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Abstract Forest roads alter the biotic and abiotic com-
ponents of ecosystems, modifying temperature, humid-
ity, wind speed, and light availability that, in turn, cause
changes in plant community composition and diversity.
We aim at investigating and comparing the diversity of

Highlights Careful planning of road building would allow to
minimize the negative effect of road construction. Roads cause
changes in ecosystems at multiple scales, from the microclimatic
processes in the road corridor to the population dynamics and
dispersal possibilities of different species. The effects of roads can
be measured as the distance from the road, within which changes
in species diversity and abundance as well as in hydrological
flows, erosion and sedimentation rates can be observed, relative to
a control location. Hence, it is plausible that forest plants in
adjacent of road and forest interior have different characteristics. In
this study, we aim at investigating the diversity of herbaceous
species along main and secondary roads in Hyrcanian forest, north
of Iran, taking into account the effect of cut slope (the soil surface
that remains above the road after material is removed) and fill
slope (the soil surface build below the road).
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herbaceous species along main and secondary forest
roads in a temperate-managed hornbeam-beech forest,
north of Iran. Sixteen transects along main and second-
ary forest roads were established (eight transects along
main roads and eight along secondary roads). To elim-
inate the effect of forest type, all transects were located
in Carpinetum-Fagetum forests, the dominant forest
type in the study area. The total length of each transect
was 200 m (100 m toward up slope and 100 m toward
down slope), and plots were established along it at
different distances from road edge. The diversity of
herbaceous plant species was calculated in each plot
using Shannon-Wiener index, species richness, and
Pielou’s index. The results showed that diversity index
decreased when distance from road edge increases. This
decreasing trend continued up to 60 m from forest road
margin, and after this threshold, the index slightly
increased. Depending on the type of road (main or
secondary) as well as cut or fill slopes, the area
showing a statistical different plant composition and
diversity measured through Shannon-Wiener, species
richness, and Pielou’s index is up to 10 m. The length
depth of the road edge effect found in main and
secondary forest roads was small, but it could have
cumulative effects on forest microclimate and forest-
associated biota at the island scale. Forest managers
should account for the effect of road buildings on
plant communities.

Keywords Edge effects - Forest plant diversity -
Hyrcanian mixed forests ecoregion - Road disturbance -
Road ecology
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Introduction

Forest roads have many complex effects on surrounding
area over time and space (Forman and Alexander 1998).
Forest roads can cause severe environmental impacts
including road surface erosion (Zemke 2016), sediment
yield (Akay et al. 2008), pollution of off-site waters
(Forsyth et al. 20006), slope failures and mass movement
(Amaranthus et al. 1985), and losses of habitat (Flory
and Clay 2006). Therefore, when designing forest roads,
managers should weigh cost efficiency decisions against
sustainable management practices. Most modern road
development projects in managed forests modify
existing roads, which provides opportunities for im-
provement of ecological conditions during the planning,
operation, and maintenance phases. To mitigate the
effects of forest road modification planning and
implementation on ecological processes, impact
assessments should be conducted across temporal
scales. In fact, the Transportation Research Board and
National Research Council (2005) has called for the
development of multiple robust ecological indicators
to improve cross-scale evaluation of shifting ecological
conditions for a broad array of ecosystems.
Understanding the determinants of species diversity
patterns is of central interest in ecology (Eycott et al.
2006). For plants, it has been widely recognized that
besides classic ecological factors such as climate, ener-
gy, and water availability as well as soil (Gatson 2000;
Pausas and Austin 2001; Schnitzer et al. 2011; Brown
et al. 2015), drivers related to human disturbance play a
key role in affecting diversity patterns (Devictor et al.
2008; Catford et al. 2012; MacDougall et al. 2013).
There are several pervasive threats against the diversity
of plant communities (e.g., habitat loss and fragmenta-
tion, exotic species invasion, and pollution) directly or
indirectly connected to roadway design, construction,
and maintenance (Watkins et al. 2003; Godefroid and
Koedam 2004; Flory and Clay 2006; Avon et al. 2013).
When imposed on a landscape, roads form a network of
disturbance corridors, reducing interior habitats and ex-
posing organisms to what have been termed “edge
effects” (Harrison and Bruna 1999; Cadenasso and
Pickett 2001; Ewers and Didham 2006; Zurita et al.
2012). Road edges are a fundamental driver of specific
composition of plant communities by causing changes
in temperature, moisture, light availability, and wind
speed (Parendes and Jones 2000; Watkins et al. 2003;
Delgado et al. 2007; Flory and Clay 2009). Roadway
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boundaries, in particular, tend to host plant communities
with relatively high species richness, but can be domi-
nated by exotic species or species with a high distur-
bance tolerance (Tyser and Worley 1992; Forman and
Alexander 1998; Marcantonio et al. 2013).

Disturbances to plant communities from roadways
are especially evident in forests, with a suite of unique
ecological effects (Forman and Alexander 1998;
Laurance et al. 2001; Avon et al. 2010) linked to core
habitat fragmentation, horizontal natural processes in-
terruption, and natural processes alteration (Hawbaker
et al. 2006; Delgado et al. 2007).

Studies conducted in different biomes (e.g., Buckley
et al. 2003; Mullen et al. 2003; Pauchard and Alaback
2004; Hosseini et al. 2011; Lotfalian et al. 2012; Lee
et al. 2012) highlighted common features of roads ef-
fects on herbaceous diversity: (i) roads affect plant spe-
cies composition along road edge as well as in forest
interior (Lotfalian et al. 2012; Neher et al. 2013), (ii) the
disturbance has the strongest magnitude in the first 5 m
from road margins (Arevalo et al. 2005; Avon et al.
2010; Hosseini et al. 2011; Lotfalian et al. 2012;
Marcantonio et al. 2013), (iii) alpha diversity increases
with increasing distance from roads (see, e.g., Zeng et al.
2010; Lotfalian et al. 2012; Marcantonio et al. 2013),
and (iv) gamma diversity decreases when road density
increases (Findlay and Houlahan 1997; Buckley et al.
2003). These studies indicated that herbaceous species
richness along main roads is higher than along skid trails
and forest interior (Lee et al. 2012). Plant species diver-
sity along roads is increased by the encroachment of
generalist and alien species that are adapted to disturbed
habitats. Alien species, once established along the forest
edges, thanks to the favorable ecological conditions,
move very rapidly toward forest interior, not infrequent-
ly altering the whole forest system (Watkins et al. 2003;
Godefroid and Koedam 2004; Pauchard and Alaback
2004; Honu and Gibson 2006).

In spite of extensive studies about forest road ecology
in temperate broadleaf mixed forests (see, e.g., Forman
and Deblinger 2000; Parendes and Jones 2000; Flory
and Clay 2009), few studies have been conducted in the
Hyrcanian Mixed Forests ecoregion of Northern Iran
(Hosseini 2010; Hosseini et al. 2011; Lotfalian et al.
2012). However, the Hyrcanian forests are unique
Arcto-Tertiary forests, where several tree genera (i.e.,
Pterocarya, Albizia, Parrotia, or Gleditsia) survived the
last ice age (Scharnweber et al. 2007). Approximately
60% of Iranian forests have been managed since the
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early 1970s, and the ecological effects of forest roads on
herbaceous diversity have a recent history. This pattern
is in contrast with other temperate forests considered in
road ecology literature, which have a longer manage-
ment history (at least 100 years; Honu and Gibson 2006;
Avon et al. 2010).

In this study, we aim at investigating the diversity
of herbaceous species along main and secondary
roads in Hyrcanian forest, north of Iran, taking into
account the effect of cut slope (the soil surface that
remains above the road after material is removed) and
fill slope (the soil surface build below the road). In
detail, we aimed to answer the following questions:
(1) Is the effect of main and secondary forest roads on
herbaceous species diversity and composition the
same? (ii) Is the effect of main and secondary forest
roads the same on the herbaceous plant communities
of the cut and fill slope?

Materials and methods
Study area

The study took place throughout the Hyrcanian for-
est, northern Iran; the forest is categorized as temper-
ate deciduous forest and covers about 1.9 million
hectares (Marvi-Moahdjer 2012). The study area is
located in the Kheyrud forest (latitude 36°33'N, lon-
gitude 50°33'E; WGS84), an educational and exper-
imental site of University of Tehran, that covers
about 8000 ha (Fig. 1).

There was no meteorological record at the study site;
however, a nearby meteorological station (7 km dis-
tance), Nowshahr Meteorological Station (36°39'N,
51°30'E), reported that from 1985 to 2008, a mean
annual precipitation of 1303 mm. October was the wet-
test month (average 235 mm), and August was the driest
month (average 42 mm). Long-term mean annual air
temperature was 16.2 °C, with February and August
being the coldest and warmest months, respectively.
The main parent material are limestone, dolomite, and
to lesser extent granite (Deljouei 2013). According to
USDA soil classification, the soil in the study site is
Alfisol without any diagnostic horizon. Soils experience
Udic moisture conditions and Mesic temperature condi-
tions (Anonymous, Department of Forestry and Forest
Economic 1995).

Site selection protocol and sampling design

The research was carried out considering the main and
secondary forest roads in the second district
(Namkhane). Namkhane district covers about 1083 ha,
and its elevation ranges from 350 to 1350 m a.s.l.
Harvesting operations are conducted in 788 ha of the
district, while the rest (295 ha) is considered as protected
area. Total road length and road density are 15.8 and
20 m/ha, respectively. The width of the roads is between
5 and 6 m (Deljouei 2013). Main roads are paved by
using unsealed aggregate; however, secondary forest
roads are recognized as unpaved roads. Furthermore,
daily traffic in secondary forest roads is much less than
main forest roads. Data was collected in summer 2012
(September) and spring 2013 (April). In accordance
with what reported in literature, we set 100 m buffers
in both side of the selected roads (e.g., Belinchon et al.
2007; Avon et al. 2010). This also allowed to prevent
interaction effects of other roads on sample sites.
Sixteen transects along main and secondary forest roads
were accomplished (eight transects along main roads
and eight along secondary roads). To eliminate the effect
of forest canopy, all transects were located in
Carpinetum-Fagetum forests, the dominant forest type
in the study area (Deljouei 2013). The total length of
each transect was 200 m (100 m toward up slope and
100 m toward down slope), and plots were established
along it at 0 (road edge), 5, 10, 15, 20, 30, 45, 60, and
100 m distances from road edge (Pauchard and Alaback
2004; 2006; Watkins et al. 2003; Avon et al. 2010).
Along each transect, we established 1 X 2 m sampling
plots perpendicularity to the road with longer side par-
allel to the road (Fig. 2). In each plot, we recorded
presence and abundance of herbaceous plant species
on the forest floor using Londo Scale (Londo 1976).
All plants were listed and identified using Flora
orientalis (Boissier 1867), Flora of Turkey (Davis
1942), and Flora Iranica (Rechinger 1963-1998).
Furthermore, invasive species were identified according
to Iranian checklist produced by Shakeri (2012).

Data analysis

Raunkiaer (1934) proposed a life-form classification
system based on the place of the plant’s growth-point
manner (i.e., buds) during unfavorable seasons. Plant
species are often sorted into five classes based on this
classification system: phanerophytes, chamaephytes,

@ Springer



392 Page4of 15

Environ Monit Assess (2017) 189: 392

Caspian Sea

.
&

L)

ersian <

N - %o

200 km \U . /?
(fz : Q

—_———

100 mi

©d-maps.com

#2

Kheyrud forest

Namkhane district

0 051 2 3 4
- Kilometers

Fig. 1 The location of study site inside Namkhane district, Kheyrud forest, Mazandaran province, north of Iran

hemicryptophytes, cryptophytes, and therophytes. As
there is no specific life-form class in Raunkiaer’s orig-
inal system for non-self-supporting plants, these were
classified according to the reduction of their aerial parts,
as described by Cain (1950). The Raunkiaer system was
used to classify species in this study by plant adaptation
to ecological conditions (Mera et al. 1999).

The presence or absence of a species in a sampling
unit is important to the characterization of different
communities (Dai et al. 2006). However, not all species
contribute equally to identifying groups, making key
indicator species valuable in community classification.
For this purpose, a number of approaches have been
developed and the species indicator value (IV) method
by Dufréne and Legendre's (1997) has been commonly
applied (e.g., Dai et al. 2006). The IV method is an
explicit approach for detection of indicator species at

Fig. 2 Sampling plots for plant
species in main and secondary
roads in up and down slopes
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various distances from forest roads to identify similari-
ties (or groups) in sample compositions by combining
the species abundance of each group with the occur-
rence likelihood of a species in that group (McCune and
Grace 2002; Dai et al. 2006). As a consequence, an
indicator species is characterized with a high IV (Dai
et al. 2006). In this study, we used IV method to find
indicator species together with Monte Carlo test to eval-
uate the statistical significance of IV (Dufréne and
Legendre 1997).

The diversity of herbaceous plant species was
calculated in each plot using Shannon-Wiener index,
species richness (number of herbaceous species), and
Pielou’s index (Magurran 2004). These indices have
been broadly used for calculating species diversity in
ecological literatures (e.g., Watkins et al. 2003;
Elliott and Knoepp 2005).

Cut slope
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Past Ver. 2.17 software was used to calculate all the
indices for each plot. To explore differences between
main and secondary forest roads and between cut and
fill slopes, two-way ANOVA was used (Bihamta and
Zare Cahouki 2008). To choose the best model describ-
ing correlation of diversity indices to distance from the
road, we evaluated linear, polynomial, power, logarith-
mic, and exponential models using the highest adjusted
coefficient of determination (R?) as discriminate, as well
as smallest Akaike’s Information Criterion (AIC). AIC
was used as it offers an estimate of information lost
when a model is used to represent processes generating
the observed data (Akaike 2014). All statistical analyses
were conducted using R Ver. 3.0.1 software (R
Development Core Team 2013).

Results

We recorded 62 herbaceous plant species distributed
among 34 families (Table 1). The family with the
greater number of species was Cyperaceae (five spe-
cies). Twenty families (58.8%) were represented by
only a single species. The biological spectrum of the
study plots had a high proportion of hemicryptophytes
(54.8%), followed by cryptophytes (25.8%),
therophyte (11.3%), phanerophytes (4.8%), and cham-
aephytes (3.3%). We identified five exotic species
(Arum maculatum L., Vincetoxicum scabrum L.,
Dentaria bulbifera L., Equisetum telmateia L., and
Sanicula europaea L.), which belong to five different
families.

Overall, we found 20 indicator species along
main and secondary forest roads along the main
slopes (Table 2). Most of these species were clas-
sified as hemicryptophytes (45%). Near the main
roads, 10 species were found to be indicator species
(six and four species in up and down slopes);
similar results were obtained in the secondary road.
Most (60%) of these species were indicators of no
distance from road edges (50% of them are
hemicryptophytes). The highest mean value of
Shannon-Winner index (2.01) and species richness
(11.25) were found to be in the down slope of main
road, whereas the highest mean value of Pielou’s
index (0.86) was found to be in the up slope of the
main road. Overall, the mean amount of Shannon-
Winner index and species richness in the secondary

roads were higher than main roads, and vice versa
for the Pielou’s index (Table 3).

Shannon-Wiener diversity index at different dis-
tances (F = 9.87, P = 0.05) from the road edge, up and
down slopes (F = 66.71, P = 0.019), and interaction
between forest roads and slopes (F = 6.04, P = 0.031)
were significantly different. Also, the interaction be-
tween slope and distance was significant (F = 2.85,
P =0.032).

The results showed how Shannon-Wiener diver-
sity index was generally higher below the road than
above the road for both main and secondary forest
roads (Fig. 3 and Table 3). The overall trend was a
decrease of index values with increasing the dis-
tance from the road. The decreasing trend contin-
ued up to 60 m from forest road margin, and after
that, the index increased or reached a steady value
(excepted main road, up slope from the road).
Tukey test (P < 0.05) showed a significant differ-
ence between road distance and Shannon-Wiener
diversity index in up slope of main road (i.e., road
edges showed higher values with respect to other
distance) and down slope of secondary road (i.e.,
20, 30, 60, and 100 m values were significantly
lower than those measured in road edges and 5 m
distance transects).

As for species richness, our results showed the
number of species sampled at different distances
from road edges (up to 100 m) was significantly
different (F = 9.34, P = 0.013). Also, there was a
significant difference in terms of species richness
between up and down slopes (F = 33.04,
P = 0.041), and the interaction between slope and
road was also significant (F = 22.59, P = 0.017).
The trends of species richness index in main and
secondary forest roads and in down and up slopes
are shown in Fig. 4. Species richness index in down
slope was generally higher than in up slope (Fig. 4
and Table 3). Species richness index decreases with
increasing distance from the road edge. However,
for secondary road in down slope, decreasing trend
of species richness index continued up to 60 m, then
the index value increased. Moreover, Tukey test
(P < 0.05) suggested that there was a significant
difference between road distances and species rich-
ness index in up slope of main road (i.e., 0 m was
higher than to another distance) and in down slope
of main road (i.e., zero meter was higher than to 45
and 100 m).
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Table 1 Family and floristic life-form of identified plant species in Kheyrud Forest, north of Iran

No. Species Family Biological spectrum Native/Exotic
1 Sanicula europaea Apiaceae/Umbelliferae H E
2 Vincetoxicum scabrum Apocynaceae H E
3 Arum maculatum L. Araceae C E
4 Hedera pastuchovii Woron Araliaceae Ph N
5 Asplenium adiantum-nigrum L. Aspleniaceae H N
6 Athyrium filix-femina (L.) Roth. Athyriaceae H N
7 Epimedium pinnatum Fisch. in DC. Berberidaceae C N
8 Blechnum spicant L. Blechnaceae H N
9 Alliaria petiolata (M.B.) Cavara & Grande. Brassicaceae H N
10 Nasturtium officinale R. Br. in Aiton H N
11 Dentaria bulbifera H E
12 Sambucus ebolus L. Caprifoliaceae H N
13 Willemetia tuberosa Fisch. & C. A.Mey. ex DC. Compositae H N
14 Calystegia sepium L. Convolvulaceae C N
15 Calystegia sylvestris C N
16 Festuca drymeia Mert. & Koch in Roehling H N
17 Sedum stoloniferum S. G. Gmel Crassulaceae Ch N
18 Carex divulsa Stokes in With Cyperaceae H N
19 Carex griolitii Romer in Schkuhr C N
20 Carex remota L. H N
21 Carex Strigosa Hudson H N
22 Carex sylvatica Hudson H N
23 Dryopteris affinis (Lowe) Fraser-Jenk Dryopteridaceae H N
24 Dryopteris carthusiana (Vill.) H. P. Fuchs C N
25 Polystichum aculeatum (L.) Schott H N
26 Polystichum setiferum (Forssk.) Woynar C N
27 Equisetum telmateia L. Equisetaceae C E
28 Euphorbia amygdaloides L. Euphorbiaceae Ch N
29 Mercurialis perenis L. C N
30 Geranium robertianum L. Geraniaceae Th N
31 Microstegium vimineum (Trin.) A. Camus Gramineae Th N
32 Hypericum anderosaemum L. Guttiferae/Clusiaceae H N
33 Hypericum perforatum L. H N
34 Hypericum undilatifolium H N
35 Luzula forsteri (Smith), DC. in Lam. & DC. Juncaceae H N
36 Scutellaria tournefortii Benth. Lamiaceae/Labiate H N
37 Prunella vulgaris L. H N
38 Lamium album L. H N
39 Mentha aquatica L. C N
40 Ruscus hyrcanus Woron. Liliaceae Ph N
41 Circaea lutetiana L. Onagraceae C N
42 Ophioglossum vulgatum L. Ophioglossaceae C N
43 Cephalanthera caucasica Kranzl Orchidaceae C N
44 Plantago media L. Plantaginaceae H N
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Table 1 (continued)

No. Species Family Biological spectrum Native/Exotic
45 Plantago major L. H N
46 Veronica polita Fries Th N
47 Bromus benekenii (Lange) Trimen Poaceae C N
48 Oplismenus undulatifolius (Ard.) P. Beauv. Th N
49 Poa nemoralis L. H N
50 Setaria viridis (L.) P. Beauv Th N
51 Brachypodium sylvaticum P. Beauv H N
52 Polygonum lapatypholium L. Polygonaceae Th N
53 Rumex acetosella L. H N
54 Cyclamen persicum Primulaceae C N
55 Primula heterochoroma Stapf. H N
56 Fragaria vesca L. Rosaceae H N
57 Potentilla reptans L. H N
58 Rubus hirtus Waldst & Kit. Ph N
59 Geum urbanum L. H N
60 Asperula odorata L. Rubiaceae Th N
61 Solanum kiesertzkii C.A. Mey. Solanaceae C N
62 Viola alba Bess. Violaceae H N

Ph phanerophyte, Ch chamaephyte, H hemicryptophyte, C cryptophyte, 7/ throphyte, N native, E exotic

Pielou’s index was computed from data collect-
ed from different distances from road edge and for
the value of this index interaction of slope and
road did not show significantly differences
(F =202, P=0.14; F = 8.82, P = 0.23, respec-
tively). Pielou’s index increases when distance
from road edge increases in main road in both of
up and slopes, and conversely, trends were shown
in secondary roads (Fig. 5). Tukey test (P < 0.05)
showed that there was a significant difference be-
tween road distances and Pielou’s evenness index
only in down slope of secondary road (i.e., the
index was lower for 20 m than for 0 and 5 m
distance).

Discussion

The results achieved in this study highlighted the
impacts of main and secondary roads on herba-
ceous forest plant diversity, supporting the scien-
tific literature concerning road ecology in temper-
ate areas (e.g., Watkins et al. 2003; Hansen and
Clevenger 2005; Avon et al. 2010). In this work,

we focused on the impact of roads in temperate
forests diversity, considering their effects on the
plant communities along main and secondary roads
(both up and down slopes) in Hyrcanian forest,
Northern Iran.

A total of 62 herbaceous species were identified
in the study area, in agreement to what was reported
by Esmailzadeh et al. (2012) in the east of
Hyrcanian forest, who found 58 herbaceous species
in Gorgan forest. The most represented family in the
collected set of species was Cyperaceae. This is not
surprising, since Cyperaceae is a large family, being
the third largest family of monocotyledons occurring
across a wide range of altitudes, 0 to 5000 m
A.M.S.L. Mline and Mline 1975; Ghosh and Maiti
2014). Moreover, many species in this family have a
high tolerance for extreme temperatures and poor
soils (Mline and Mline 1975).

The biological spectrum of plants reflects their
adaptive response to the environment and provides
an ecological classification that may be indicative of
habitat conditions (Siadati et al. 2010). The highest
proportion of biological spectra of this study was
allocated to hemicryptophytes (54.8%). This result

@ Springer
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Table 2 Monte Carlo permutation test of significance of observed maximum indicator value (IV) for each species in main and secondary

forest roads, Kheyrud forest, north of Iran

Species Main road  Secondary road Distance Biological IV IV from randomized P
(m) spectrum groupsMean
Up Down Up Down

Geum urbanum L. * = - - 0 H 49.6 19.2 0.015
Mentha aquatica L. * = - - 0 C 62.8 19.1 0.003
Microstegium vimineum (Trin.) A. Camus *  — - - 0 Th 100.0 19.3 0.002
Poa nemoralis L. * - - - 0 H 95.8 17.6 0.002
Prunella vulgaris L. * - - - 0 H 100.0 19.9 0.002
Mentha aquatica L. * - - - 0 C 68.0 20.2 0.001
Microstegium vimineum (Trin.) A. Camus —  * - - 0 Th 75.0 19.6 0.005
Poa nemoralis L. - * - - 0 H 65.8 17.8 0.006
Sambucus ebolus L. - % - - 0 H 77.1 18.6 0.001
Setaria viridis (L.) P. Beauv. - * - - 0 Th 75.0 21.8 0.002
Mentha aquatica L. - - * - 0 C 74.5 20.1 0.0080
Poa nemoralis L. - - * - 0 H 482 16.6 0.021
Solanum kiesertzkii C.A. Mey. - - * - 30 C 40.0 19.7 0.020
Cyclamen persicum - = * - 45 C 42.5 18.0 0.010
Festuca drymeia Mert & WDJKoch. - - * - 60 H 48.6 19.9 0.020
Circaea lutetiana L. - - * - 100 C 36.8 18.9 0.027
Feragaria vesca L. - - - * H 403 214 0.041
Mentha aquatica L. - - - * C 48.8 18.0 0.018
Poa nemoralis L. - - - * H 46.7 18.4 0.037
Solanum kiesertzkii C.A. Mey. - - - * 60 C 40.0 18.6 0.029

Asterisk denote the indicator species in each distanceP/ phanerophyte, Ch chamaephyte, H hemicryptophyte, C cryptophyte, and 7h

throphyte

is in agreement with what found by Morre (2008) in
temperate forests. It is important to note that
hemicryptophyte-dominated flora has also been

found to be typical in moist to humid temperate
regions (Raunkiaer 1934) and in deciduous and
mid-altitudinal forests (Raju et al. 2014).

Table 3 Statistics of Shannon-Winner index (H), species richness (S), and Pielou’s index (E) for plots along main and secondary roads.

Statistics Main roads Secondary roads

Up slope Down slope Up slope Down slope

H S E H S E H S E H S E
Max 223 13.25 091 2.21 14.5 0.89 2.15 12 0.87 2.24 12 091
Mean 1.81 8.61 0.86 2.00 11.25 0.83 1.88 10.08 0.82 2.00 10.33 0.84
Min 1.67 7.25 0.77 1.86 9.25 0.75 1.75 9.25 0.77 1.78 8.75 0.75
SE 0.04 0.5 0.03 0.05 0.54 0.02 0.05 0.45 0.03 0.05 0.53 0.02
CV(%) 6.29 17.47 10.13 7.62 14.32 7.48 8.46 13.44 10.49 7.72 15.53 5.38

SE standard error, CV coefficient of variation
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Fig. 3 The Shannon-Wiener diversity index (/) in main and secondary forest roads in both up and down slopes. AIC and R* denote that
Akaike’s Information Criterion and adjusted R-squared, respectively

Since roads can act as both corridors for invasion and
suitable habitat, they facilitate the spread of exotic plants
(e.g., Tyser and Worley 1992; Watkins et al. 2003;
Godefroid and Koedam 2004; Pauchard and Alaback
2004; Flory and Clay 2006; Honu and Gibson 2006). In
this study, we found five exotic plant species whose
distribution appeared to be restricted to the highly light
environment, up to 10 m far from main road and 5 m
along secondary road. The combination of high propa-
gule pressure and favorable growing conditions allows
exotic plants to establish themselves along roadside
edges in many ecosystems (Tyser and Worley 1992;
Forman and Deblinger 2000; Parendes and Jones
2000; Gelbard and Belnap 2003; Watkins et al. 2003;
Barton et al. 2004; Flory and Clay 2006). It is well
known that at their borders, forests face changed light
conditions and increased disturbance. These abiotic con-
ditions generally promote higher plant species diversity
by encouraging the establishment of more exotic species

(e.g., Bernhardt-Romermann et al. 2006). This edge
effect was also found in the current study, even though
the encroachment of exotic species was limited to the 0
and 10 m plots (in main road) and 0 to 5 m (in secondary
road; occurrence of exotic species, e.g., A. maculatum
L., V. scabrum L., and Sanicula europea L.). S. europea
may prove to be one of the more aggressive exotic
competitors of native plant species in the study area
due to its size and history of rapid colonization of
ditches, swamps, and other aquatic area. A. maculatum
is another highly invasive exotic species widespread
across most of Europe and Turkey (Pritchard et al.
1993). Light availability along the forest road and in
the adjacent forest is only one of the reasons underlying
the presence of A. maculatum in the sampled plots.
Indeed, warmer temperature linked with more solar
radiation influence seed development on the parent
plants with respect to dormancy status (Pritchard et al.
1993). This species’ shorter duration of dormancy has
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been observed during exposure to one or a combination
of drought, high nitrogen, and warm temperature con-
ditions (Fenner 1991). All these environmental condi-
tions have been reported in previous work regarding
forest roadway impacts on the proximal forest interior
habitat (<10 m away from road edge, e.g., Parendes and
Jones 2000; Weathers et al. 2001). For example,
Weathers et al. (2001) showed that forest edge (0 to
25 m) have received greater amount of nitrogen than
forest interior. V. scabrum is another exotic species that
we observed along forest roads. This species is native of
the Himalayan region and has been indicated with a high
invasion potential (Eivazi 2013). D. bulbifera is natu-
rally distributed in northern and central Europe, usually
found in calcareous soils (Hultén 1971). We found the
species mainly on calcareous soils (Deljouei 2013),
confirming what reported in the literature. E. telmateia,
another exotic species collected in this study, has been
reported in literature as a potential invasive species
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(Hyde et al. 1978; Eivazi 2013). Found in seepage lines
and open woodlands, E. telmateia commonly forms
large clonal colonies. The auto-ecology of this exotic
species indicates that the low light levels inherent to
forest interior conditions may provide an invasion bar-
rier (Brothers and Spingarn 1992; Buckley et al. 2003).
Therefore, any non-natural alteration of physical, envi-
ronmental, and biological barriers allowing more solar
radiation to reach the ground facilitated the establish-
ment of exotic plant along the road side up to 5 and 10 m
in secondary and main roads, respectively. We hypoth-
esize that, in our study area, processes driving the arrival
and establishment of exotic species include: (1) an initial
mechanical damage to forest structure during the road
building and utilization; (2) the creation of suitable
seedbeds with bare mineral soil and high level of light
moisture, and nutrients that are required by some exotic
species; and (3) the presence of multiple human and
natural dispersal vectors.
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Information Criterion and adjusted R-squared, respectively

The analysis based on the species indicator value
(IV) method provided by Dufréne and Legendre's
(1997) allowed us to find a set of indicator species for
each road distance class (Table 2). In particular, we
found that Festuca drymeia and Circaea lutetiana were
indicator species for 60 and 100 m distance classes in
secondary roads’ up slopes, and Solanum kiesertzkii was
found to be an indicator species for the 60-m distance in
secondary roads’ down slope. These species established
themselves in closed canopy areas, suggesting higher
shade tolerance than species situated only 5-10 m from
the edge of forest roads. Forest interior plots (i.e., 60 and
100 m plots) appear to be influenced greatly by high
shade, leaf litter, and moisture. Geum urbanum, Mentha
aquatica, Microstegium vimineum, Poa nemoralis,
Prunella vulgaris, Microstegium vimineum, Sambucus
ebolus, Setaria viridis, and Feragaria vesca were all
found to be as indicator species of forest edges. There
are likely more occurrences of this species at road edge

due to the high availability of light and high tolerant to
road-associated disturbance (Eivazi 2013).

All the considered diversity indices decreased when
distance from road edge increases. This decreasing trend
continued up to 60 m from forest road margin, and after
this threshold, the index slightly increased (except for
main road in up slope). Avon et al. (2010) found con-
struction of forest roadways impacted plant community
composition, resulting in different communities be-
tween road verge and forest interior that extended
<5 m into the forest. Frequent disturbances are intrinsic
to road verges, including nutrient rich soil (Trumbulak
and Frissell 2000; Flory and Clay 2006) and sunlight
exposure (Parendes and Jones 2000; Watkins et al.
2003; Flory and Clay 2006). Enhanced sunlight expo-
sure, storm water runoff, and vehicular traffic along
roads also aid transportation of seeds via wind, water,
and animal movements (Forman and Alexander 1998;
Trumbulak and Frissell 2000; Myers et al. 2004; Flory
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and Clay 2006). Previous results showed that diversity
indices decreased with increasing distance from roads
(Zeng et al. 2010; Lotfalian et al. 2012). Our results are
in agreement with this trend, showing that road con-
struction may contribute to an increased diversity and
richness of plant species along roads in the study area.
Furthermore, our results find forest roads can strongly
influence the diversity of plant communities. Roadway
disturbances (e.g., traffic) and maintenance have been
shown to decrease the nearby plant community’s spe-
cies richness (Godefroid and Koedam 2004; Neher
et al. 2013). The decrease of species richness index
(S) with increased distance from the road could be
temporary, with plant species richness declining with
the eventual closing of the canopy and recovery of
compacted soils, as found by Buckley et al. (2003).
This is in accordance with past research, which
showed that species richness increased in the vicinity
of roads (Laurance 2000; Fahrig and Rytwinski 2009;
Berenji Tehrani et al. 2015).

The road type also impacted the overall diversity
of plant communities, with a higher average of
Shannon-Winner index and species richness associ-
ated to secondary roads compared to main roads. The
traffic along secondary roads is usually much less
than along main roads, providing less disturbance,
which favors introduced generalist species. Traffic
impacts on environmental conditions surrounding
roadways were a result of the construction distur-
bance and road material- and traffic-related pollution
(Angold 1997; Spellerberg 1998).

Conclusions

The results achieved in this work showed significant
differences in terms of plant composition and diversity
up to 10 m from forest road margins, similar to what was
reported by other studies. Moreover, we found five
exotic plant species spread in the forest habitats up to
10 m far from main roads and 5 m along secondary
roads. We suggest that a thorough monitoring of vege-
tation after road construction should be included in local
forestry plans for a sustainable management of forest
systems. Indeed, only careful planning of forest road
building activities and a forest management based on
ecological grounds will allow to minimize the effect of
road construction on forest structure. When considering
road impact buffers and managing the areas surrounding

@ Springer

roads (e.g., through exotic weed control, selective cuts
as well as road closure), road planners and managers
should monitor microclimatological shifts along road
edges, test their spatio-temporal stability, and assess
their relationships with ecological processes. This will
aid the design of road schemes less affecting for forest
plant diversity, and the integration of road management
and construction practices into forest conservation.
More attention should be focused on predicting, plan-
ning, monitoring, and assessing the cumulative impacts
of roadway design, construction, maintenance, and use
in forests. Currently, environmental assessment methods
and data are insufficient to meet rapid assessment ob-
jectives. However, in situ and remote sensing monitor-
ing equipment as well as data compilation, analysis, and
modeling techniques are continually being introduced
and improved. Advances in computer technology grant
practitioners quick access to these monitoring and data
handling tools. These new tools have substantially im-
proved environmental assessment of roadway impacts
to plant communities (Transportation Research Board
and National Research Council 2005).
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