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Mechanized skidding is among the most significant disturbance factors in Hyrcanian
forests, causing substantial physical and biological alterations to the forest floor. This
study examines the mid-term impacts of skidding on forest floor herbaceous vegetation.
The research was conducted in 2025 in the Kheyrud Educational and Research Forest.
Four compartments with time since harvest (7, 10, 15, and 20 years) were selected, and
within each compartment, sampling plots were established on skid trails with different
traffic intensities (low, medium, high, and landing areas) as well as in control areas. Soil
physical properties (bulk density, penetration resistance, and soil porosity percentage),
litter depth and quality, light intensity, and herbaceous vegetation cover were measured.
Simpson's, Shannon-Wiener, Evenness, and Margalef biodiversity indices were also
calculated. The results demonstrated that soil compaction resulting from skidder traffic
significantly increased soil bulk density (62%) and penetration resistance, while
decreasing soil porosity (49%), as well as litter depth and quality. These physical
alterations to the soil and litter, coupled with a 4- to 5-fold increase in received light, led
to changes in species composition and the structure of the herbaceous community. The
density of herbaceous plants on skid trails was, on average, nearly twice that of the control
areas; however, this increase was driven by the dominance of pioneer and light-
demanding species. The results indicated that vegetation is strongly influenced by
skidding operations, and that changes in light availability, litter characteristics, and soil
compaction are key factors governing alterations in forest floor herbaceous vegetation.
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Introduction

The Hyrcanian forests, covering approximately two million hectares, represent one of the world's most
valuable and unique forest ecosystems, playing a vital role in maintaining regional ecological balance
and providing numerous environmental services. However, in recent decades, pressures from human
activities, including timber harvesting, have threatened these valuable ecosystems. Mechanized logging
operations are often accompanied by the use of heavy machinery. The machine traffic on skid trails
leads to soil compaction, which alters the soil physical structure, reducing porosity, increasing bulk
density, and decreasing permeability, thereby creating unfavorable conditions for plant root growth and
microbial activity. The adverse effects of machinery traffic can persist for several decades. As a critical
component of forest ecosystems, herbaceous understory vegetation is particularly susceptible to soil
compaction due to its proximity to the soil surface and sensitivity to environmental changes. Alterations
in soil structure can directly, through restricting root development, and indirectly, through modifying
access to resources such as water, nutrients, and light, transform the species composition and diversity
of herbaceous plants. Despite numerous studies on the impacts of harvesting on soil properties and
vegetation in the Hyrcanian forests, a comprehensive investigation about the mid-term effects of soil
compaction on the dynamics of herbaceous communities, considering varying disturbance intensities
and their interaction with other environmental factors such as litter and light, has received less attention.
The objective of this study is to assess the impact of soil disturbance caused by logging operations on
the quantitative and qualitative characteristics of herbaceous vegetation in the Hyrcanian forests over a
mid-term period (7 to 20 years).

Material and Methods

This research was conducted within the Namkhaneh and Gorazbon districts in the Kheyrud Forest. Four
compartments with different time since harvest (7, 10, 15, and 20 years) were selected. In each
compartment, sampling plots (1x1 m) were established on skid trails with varying traffic intensities
(flow, medium, high, and landing areas) and in control areas (located 10 m from the trail edge). A total
of 144 quadrats (96 on skid trails and 48 in control areas) were sampled in three replications (May,
August, and October 2025). Herbaceous plants within the quadrats were counted and identified using
authoritative references. Soil physical properties, including bulk density, porosity, and penetration
resistance, were measured using steel cylinders and a pocket penetrometer. Litter depth was measured
with a ruler, and samples were collected to determine carbon percentage (Walkley-Black method),
nitrogen percentage (Kjeldahl method), and C/N ratio. Light intensity was measured using a lux meter.
Biodiversity indices including Simpson, Shannon-Wiener, Evenness, and Margalef were determined.
Data were analyzed using two-way analysis of variance (ANOVA), and means were compared using
Tukey's test at a significance level of 0.05.

Results

The results showed that logging operations had a significant effect on all soil physical properties
(P<0.01). The mean soil bulk density in landing areas was 1.34 g cm~3, which was 49% higher than in
control areas (0.95 g cm™3). Total soil porosity on skid trails was decreased by an average of 37.96%
compared to control areas (65.19%). Penetration resistance in landing areas was experienced a 91%
increase (2.59 MPa compared to 1.36 MPa in control areas), and even after 20 years, low-traffic trails
still showed a 50.55% increase compared to the control. Litter depth on skid trails was decreased by
approximately 50% relative to control areas. Litter carbon content on skid trails was reduced by 35.45%,
and litter nitrogen also showed a 7.87% decrease. Light intensity on skid trails, especially in
compartments with a time since harvest of 7 years, was 4 to 5 times higher than in control areas. In total,
41 species of herbaceous plants belonging to 28 families were identified, and 7,987 individual plants
were counted. The density of herbaceous plants averaged 129.37 per quadrat on skid trails compared to
18.51 in control areas. Dominant species on skid trails included Oplismenus undulatifolius (2,001
individuals), Euphorbia amygdaloides (1,684 individuals), and Viola alba (1,312 individuals), while in
control areas, species such as Asperula odorata and Sanicula europaea were dominant. The Simpson
diversity index ranged from 0.63 to 0.87 on skid trails and from 0.75 to 0.87 in control areas. The mean
Shannon-Wiener index was 1.93 on skid trails and 2.01 in control areas. The Evenness index in the 7-
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year landing area (0.69) showed a 26.3% decrease compared to its control (0.92). The Margalef index
exhibited the highest values in low-traffic trails of the 15-year-old compartment (3.79) and medium-
traffic trails of the 20-year-old compartment (3.43).

Discussion and Conclusion

Our findings confirm that logging operations have a profound and enduring impact on the herbaceous
vegetation of the Hyrcanian forests. Litter layer degradation and the substantial increase in understory
light availability have fundamentally altered the ecological conditions of the forest floor. These changes
have led to an ecological shift from a diverse and stable community of shade-tolerant native species to
a simplified community dominated by invasive, light-demanding species such as Oplismenus
undulatifolius, Euphorbia amygdaloides, and Viola alba. Although the density of herbaceous plants on
skid trails increased to nearly double that of control areas, the analysis of biodiversity indices indicates
that this increase results from the dominance of a limited number of species, showing the degradation
of the natural forest structure. The Evenness index, as a sensitive bioindicator, showed a significant
decrease under high disturbance intensities. Notably, higher values of some indices on skid trails
compared to controls should not be mistakenly interpreted as improvement; rather, they reflect the
replacement of native species by invasive ones. For the sustainable management of Hyrcanian forests,
it is essential to implement soil compaction mitigation strategies during the planning and execution
phases of logging operations. These include optimizing trail networks, utilizing lighter machinery, and
avoiding operations under wet soil conditions. In areas with severe disturbance, particularly landings,
active management interventions such as mulching and seeding with native pioneer species can
accelerate the ecosystem recovery process. Regular monitoring of herbaceous vegetation and
biodiversity indices, especially the Evenness index, should be considered an integral part of forest
management programs.
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Table 3. Changes in depth and physico-chemical properties of litter across time since harvest and traffic intensities
following skidding operations (mean + standard deviation)
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Table 4. Changes in light intensity (lux) across different ages and traffic intensities (mean + standard deviation)
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Table 5. Floristic list of species in the study area

ole pU o3lgils ) pb SIS g gy e
Asperula odorata L. Rubiaceae K &y Geo PL sile Spone 131
Asperula odorata L. Rubiaceae Y sl Geo PL sile Spoe 50

Arum maculatum Araceae Sosms 5 Geo ES sile Sy 4
Brachypczﬁ;glrpdglvatlcum Poaceae SN 9ol (e Hem PL ol 241
Cardamine bulbifera Cruciferae WL S5 Hem ES sile Spoye 160
Carex pendula L. Cyperaceae S o Geo ES oS 154
Circaea lutetiana L. Onagraceae b S5 ygudl Geo ES, ITM eSpn 34
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Cyclamen persicum Primulaceae oS Hem ES Sle Spoe 26
Cyclamen europaeum L. Primulaceae o yo 4 Geo ES wsile S o 55
Drypotris affines L. Aspidiaceae ENC SN Geo ES U oo 46
Epimedium pinnatum L. Podophyllaceae Sl Geo Hyr e Spoe 25
Epipactis helleborine (L)Crantz Orchidaceae ol Geo PL e S o 37

Euphorbia amygdaloides L. Euphorbiaceae O9dyd Geo ES sile Sy 1684
Fragaria vesca L. Rosaceae N8 g Geo ES, IT Sile Spoe 4T
Geum urbanum L. Rosaceae Sl Gile Hem ES e S o 55
Geranium cinereum Geraniaceae posly Geo IT sile S o 7
Geranium sp. Geraniaceae obe> Higw Hem ES wsile S o 18
Hypericum androsaemum L. Hypericaceae sl Cha ES Shle Spoee 44
Luzula pilosa (smith)DC. Juncaceae K g5l Geo ES, M ol 43
Urtica dioica Lamiaceae &35 Geo ES, M wsile S o 42

Lamium album L. Lamiaceae Sy &35 Geo ES, M sile Sy 376
Lamium amplexicaule L. Labiatate el dbw K5 Geo ES, M ile S 9
Lapsana communis Asteraceae Sdy S5 Th ES, IT ik Sppe 25
Lathyrus sativus L. Fabaceae JIES Th IT-ES Sl S ok 1
Menta aquatic L. Lamiaceae g o) g Hem IT sile S o 36
Mentha sp. Lamiaceae S 4 Hem IT Shle Spoe 93

Mentha piperita Lamiaceae sl gl Hem ES, IT'M  deSpeme 262
Mercurialis perennis L. Euphorbiaceae g ile Geo ES, M ils Spoee 19

Oplismenus undilatifolius L. Poaceae cile He Es, M S poke 2001
Oplismenus undulatifolius (Ard) Poaceae S o) Hem ES, M oS 36

Poa sp. Poaceae Aol S Th ES, IT ols 269
Potentilla reptans L. Rosaceae Sy ey Hem ES,IT e Spoe 46

Prunella vulgaris L. Lamiaceae oo glix Hem ES, IT, M ie Sy e 199
Rubus hyrcanus Juz. Rosaceae Sy Sl Ph ES Sle Sy e 52
Rumex acetosella L. Polygonaceae Sy He PL ils Sy 23
Sambucus ebulus L. Caprifuliaceae ksl Geo ES,IT, M  _adle Spowe 9
Sanicula europaea L. Apiaceae dabig> Hem PL e Spoe 69
Scutellaria tournefortii Beneth. Lamiaceae K iy Th IT sile S o 27
Solanum kieseritzkii C.A. Mey. Solanaceae W gl Cha ES sile Sy 41

Viola odorata L. Violaceae i dasan Hem ES-M sile Sy 186

Viola alba Bess. Violaceae S Audly Hem ES shle Spone 1312
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Figure 1. Differences in mean herbaceous plant abundance between skid trails and control areas, categorized by
species (10 most abundant herbaceous species)
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Table 6. Analysis of variance for the effects of traffic intensity, time since harvest, and their interaction on herbaceous
species density
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Figure 2. Comparison of mean and standard deviation (error bars shown) of herbaceous species richness across
different ages and traffic intensities. Different letters indicate significant differences between means at the 95%
probability level.
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Table 7. Changes in biodiversity indices (Simpson, Shannon-Wiener, Evenness, and Margalef) across different ages
and traffic intensities (mean * standard deviation) *
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