Raghubanshi 2009).

To develop feasible strategies for restoring plant commu-
nities along roads, it is essential to understand the structure
and composition of the vegetation established on road micro-
habitats (i.e., cut and fill slopes). Therefore, it is important to
evaluate the plant communities by inventories and the fac-
tors that influence their establishment, with a special focus
on reducing the adverse impacts of forest roads by providing
ecological restoration solutions that address site-specific con-
cerns (Martin-Sanz et al. 2015). Vegetation establishment,
structure, and floristic composition are influenced by various
environmental factors, including topography, soil properties,
and nutrient conditions (Feng et al. 2016; Tilk et al. 2017).

Several studies have already reported the effect of dif-
ferent factors on vegetation composition, such as the road
material type, e.g., paved or unpaved roads (e.g., Carias et al.
2021; Phillips et al. 2021), traffic level (Sharma and Raghu-
banshi 2009), vehicle exhaust gases (Viskari et al. 2000),
and applicable technical revegetation methods (Paschke
et al. 2000). However, only a few studies have investigated
the distribution, patterns, and establishment of vegetation
along different road microhabitats such as the cut and fill
slopes (i.e., Feng et al. 2016; Lazaro-Lobo and Ervin 2019).
Roadside studies are needed to evaluate the decline in spe-
cies diversity and richness (Deljouei et al. 2017). Although
many studies were conducted on the impact of roadside
on vegetation composition in temperate deciduous mixed
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forests (see, e.g., Parendes and Jones 2000; Flory and Clay
2009), few have been carried out in the Hyrcanian mixed
forest of northern Iran (Hosseini et al. 2011; Lotfalian
et al. 2012; Deljouei et al. 2017, 2018). Hyrcanian forest
is a unique Arcto-Tertiary forest, where several tree species
survived the last ice age, including the Caucasian wingnut
(Pterocarya fraxinifolia (Lam.) Spach), Persian silk tree
(Albizia julibrissin Durazz), Persian ironwood (Parrotia per-
sica (DC.) C.A.Mey.), and Caspian locust (Gleditsia capsica
Desf.) (Akhani et al. 2010). Since the early 1970s, about
60% of Iranian forests have been managed, and in recent
years, forest roads have had an ecological impact on species
diversity and composition. In contrast to other temperate
forests discussed in the literature, Hyrcanian forest has not
been managed for a long time. Based on the importance of
forest roads as the core infrastructure for forest management,
the objectives of this study were the following: (i) to assess
the floristic composition and identify indicator species on
cut and fill slopes of forest roads; (ii) to evaluate the differ-
ences in vegetation diversity between roadside microhabitats
(cut and fill slopes); and (iii) to identify the key environmen-
tal factors affecting vegetation composition along roadside
microhabitats. In addition, the paper discusses the implica-
tion of findings on forest road management.

Materials and methods
Study site

Hyrcanian forest is a temperate deciduous forest located
in northern Iran, where it covers an area of ~ 1.9 million
hectares (Heshmatol Vaezin et al. 2022). The study site is
located near Nowshabhr city, in the Mazandaran province,
at the educational and experimental forest of the Univer-
sity of Tehran. The mean annual precipitation is 1300 mm,
and the mean annual temperature is 17 °C in the study area
(Haghshenas et al. 2015). Lithologically, the substrate is
mostly calcareous parent material. The study was focused
on the road network from the Namkhane district (Fig. 1).
The study site covers 1083 ha, ranging from 350 to 1350 m
a.s.l.; in the area, slope varies from O to 80%. As a part
of the forest management in Namkhane, single and group
selective cutting regimes are implemented to maintain
mixed uneven aged high forests. The most important forest
plant associations are oriental beech (Fagetum orientalis),
oak-hornbeam (Querceto-Carpinetum betulii), and oak-
oriental beech (Carpino-Fagetum orientalis). The most
important species in the area are box holly (Ruscus Hyr-
canus Woronow), yellow archangel (Lamium galeobdelon
(L.) Crantz), ostrich fern (Matteuccai struthiopteris (L.)
Tod.), and dog’s mercury (Mercurialis perennis L.) mixed
with the oriental beech (Fagetum orientalis) community.
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Fig. 1 Location of forest roads and sampling plots within the study area

Wild service tree (Sorbus torminalis (L.) Crantz), Primula
(Primula heterochroma Stapf), China Redkotzvetkovaya
(Lathyrus laxiflorus (Desf.) Kuntze), wood dock (Rumex
sanguineus L.), purple tails (Teucrium hyrcanicum), haw-
thorn (Crataegus microphylla K. Koch), cow parsley
(Anthriscus sylvestris (L.) Hoffm.), Cretan brake (Pteris
cretica L.), medlar (Mespilus germanica L.), Alexandrian
laurel (Danae racemose (L.) Moench), Persian Holly (/lex
spinigera (Loes.) Loes.), and field elm (Ulmus minor
Mill.) are mixed with the Querceto-Carpinetum betulii

community; bishop’s hat (Epimedium pinnatum Fisch.
ex DC.), common chickweed (Stellaria media (L.) Vill.),
Caucasian alder (Alnus subcordata C.A.Mey.), glandular
crane's-bill (Geranium platypetalum Fisch. & C.A.Mey.),
lesser calamint (Calamintha officinalis (L.) Kuntze),
remote sedge (Carex remota L.), horse mint (Mentha
longifolia (L.) Huds.), and symphyandra odontosepala
(Campanula odontosepala Boiss.) are mixed with the
Carpineto-Fagetum orientalis community.
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Sampling design

Field data were collected in late July of 2020, when most
species were expected to be present in the vegetation com-
position. Sampling plots were established at the verge of for-
est roads categorized as all season main forest roads. These
roads have gravel surfacing, 5.5 m in width and a longitudi-
nal slope of 3 to 8%. Overall, road network length is 15.8 km
in the study site, and the road density is 14.6 m per hectare.
These roads were constructed in 1988 from river run gravel,
which has a carbonate origin, and limestone, which was used
for stabilization in some areas. Approximately 10 km of the
main road network was selected for the study.

Systematic sampling was used to collect vegetation data
in the study area. The first sampling plot was located at the
beginning of the road, followed by plots positioned and
marked at 150-m intervals along each side of the road. Geo-
graphical coordinates of the stations corresponding to each
plot on the road centerline were recorded by a Garmin GPS-
MAP 64 s GPS unit (Garmin Ltd., Olathe, USA). We sam-
pled 116 plots on cut and fill slopes (58 sampling plots on
each microhabitat) with an area of 20 m? (10 x 2 m; Fig. 2)
and recorded the frequency of herbaceous species in each
plot. The abundance—dominance coefficients for the species
have been quantified using the Londo decimal scale (Londo
1976). All the plants were identified according to the Flora
Iranica (Rechinger 1963-1998) and Flora of Iran (Assadi
et al. 1989) guidebooks.

Plant species classification

In each sampling plot, the proportions of different life forms
(Raunkiaer 1934) were inventoried. Raunkiaer’s (1934)

Fig.2 Description of the sam-
pling design used in this study
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classification scheme for life forms is based on how the
buds develop during unfavorable seasons. This classifica-
tion system consists of five main groups for plant species:
phanerophytes (Ph), chamaephytes (Ch), hemicryptophytes
(He), cryptophytes (Cr), and therophytes (Th). Life span was
classified as annual or biennial (AB), herbaceous perennial
(P), and tree or shrub (W). The chorology of the species in
the study site was assessed, according to Zohary (1973),
which are Euro-Siberian (ES), Pluriregional (PL), Mediter-
ranean (M), Irano-Turanian (IT), Cosmopolitan (COSM),
Subcosmopolitan (SCOSM), Hyrcanian (HYR), and Euxino-
Hyrcanian (Euxino-HYR). Nativity status was determined
based on five classes, namely native (N), invasive (I), pio-
neer (P), exotic (E), and potentially invasive (PI) species.
Grime’s CSR strategy model categorizes species based on
their responses to stress and disturbance, which are two
major groups of external environmental factors. Grime’s
strategy model (Grime 2002) has outlined three primary
strategies, including competitive (C), stress-tolerant (S),
and ruderal (R), also, four secondary strategies, namely
competitive-ruderal (CR), competitive-stress-tolerant (CS),
stress-tolerant-ruderal (SR), and competitive-stress-tolerant-
ruderal (CSR).

Plant species diversity

The heterogeneity of species within a community was
described with various indices. Each plot was evaluated for
herbaceous species diversity using the Shannon—Wiener
index (H), species richness (number of herbaceous species;
S), and Pielou’s index (E), as described in Egs. (1) to (4)
(Pielou 1966):
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where p; is the proportion/share of individuals of species i,
n; is the number of individuals of a given species (s), and
N is the number of individuals of all species found within
a plot. All indices were estimated using the PAST software
(ver. 4.8).

Environmental data

Soil samples were collected on dry days at four corners and
the center of the sampling plots at 10 cm depth. A sieve
with a 2-mm aperture was used to filter soil samples. Using
Bouyoucos hydrometers (Makineci et al. 2007), the sand,
silt, and clay shares in soil samples were determined. The
electrical conductivity (EC, in ps cm™!) was measured using
an EC meter and a 1:1 solution of soil-distilled water (Gee
and Baude 1986). In order to determine pH, a pH meter
and a 1:1 soil-water extract were used (Rayment and Lyons
2011). Available calcium (Ca) and magnesium (Mg) in ppm
were estimated with an atomic absorption spectrophotom-
eter, along with cation exchange capacity (CEC), which was
measured with a flame photometer (Bower et al. 1952). The
soil analysis was carried out in the laboratory at the Faculty
of Natural Resources, University of Tehran.
Environmental factors such as the gradient (steepness),
litter depth, the percentage of bare soil (as a proxy for soil
disturbance), topography factors (aspect, and elevation), soil
drainage classes (excessively, well, moderately well, poorly,
very poorly drained), story layers (i.e., canopy layer), and
canopy cover (%) were recorded (Mgller et al. 2019).

Statistical analysis

All the analysis was conducted using R software version
3.6.1 (R Core Team 2021). The indicator species were iden-
tified by the use of indicator species analysis (ISA) provided
by the indicspecies package (Caceres and Legendre 2009).
The mean values of the Shannon—Wiener index, species
richness, and Pielou’s index were compared at roadside
microhabitats using an independent sample ¢-test. Par-
tial canonical correspondence analysis (pCCA) was used
to partition the variance in plant community caused by

environmental variables (roadside microhabitat, slope, gra-
dient, bare soil, canopy, litter depth, tree layers, elevation,
aspect, and drainage). Spatial factors (longitude and latitude)
were also included as covariates in the pCCA to analyze
the variance in the plant community composition caused by
the geographic location of the plots. Variance inflation fac-
tors (VIF) were used to remove highly correlated variables
(VIF> 10) from the analysis, to avoid collinearity issues
(Borcard et al. 2011). In the initial model, VIF ranged from
1.2 to 16.1. However, in the final model, all VIFs were less
than two due to the exclusion of highly correlated variables
(sand and longitude). As such, the longitude was removed
from the analysis. In the final model, all VIFs were less
than two. The significance of the variables was tested with
automatic forward selection and Monte Carlo permutation
tests (1,000 unrestricted permutations). A pCCA test was
performed using the vegan R package (Oksanen et al. 2019).

Results
Floristic composition of plant species

We recorded 85 plant species, including 67 herbaceous
species, 12 trees, and 6 shrubs belonging to 49 families
(Table A1l). Splitting these values by microhabitats, 76
plant species were identified on the cut slope, of which 17
species belonging to 14 families were uniquely recorded
in this microhabitat; 68 species were identified on the fill
slope, of which 9 species belonging to 9 families were
exclusively recorded in this microhabitat (Table Al).
Approximately 69% of species were common in both

Table 1 Indicator species on the cut and fill slopes

Microhabitat Species Stat.! p-Value

Cut slope Acer cappadocicum Gled 0.259 0.0022
Athyrium filix-femina (L.) Roth 0.274 0.0018
Carpinus betulus L 0.398 0.0001
Epimedium pinnatum Fisch. in DC 0.146 0.0047
Fagus orientalis Lipsky 0.323  0.0002
Hypericum androsaemum L 0.220 0.0154
Hypericum perforatum L 0.115 0.0198
Pteris cretica L 0.205 0.0139
Rhamnus frangula L 0.235 0.0002

Fill slope Geum urbanum L 0.308 0.0001
Phyllitis scolopendrium (L.) New- 0.199 0.0485

man

Sambucus ebulus L 0.452 0.0001
Setaria glauca (L.) P.Beauv 0.222 0.0287

IStat is the association statistic calculated from the permutational test
of the indicator species analysis; a higher stat value means a stronger
association between a species and a microhabitat
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microhabitats. The family with the highest number of spe-
cies was Rosaceae (11 species, 9 of which occurred in both
microhabitats; Fig. 3). The majority of families (67.3%)
were represented by only a single species. The sampling
plots had the highest number of species belonging to the
Carex genus, with four species.

In the study plots, the hemicryptophyte life form domi-
nated (37.6%), followed by phanerophytes (24.7%), cryp-
tophytes (22.4%), therophytes (12.9%), and chamaephytes
(2.4%) (Table A1). The share of life forms for cut and fill
slopes is shown in Fig. 4. For both microhabitats, the highest

and the lowest share of life forms belonged to hemicrypto-
phytes and chamaephytes, respectively (Fig. 4).
Approximately 69.4% of the species were perennial
herbs, 21.2% were trees or shrubs, and 9.4% were biennial
(Table A1). For the cut slope, these values were 71%, 21%,
and 8%, respectively (Fig. 5a). The values were similar to
those of the fill slope, where 68% of the species were peren-
nial herbs, 22% trees or shrubs, and 10% biennial (Fig. 5a).
Based on chorology, species were identified as Euro-
Siberian (17.6%), Euro-Siberian, Irano-Turanian (15.3%),
Euro-Siberian, Irano-Turanian, Mediterranean (14.1%), and
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Pluriregional (12.9%). Euro-Siberian species had the highest
frequency, while Euro-Siberian, Mediterranean, Irano-Tura-
nian, and Pluriregional had the lowest frequency on the cut
and fill slopes (Fig. 5b). The share of Euro-Siberian species
was 18.4% and 16.2% for cut and fill slopes, respectively,
whereas the share of Euro-Siberian, Mediterranean, Irano-
Turanian, and Pluriregional was only 1.5% for fill slope
(Fig. 5b).

Among the identified species (Table Al), 58 were
native, 12 invasive, 9 potentially invasive, 5 pioneer, and 1
exotic, which belongs to the Poaceae family (Microstegium
vimineum (Trin.) A. Camus.). Native species had the high-
est frequency among all species (68% at the cut slope and
63% at the fill slope), followed by invasive (12% at the cut
slope and 15% at the fill slope), potentially invasive (12%
at the cut slope and 13% at the fill slope), pioneer (7% for

both microhabitats), and exotic (approximately 2%) species
(Fig. 6a). Almost all species were assigned to 19 second-
ary or transient Grime’s strategies (C/CR, C/CS, C/SC, C/
CSR, CR, CS, CR/CSR, CS/CSR, R/CR, R/SR, R/CSR, S/
SC, S/SR, S/CSR, SC, SC/CSR, SR, SR/CSR, and CSR;
Table Al). Ten out of the 85 species exhibited a C, two S,
and one R strategy (Table Al). On main Grime’s strategies,
the highest species share was found for the C strategy, with
13.2% and 11.8% for the cut and fill slopes, respectively,
and the lowest share was that of the R strategy, with 1.3%
and 1.5% for the cut and fill slopes, respectively (Fig. 6b).
S was not observed at the fill slope, whereas its share at the
cut slope was 2.6% (Fig. 6b). CR had the highest share of
secondary Grime’s strategies, with 13.2% for the cut slope
and 14.7% for the fill slope (Fig. 6b). The lowest share of
secondary Grime’s strategies was S/SC, S/SR, CS/CSR, SC/
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CSR, and R/SR with 1.3% at the cut slope; C/CS was not
found in the case of cut slope (Fig. 6b). In addition, for the
fill slope, the lowest share of secondary Grime’s strategies
was that of S/SR, CS/CSR, SC/CSR, and C/CS with 1.5%,
whereas SR and R/SR strategies were not observed at the
fill slope (Fig. 6b).

Indicator species

Thirteen species were identified as an indicator for the two
microhabitats (Table 1), of which nine species were for the
cut slope (69%) and four species for the fill slope (31%). The
life forms of indicator species were hemicryptophytes (six
species, 46%), phanerophytes (four species, 31%), crypto-
phytes, and therophytes (three species, 23%). No indicator
species belonged to the chamaephytes. Therophytes with one
species were found on the fill slopes. Eight indicators spe-
cies (61%) were native species, three were potentially inva-
sive species (23%), one was a pioneer (8%), and one (8%)
was an invasive species. All the species were found in both
microhabitats except for Setaria glauca ((L.) (P. Beauv.),
which is an invasive species that was found only on the fill
slope. Overall, the main indicator species were perennial
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herbs (8/13, 61%), followed by trees or shrubs (4/13, 31%),
and annual or biennial (1/13, 8%) species.

Diversity indices

According to the Shannon—Wiener diversity index, a
higher diversity was observed on the cut slope as com-
pared to the fill slope (1=2.64, p<0.05; Fig. 7). The
results indicated that the Shannon—Wiener diversity
index ranged from 0.52 to 1.14 at the cut slope and from
0.41 to 1.00 at the fill slope (Fig. 7a). The average values
(+standard deviation) of the Shannon—Wiener diversity
index were 0.81 (+0.02) for the cut and 0.75 (£ 0.02) for
the fill slope, respectively (Fig. 7a). Species richness was
also significantly higher at the cut as opposed to the fill
slope microhabitat (r=2.24, p <0.05; Fig. 7b). Further-
more, in terms of species richness, the mean values of the
cut and fill slopes were calculated at 15.98 (+0.40) and
14.78 (£ 0.36), respectively (Fig. 7b). Species richness
varied from 10 to 23 and from 6 to 20 at the cut and fill
slope microhabitats, respectively (Fig. 7b). In addition,
Pielou’s evenness index values of the two microhabitats
were quite similar (r=1.63, p > 0.05; Fig. 7c). In terms of
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Pielou’s evenness index, the corresponding mean values
for the cut and fill slopes were calculated as 0.84 (+0.02)
and 0.80 (£ 0.02), respectively (Fig. 7c). In addition, the
results showed that the minimum and maximum values for
the two microhabitats were 0.63 and 1.27 (cut slope) and
0.56 and 1.22 (fill slope), respectively (Fig. 7c).

Environmental effects on species compaosition

The pCCA indicated that species composition on road-
sides was primarily influenced by roadside microhabitats
(cut or fill slope), elevation, gradient, canopy cover, story
layer, bare soil, and clay content (p < 0.05; Table 2). How-
ever, the aspect, litter depth, soil drainage, silt content,
calcium, magnesium, EC, and pH did not significantly
contribute to developing the pCCA models (p > 0.05;
Table 2). The first two axes of the pCCA models were
statistically significant (p <0.003) and described 55.7%
of the variation in the plant community caused by envi-
ronmental variables (Fig. 8).

Table 2 Significance of variables in the partial canonical correspond-
ence analysis (pCCA)

Variable df Chi-square F value P value
Elevation (m) 1 0.22 437 0.001"
Microhabitats 1 0.21 4.09 0.001"*
Bare soil (%) 1 0.09 1.87 0.009™
Canopy cover (%) 1 0.09 1.76 0.005™
Clay (%) 1 0.09 1.73 0.016"
Gradient (%) 1 0.08 1.56 0.029"
Story layer 1 0.08 1.52 0.041"
Calcium (ppm) 1 0.08 1.58 0.070™
Soil drainage 1 0.07 1.36 0.083™
pH 1 0.07 131 0.142™
EC (us/cm) 1 0.07 1.30 0.183™
Magnesium (ppm) 1 0.05 1.07 0.387™
Litter depth (cm) 1 0.05 1.05 0.395™
Aspect 1 0.05 0.96 0.524™
Silt (%) 1 0.04 0.75 0.828™

" means not significant; significance levels are indicated by asterisks:
* p<0.05; ** p<0.01; *** p<0.001
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Discussion

Species compositional differences by cut and fill
slope microhabitats

Compared with the findings of studies on road ecology of
temperate regions, the results of this study indicate that forest
roadside microhabitats (cut and fill slopes) had a significant
impact on vegetation diversity and composition (e.g., Del-
jouei et al. 2017, 2018; Vanneste et al. 2020). In this study,
we focused on the impact of two microhabitats created by
road construction on plant diversity and composition, by con-
sidering roadside microhabitat (cut and fill slopes) effects on
the plant communities. Roadsides are contrasting microhabi-
tats compared to surrounding forest ecosystems, being char-
acterized by unique light, moisture, and temperature regimes
(Titd et al. 2019). Corridor opening causes canopy gaps, and
as a result, herbaceous, fast-growing, and light-demanding
species become established around the road (Avon et al.
2010; Deljouei et al. 2018), influencing plant growth and
competition patterns, particularly between shade-tolerant and
shade-intolerant species (Horn 1971). As a result, roadside
disturbances reduce the abundance of trees and shrubs.

A total of 67 out of 85 plants were identified as herba-
ceous species, findings which agree with those of Deljouei
et al. (2017) reported for the Namkhane district, Kheyrud
forest. Esmailzadeh et al. (2012) found 58 herbaceous spe-
cies in the east part of the Hyrcanian forest (Gorgan for-
est). Factors such as ecological disturbances, topography,
light intensity, and humidity significantly affect the species
pool and vegetation composition of the Hyrcanian forest of
northern Iran (Shakeri et al. 2021). In the collected set of
species, Rosaceae was the most representative family, fol-
lowed by Poaceae, Cyperaceae, and Labiatae. These results
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are not surprising since Rosaceae is a family containing a
large number of species with a wide ecological range and
strong adaptability (Yu et al. 2002). Moreover, many species
in this family can grow well at an altitude of 400—4200 m in
a low-humidity environment and can safely pass over winter
in snow and temperatures of — 34 °C (Yang et al. 2021).
Tolerance and hyperaccumulation are characteristics of the
Poaceae (Kensa et al. 2018), and Cyperaceae is the third
largest monocotyledons family that occurs in a large variety
of altitudes, from 0 to 5000 m a.s.l. (Mline and Mline 1975).
Moreover, most of the species in this family tend to toler-
ate extreme temperatures as well as poor soils (Mline and
Mline 1975). In this regard, there is no doubt that the eco-
logical potential of the dominant herbaceous species along
roadsides could be explored further to understand ecological
indications of tolerance.

Plant life forms are a reflection of the environmental con-
ditions in which they grow and provide clues about their
habitat (Siadati et al. 2010). The highest proportion of life
forms in this study was allocated to hemicryptophytes (40%),
which is in agreement with the findings of Deljouei et al.
(2017). Esmailzadeh et al. (2011) reported that hemicrypto-
phytes, phanerophytes, and cryptophytes are the dominating
life forms in the central part of the Hyrcanian forest. Accord-
ing to Ehrendorfer (1965), perennial herbs hemicryptophytes
and annual therophytes can be adapted to different micro-
habitats in pioneer communities. Houssard et al. (1980)
reported that phanerophytes are rare in the early stages of
succession, whereas therophytes are abundant. It was stated
that phanerophytes and chamaephytes were absent along
the roadside, although these species are common in the for-
est interior (Avon et al. 2010). In a hornbeam-beech forest,
chamaephytes did not exist farther than 5 m from the road-
side, and at distances beyond this, there were changes from
phanerophytes to hemicryptophyte species (Deljouei et al.
2017). In temperate regions with moist to the humid cli-
mate, hemicryptophytes are dominant and most frequent in
broadleaf and mid-altitudinal forests (Raju et al. 2014) as a
consequence of adaptation to regional ecological conditions
(Talebi et al. 2014). Furthermore, the frequency of hemic-
ryptophytes increases with forest age (Hermy et al. 1999).
The abundance of hemicryptophytes in this study supports
the claim of others that the Hyrcanian forest may be the
world’s last remaining natural deciduous temperate forest
(Fallahchai et al. 2018).

Based on the results, Euro-Siberian elements were more
common than other floristic elements in the roadside micro-
habitats. Since the study area is located in the Hyrcanian
forest, there is a floristic link between the study site and
the Euro-Siberian phytogeographical area (Zohary 1973). In
addition, Irano-Turanian elements were present because phy-
togeographically Irano-Turanian floristic elements are found
in large parts of Iran (Akhani et al. 2013). These results
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agree with those of other studies carried out in other parts
of the Hyrcanian forest (Atashgahi et al. 2009; Asadi et al.
2011). Several species of alpine flora occur on the plateau
of Iran and belong to the Irano-Turanian region, while only
a few species are found in the northern hemisphere or in
the Euro-Siberian region. In terms of geomorphology and
climate, the Alborz Mountains represent one of the most het-
erogeneous mountain systems in the southwest of Asia. This
is due to the northern slopes, which are exposed to humid air
masses that originate in the southern Caspian Sea, regulat-
ing the vegetation of Euro-Siberian phytochoria within the
Hyrcanian ecoregion (Akhani et al. 2010). Nonetheless, on
southern slopes and above forest line, various endemic spe-
cies dominate in the semi-arid Irano-Turanian phytochorion
(Noroozi et al. 2008). Irano-Turanian elements are found at
higher altitudes (Ghahreman et al. 2006) because the upper
mountain areas of Alborz are characterized by a large num-
ber of Irano-Turanian elements (Noroozi et al. 2008). This
occurrence may be explained by two reasons. Firstly, there
is a phytogeographical floristic link between our study sites
(Hyrcanian district) and other areas in the Euro-Siberian
region. Secondly, human activities are responsible for estab-
lishing weeds (Ghahreman et al. 2006).

Native species had the highest frequency in our study
site. The presence of native species in a habitat is a criterion
of habitat quality and sustainability (Sukopp et al. 1979).
Spreading the topsoil enhances the recovery of biotic com-
munities and ecosystem functions, while promoting the
establishment of native plants (Lazaro-Lobo and Ervin
2019). Regardless, invasive and exotic plants can establish
and spread through roads as the roads act as suitable corri-
dors and microhabitats (e.g., Godefroid and Koedam 2004;
Flory and Clay 2006); meanwhile, native species are adapt-
ing themselves to disturbed environments (e.g., Ervin 2009;
Ahrens et al. 2014) causing changes in species diversity,
composition, and vegetation abundance (L4zaro-Lobo and
Ervin 2019). It is more likely to expect roadsides to influ-
ence native species positively and it is well known that con-
structing forest roads causes changes in light conditions and
increases disturbance. Generally, abiotic conditions allow
exotic species to establish easily and tend to increase veg-
etation diversity (e.g., Bernhardt-Romermann et al. 2006).
Roadside microhabitats are ideal microhabitats for invasive
and exotic species and can facilitate the transport of plant
propagules over long distances (Follak et al. 2018). We iden-
tified the presence of only one exotic species (Microstegium
vimineum), which seemed to be restricted to higher light
conditions. The establishment of M. vimineum in forest
understories alters forest succession dynamics, suppresses
native species, and intensifies prescribed fires (Wagner and
Fraterrigo 2015). The following processes are potentially
driving the arrival and establishment of exotic species in
our study area: (1) an initial mechanical disturbance caused

by constructing and subsequently utilizing forest roads; (2)
creating suitable seedbeds with mineral soil, high level of
light, moisture, and nutrients which are the requirement of
some exotic species; and (3) the presence of multiple disper-
sal vectors, including human and natural sources (Deljouei
et al. 2017).

Species with competitor-ruderal behavior are the most
frequent species that contribute moderately to grassland bio-
mass, since they complement the performance of ecosystems
occupied primarily by dominant species and exploit rela-
tively unfavorable microhabitats (Grime 2006). Competition
and disturbance influenced the evolution of this functional
type. As defined by Grime (2002), competitor—ruderals are
found in habitats where moderate disturbance prevents com-
petitors from dominating the vegetation. As the traditional
management of lands includes cattle and sheep grazing in
the study site, plant strategies have changed from S, SC, S/
SC, and SC/CSR to CR, C/CR, R/CR, and C/SR. Ruder-
alism varies from place to place, depending on the level
of disturbance. Additionally, Pierce et al. (2007) found
that disturbance intensity enhanced species diversity as
well as functional diversity, particularly among primitives
and species with low co-dominance, whereas species with
high stress tolerance were suppressed. A variety of species
representing the S and SR strategies can also succeed in
managed sites (Huhta and Rautio 1998). Accordingly, the
presence of CR strategists in the study site confirms that
disturbances significantly influence niche segregation; fast-
growing competitive—ruderals consume local nutrients to
establish their genes before ephemeral nutrient patches are
exhausted (Pierce et al. 2007; Hiiseyinova et al. 2013). The
results of this study were compared with those of others
(e.g., Hiiseyinova et al. 2013; Grime et al. 2014), finding dif-
ferences that may be explained by features of the microhabi-
tats in the study area, including altitude, climate, location,
soil structure, light conditions, nutrient content and intensity
of disturbance. For instance, alpine plants are exposed to
high stress levels due to the high altitudes, low tempera-
tures, strong winds, dryness, and UV radiation (Grime et al.
2014). A species strategy within the CSR space is likely
to change in such circumstances. As a result, species often
exhibit different strategies in different habitats; therefore, it
is uncertain about assuming that they will follow the same
strategy irrespective of the habitat.

Indicator species

Analysis of indicator species revealed that 13 species exhib-
ited a significant affinity for either the cut or the fill slope
microhabitat. Son et al. (2020) identified 48 indicator spe-
cies in various roadways and microhabitats and reported 50%
of the species as native and 46% as invasive, which agrees
with our results. Native species are directly impacted by high
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temperatures, soil disturbance, and drought, whereas habi-
tat disturbance has an indirect impact (Salinitro et al. 2018).
Invasive species can be dispersed along the road due to envi-
ronmental disturbances (Avon et al. 2010). Invasive species
presence in road seed banks is due to their high seed disper-
sion by wind, vehicles, humans, and animals (Taylor et al.
2012). Timber harvesting (Venanzi et al. 2020), road con-
struction, and maintenance processes cause soil disturbance,
which creates an environment favorable for the establishment
and growth of invasive non-native plants (Follak et al. 2018).
Invasive species can adapt to new habitats and environmen-
tal changes by having characteristics such as potent scatter-
ing ability, fast growth, short reproduction time, and a high
tolerance to various habitat conditions (Poland et al. 2021).
Consequently, it is necessary to manage invasive species in
new regions in order to avoid their spreading and dispers-
ing (Son et al. 2020). The majority of species are light and
moisture demanding, and a large number of their seeds are
found in soil seed banks of Hyrcanian forest; in proper condi-
tions, they will establish in disturbed habitats (Esmailzadeh
et al. 2011). With regard to the types of indicator species
identified, we found that perennial herb species were most
established on the roadside microhabitats, while annual/bien-
nial plant species, as well as trees and shrubs, were less abun-
dant. In contrast, Son et al. (2020) reported that annual/bien-
nial species predominate in microhabitats along roadsides.
Despite the ability of perennial herb species to tolerate harsh
roadways, the major limiting factors of growing perennial
herbs and trees in newly created habitats are an inadequate
soil and nutrient supply, lack of deep soil, or symbiotic soil
conditions (Paschke et al. 2000). Almost all herbaceous per-
ennial plants that grow in disturbed sites require appropriate
soils to establish and survive (Paschke et al. 2000). However,
as soil conditions improve, annuals and biennials, as well as
shortlived perennial herbs, decline significantly due to com-
petition with perennial herbs and shrubs (Foster and Tilman
2000). Based on this pattern, in this study, the annual/bien-
nial indicator species were not dominant along the roadside
microhabitats. Thus, the study sites will need to be monitored
for longer periods to assess whether succession toward domi-
nance of those species is in progress (Lupardus et al. 2019).

Diversity differences between microhabitats

Shortly after road construction, different species can estab-
lish in the roadside environmental conditions and increase the
species diversity and richness on the roadside (Martin-Sanz
et al. 2015). Plant diversity and richness were significantly
influenced by microhabitats (cut and fill slopes), whereas
the evenness index did not show any significant differences.
Furthermore, the diversity and richness at the cut slope were
higher than the fill slope, which is consistent with other
results reported for the Hyrcanian forest (Hosseini et al. 2011;
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Lotfalian et al. 2012), and temperate forests of South Korea
(Chu et al. 2019). On cut slopes constructed by excavation,
vegetation establishment has been reported to follow a pri-
mary succession process (Jiménez et al. 2013). The parent
materials, construction techniques, and construction period
may differ despite the similarity in geology (Rentch et al.
2005). Cut slopes have more thin soil and soil that comes
from lower horizons, meaning that there is a smaller volume
of soil for plants to absorb water and nutrients. Fill slopes
consist of steep rock fills and moderate to flat fills composed
of unconsolidated materials. The soil can be compacted in
order to increase soil stability; therefore, the potential of root
growth and development will be limited (Miller et al. 2002).
After the road construction, sometimes trees are left on the fill
slope to enhance the construction’s stability (Ji et al. 2013).
Hence, fill slopes tend to be less favorable to plant species,
leading to a reduction in species richness and diversity.

Environmental factors affecting species
composition

pCCA showed that vegetation communities are significantly
influenced by elevation and microhabitats (cut and fill slopes)
as primary factors, followed by bare soil, canopy cover,
clay content, slope gradient, and story layer (i.e., dominant
understory vs. overstory layer). Previous studies showed
that elevation is a key factor in landscape and plant diver-
sity as it controls or influences environmental factors (Sang
2009). Although elevation does not directly drive biologi-
cal processes, it correlates with several factors that influence
organismic performance (Korner 2007), especially climatic
factors such as the length of the growth period or the aver-
age ambient temperature during this period (Rumpf et al.
2018). The second most important factor was the microhab-
itat (i.e., cut or fill slope). This finding agrees with Rentch
et al. (2005), who showed that the type of road habitat has
strongly impacted the plant community. The construction of
roads in mountainous regions is generally accompanied by
great physical disturbances caused by cut-and-fill operations
that change the landscape significantly (Paiaro et al. 2011).
The third most influential factor was the presence of bare
soil, and this finding is in line with Christiansen and Lyon
(1975), who showed that the most vulnerable sites for vegeta-
tion establishment on the cut and fill slopes are those where
the bare soil occurs. Increasing the amount of bare ground
on the road verge or compaction may facilitate the estab-
lishment of ruderal plants (Truscott et al. 2005). The next
important environmental factor was the canopy cover per-
centage. Canopy cover plays an important role in establishing
species that require light (Sefidi et al. 2022). Deljouei et al.
(2017) showed that the highest species richness was found
to be at the road verge. The fifth important variable was the
clay content. Skrindo and Pedersen (2004) showed that clay
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content affects the roadside vegetation composition in Nor-
way. The next parameter affecting plant composition was the
slope gradient, a result that is similar to other studies (Bochet
et al. 2010). Bochet et al. (2010) studied the effect of slope
gradient on vegetation cover and plant species composition
near Valencia city (east of Spain). Their study indicated that
the main factor influencing the vegetation variables on road
slopes was the slope gradient, as well the absence of vegeta-
tion on roads with slopes greater than 45°. In contrast, veg-
etation cover on gentler slopes ranged from 44 to 78%. The
last significant environmental factor on species composition
was the story layer, which was also reported in past studies
(Barbier et al. 2008) and correlates well with the importance
of canopy cover (Fig. 8).

Management implications

Developing new forest roads is important in many moun-
tainous regions to access resources and services and to con-
nect and develop regional economies. In order to reduce
the effects of forest roads on the environment, mitigation
is more useful than stopping building or abandoning roads.
This study revealed that roads that have been in use for a
long period have some impacts on natural ecosystems. The
cut slopes had a higher species diversity and richness than
the fill slopes. We suggest that in order to ensure sustainable
management of forest ecosystems, monitoring of vegetation
should be included in local (i.e., study’s area) forestry plans
during and after road construction. As part of road construc-
tion and maintenance activities, it is particularly important
to avoid introducing and spreading exotic invasive species.

Knowledge of ecology, morphology, phenology, repro-
ductive biology, physiology, and phytochemistry of veg-
etation species is essential for effective management.
The impact of forest road construction on forest structure
can be minimized by careful planning of road construc-
tion activities, and forest management based on ecologi-
cal principles. Planning or managing areas around roads
should consider microclimatological shifts along road-
sides, assess their spatiotemporal stability, and determine
how they relate to ecological processes. As a result of this
approach, roads could be designed so as not to adversely
affect plant diversity in forests and could be managed and
constructed in a way that promotes forest conservation.
The cumulative impact of road design, construction, main-
tenance, and use on forests needs to be predicted, planned,
monitored, and assessed more carefully. Currently, envi-
ronmental assessment methods are deficient for gaining
rapid assessment objectives. Nonetheless, we suggest
monitoring vegetation based on qualitative methods (sea-
sonally), quantitative methods (using phytosociological
methods), and mapping using ground-based techniques
(via map overlays or GPS), as well as remotely sensed

images (aerial photographs, high-resolution multi-spectral
digital data). Using modern technology, practitioners can
gain immediate access to such tools for monitoring and
managing data. In recent years, the environmental assess-
ment of road impacts on vegetation communities has been
improved through the use of new tools (Transportation
Research Board and National Research Council 2005).

Conclusion

In this study, we investigated the impact of forest roadside
microhabitats on vegetation diversity and composition.
Sixty-seven herbaceous species, 12 trees, and 6 shrubs
belonging to 49 families were observed within the road
verge. On the roadside microhabitats, the ground cover of
the Rosaceae family with 11 species was the highest among
plant families. Hemicryptophytes and Euro-Siberian ele-
ments had the largest proportion compared with other life
forms and chorotypes, respectively. Persistent native and
perennial herbs and to a lesser extent colonizing annual
plants led to significant differences in vegetation diversity
and composition on forest roadside microhabitats. Roads
contributed to 19 of Grime’s secondary or transient strat-
egies, indicative of the high functional vegetation diver-
sity in the study sites. Diversity and richness indices at
the cut slope were higher than at the fill slope. Identifying
the response of different species along roadside microhabi-
tats can be useful for understanding how the road corri-
dor affects local biodiversity. It is likely that more natural
habitat is being converted to roadside microhabitats as a
result of road construction over time, which has consider-
able implications in terms of forest road impact. We expect
that these results will serve as additional information for
local land managers and decision makers in their attempt
to manage plant species and maintain the integrity of bio-
logical communities. A greater focus should be placed on
the impacts of anthropogenic activities on the diversity and
composition of plants in this study area.

Our findings indicate that roadside microhabitats (cut and
fill slopes) from the Hyrcanian temperate forest affect vegeta-
tion diversity and composition after constructing roads. In
this regard, dispersal and settlement of various species are
possible on cut and fill slopes due to the newly created micro-
habitats. In order to achieve better results, local or regional
conditions should be considered in the management plans.

Appendix 1.

Supporting material.
See Table 3.

@ Springer



468

European Journal of Forest Research (2023) 142:455-473

Table 3 Floristic composition, life form, life span, chorotype, status, and Grime's CSR strategy of the recorded species in the studied area

1

2

4

No Species Family Life form! Life span?> Chorotype? Status® Grime’s Microhabitat
CSR
strategy’
Cut slope Fill slope
1 Acer cappadocicum Gled Aceraceae Ph w ES (Euxino-HYR) N C + +
2 Acer velutinum Boiss Ph w ES (HYR) N C + +
3 Centella asiatica L Apiaceae Th P ES, IT 1 CR +
4 Lecokia cretica (Lam.) DC Cr P ES (HYR), M, IT 1 CR + +
5  Pimpinella affinis Ledeb He P PL N SR/CSR +
6  Arum maculatum L Araceae Cr P ES N SR +
7  Hedera pastuchovii Araliaceae Ph P ES N SC + +
‘Woronow
8 Vincetoxicum scandens Asclepiadaceac  He P ES (HYR) N CS + +
Sommier & Levier
9  Asplenium adiantum- Aspleniaceae He P SCOSM N S +
nigrum L
10 Phyllitis scolopendrium Cr P PL N CS + +
(L.) Newman
11 Conyza canadensis (L.) Asteraceae Th AB SCOSM 1 R/CR + +
Cronquist
12 Eupatorium cannabinum L He P ES,IT I C + +
13 Carpesium abrotanoides L He P ES I CS + +
14 Athyrium filix-femina (L.) ~ Athyriaceae He P PL N C/SC + +
Roth
15 Alnus subcordata A. Mey  Betulaceae Ph w ES (Euxino-HYR) N CSR + +
16  Dipsacus asper Wall. ex Caprifoliaceae ~ He AB ES I R + +
C.B. Clarke
17  Lapsana communis L. Compositae Th P ES, IT P R/CR + +
18  Calystegia silvestris Convolvulaceae Cr P ES, M, IT N C/CR + +
(Willd.) Roem. & Schult
19  Carpinus betulus L Corylaceae Ph w ES N SC + +
20  Sedum stoloniferum Crassulaceae Ch P ES (HYR) N S/SR + +
21 Cardamine bulbifera (L.) Cruciferae He P ES (HYR) N C +
Crantz
22 Carex divulsa Stokes Cyperaceae He P ES, M, IT N SR/CSR +
23 Carex grioletii Roemer He P ES,M N CS +
24 Carex pendula Huds Cr P ES, M PI C/SC + +
25 Carex remota Richards He P ES,M N CSR + +
26  Tamus communis L Dioscoraceae Cr P ES N C/CSR +
27  Equisetum telmateia L Equisetaceae Cr P PL N R/CR + +
28  Diospyros lotus L Ebenaceae Ph w ES,IT N CR +
29  Lathyrus laxiflorus (Desf.)  Fabaceae Th AB ES (HYR),M N C/CSR + +
Kuntze
30 Trifolium campestre Schreb He AB ES, M, IT N R/SR +
31  Fagus orientalis Lipsky Fagaceae Ph W ES,M N SC + +
32 Quercus castaneifolia C. Ph w ES (HYR) N S/SC + +
A. May
33 Geranium robertianum L Geraniaceae Th AB COSM P R/CSR + +
34  Brachypodium sylvaticum  Gramineae He P PL N SC/CSR + +
(Huds) P. Beauv
35 Hypericum androsaemum L Hypericaceae He P ES,M, IT PI CSR + +
36 Hypericum perforatum L He P COSM PI CR/CSR + +
37  Pteridium aquilinum (L.) Hypolepidaceae Cr P ES 1 C + +

Kuhn
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Table 3 (continued)
No Species Family Life form! Life span®> Chorotype® Status* Grime’s Microhabitat
CSR
strategy”
Cut slope Fill slope
38  Juncus effuses L Juncaceae Cr P COSM I C/SC +
39 Calamintha officinalis Labiatae Cr P ES, IT PI CSR + +
Moench
40  Mentha Longifolia (L.) Cr P PL N C/CR + +
Hudson
41  Scutellaria tournefortii He P ES (HYR) N CS + +
Benth
42 Teucrium hyrcanicum L Cr P ES N CR + +
43 Prunella vulgaris L Lamiaceae He P PL N CSR + +
44 Salvia glutinosa L He P ES (HYR), M N CS + +
45 Ruscus hyrcanus Woron Liliaceae Ph P ES (HYR), IT N S/SC +
46  Ficus carica L Moraceae Ph w ES, M, IT, PL N C/CS +
47  Circaea Lutetiana L Onagraceae Cr P ES, M, IT N CR + +
48  Ophioglossum vulgatum L. Ophioglossaceae Cr P ES,IT N SR +
49  Campanula odontosepala ~ Pampanulaceae  He P ES,M, IT N CSR +
Boiss
50 Sambucus ebulus L Paprifoliaceae He P ES, M, IT PI C + +
51  Plantago major L Plantaginaceae ~ He P SCOSM N R/CSR + +
52 Bromus catharticus Vahl Poaceae Th AB COSM I CR +
53 Microstegium vimineum Th AB PL E CR + +
(Trin.) A. Camus
54  Oplismenus compositus Th P ES,M I CR +
(L.) P.Beauv
55  Oplismenus undulatifolius Th P ES,M I CR + +
(Ard.) P. Beauv
56  Poa nemoralis L He P ES, IT N SR/CSR +
57 Setaria glauca (L.) P.Beauv Th AB SCOSM 1 SR/CSR +
58  Epimedium pinnatum Fisch. Podophyllaceae Cr P ES (HYR) N CR + +
in DC
59  Rumex Sanguineus L. Polygonaceae He P ES N CR/CSR + +
60 Primula heterochroma Primulaceae He P ES, IT N S/CSR + +
Stapf
61  Pteris cretica L Pteridaceae He P PL N C/CSR + +
62 Mercurialis perennis L Puphorbiaceae  Cr P ES N SC +
63 Euphorbia amygdaloides L. Ch P ES,M PI SR/CSR + +
64  Rhamnus frangula L. Rhamnaceae Ph w ES N S/CSR + +
65 Agrimonia eupatoria L Rosaceae He P ES, M, IT PI CSR + +
66 Cerasus avium (L.) Moench Ph W ES N C +
67  Crataegus microphylla C. Ph w ES, M, IT P SC + +
Koch
68  Fragaria vesca L He P ES, IT N S/CSR + +
69  Geum urbanum L He P ES, M, IT P CR/CSR + +
70  Mespilus germanica L Ph w ES, M, IT P S/CSR + +
71  Potentilla reptans L He P ES, IT N CR/CSR + +
72 Prunus divaricata Ledeb Ph W ES, IT N SC + +
73 Prunus laurocerasus Ledeb Ph W ES, IT N SC +
74 Rubus hyrcanus Woron Ph P ES PI CR + +
75  Sorbus torminalis (L.) Ph W ES N C + +

Crantz
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Table 3 (continued)

1

2

No Species Family Life form! Life span®> Chorotype® Status* Grime’s Microhabitat

CSR

strategy’

Cut slope Fill slope
76  Asperula odorata L Rubiaceae Th P PL N S +
77  Salix alba L Salicaceae Ph W ES N C/SC +
78  Physalis alkekengi L Solanaceae Cr P ES, IT N CR + +
79  Solanum kieseritzkii Cr P ES (HYR) N C + +
C.A.Mey

80  Tilia platyphyllos Scop Tiliaceae Ph w ES (HYR) N C/CSR + +
81  Ulmus glabra Hudson Ulmaceae Ph \%% ES (HYR) N C + +
82  Parietaria officinalis L Urticaceae Cr P ES, M, IT, N SR/CSR +
83  Urtica dioica L He P PL PI CS/CSR + +
84  Viola odorata L Violaceae He P ES, IT N CSR +
85 Viola alba Bess. subsp. He P ES,M N CSR + +

Sintenisii W. Becker

! Ph phanerophyte, Ch chamaephyte, He hemicryptophyte, Cr cryptophyte, and Th therophyte

2AB annual or biennial, P perennial herbs, W tree or shrub

3ES Euro-Siberian, PL Pluriregional, M Mediterranean, /T Irano-Turanian, COSM Cosmopolitan, SCOSM Subcosmopolitan, HYR Hyrcanian,

Euxino-HYR (Euxino-Hyrcanian)

4N native, I invasive, P pioneer, E exotic, PI potentially invasive

Sc competitor, S stress-tolerant, R ruderal, CR competitive-ruderal, CS competitive-stress-tolerant, SC stress-tolerant-competitor, SR stress-toler-

ant-ruderal, CSR competitor-stress-tolerator-ruderal
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