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Natural restoration of forest after harvesting operations is one of the most important goals
in forest sustainability. Forestry machine traffic by considering weight, speed, and
intensity have significant impact on forest regeneration and consequently, biodiversity
indices such as dominance, and equitability in the plant communities of forest floor
drastically influenced. The current study has been carried out in the watershed no. 45 in
the Hyrcanian forest and aim to study the skidding operation effect on diversity and tree
species regeneration over a long-term period. Hence, four compartments with time since
harvest of 7, 10, 15, 20 years in the Kheyrud forest (compartments no. 316, 317, 220,
and 221) were selected and sampled. Also, the effect of soil physical properties (porosity
and peneteration resistance), pH, litter (C, N, N/N), and light under different traffic
intensity (landing, low, medium, high), and its influence on biodiversity indexes using
dominance, Shannon, Simpson, Margalef, and equitability were assessed. Results
revealed that skidding operations had drastic effect on forest regeneration and change
species composition as well as plants quantitate. Velvet maple as light-demanding
species increased by 8 percent and shade-tolerant species such as beech diminished by
68 percentages, which can be considered as ecological alarm in the Hyrcanian forest.
Results demonstrated that traffic intensity and time since harvest significantly influenced
on forest regeneration, and also all on the environmental factors were influenced by these
parameters. PCA analyses showed that soil properties including soil penetration
resistance and biodiversity indexes significantly influenced by skidding operations.
There was a positive correlation between litter properties, light and porosity.
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EXTENDED ABSTRACT

Introduction: The Hyrcanian forests of northern Iran, covering approximately two million hectares, represent one of the
world's most valuable temperate deciduous forest ecosystems and serve as important genetic reservoirs of plant and animal
species. However, in recent decades, anthropogenic pressures, particularly timber harvesting, have increasingly threatened
these valuable ecosystems. Harvesting operations constitute an intervention in natural forest areas that creates disturbance,
typically accompanied by risks and damage to the ecosystem. The intensity of these impacts depends on soil
characteristics, stand type and age, machinery weight, and number of machine passes. Undisturbed forest soils, having
high porosity and low bulk density, are particularly susceptible to compaction from machine traffic. Soil compaction alters
physical structure, reducing porosity, increasing bulk density, and decreasing permeability, thereby creating unfavorable
conditions for root growth and microbial activity. The adverse effects of logging machinery traffic on forest soils can
persist for several decades, with some studies suggesting that vegetation recovery following tree harvesting may require
half a century or more. Skid trails differ from interior forest areas due to canopy opening, soil compaction, nutrient loss,
and altered soil moisture, potentially creating differences in vegetation diversity compared to undisturbed areas. Light, as
one of the most important environmental variables affecting species distribution and abundance, is a critical factor in
understory dynamics, with skid trails promoting the growth of light-demanding species over shade-tolerant species. Forest
litter, as one of the most important factors influencing soil physical and chemical properties, is the source of many
biochemical and biological transformations. This study was conducted to investigate the mid-term effects of forest
harvesting and changes in soil physical properties, pH, light, and litter characteristics on biodiversity indices of tree species
in beech-dominated stands over 20 years under different skidder traffic intensity levels.

Materials and Methods: This research was conducted in the Kheyrud Educational and Research Forest, Mazandaran
Province, within compartments 316 and 317 of Gorazbon District (time since harvest of 7 and 10 years) and compartments
220 and 221 of Namkhaneh District (time since harvest of 15 and 20 years). All compartments had beech-hornbeam forest
type with beech dominance and were selected with approximately similar slope, aspect, elevation, soil type, and forest
type conditions. Within each compartment, four traffic intensity levels were identified: log landing, high, medium, and
low. Sampling was conducted using 1x1 m quadrats. For each traffic intensity level, six quadrats were established on skid
trails, and three control quadrats were placed 10 m laterally from trail edges in undisturbed areas, resulting in 144 total
quadrats. Within each quadrat, all tree seedlings were identified and counted. Soil physical properties measured included
porosity and penetration resistance (using a pocket penetrometer). Soil pH was measured using a pH meter. Litter depth
was measured, and litter samples were collected for analysis of carbon (Walkley-Black method), nitrogen (Kjeldahl
method), and C/N ratio. Light intensity was measured using a lux meter. Biodiversity indices including Shannon-Wiener,
Simpson, Margalef, Dominance, and Evenness were calculated. Data were analyzed using two-way ANOVA and
multivariate principal component analysis (PCA) with SAS JMP software.

Results and Discussion: A total of 1,217 tree seedlings belonging to six species were counted across 144 quadrats.
Hornbeam, velvet maple, and lime seedlings were more abundant on skid trails than in control areas, while beech,
Cappadocian maple, and elm were more abundant in controls. Velvet maple, a light-demanding species, exhibited 252
seedlings on skid trails compared to only 31 in controls, indicating that skidding operations created favorable conditions
for its germination. Analysis of variance revealed significant interaction effects between time since harvest and traffic
intensity on tree species diversity (P<0.01), indicating that tree vegetation response depends on both traffic intensity and
ecosystem recovery time. At 7 and 10 years since harvest, all traffic treatments showed significant reductions in tree
seedling numbers compared to controls. At 20 years, low-traffic areas showed 9.67 seedlings compared to 11.33 in
controls, while landing areas remained severely degraded with only 4.17 seedlings. Control areas across all time since
harvest intervals were statistically homogeneous, indicating stable tree species composition in undisturbed forests. Soil
physical properties showed significant differences between skid trails and controls (P<0.01). Landing areas consistently
exhibited the lowest porosity across all time since harvest intervals (43.01% to 51.13%), indicating severe soil compaction.
Soil penetration resistance averaged 1.36 MPa in controls, while values for 7, 10, 15, and 20-year since harvest were 2.69,
2.32,2.23, and 2.07 MPa, respectively, demonstrating greatest damage at 7 years and in landing areas. Recovery was
evident but incomplete after two decades. Soil pH became significantly more acidic in skid trails compared to controls.
Mean pH in controls was 6.83-6.87, while skid trails showed values of 5.45-5.54 at 7-10 years, with partial recovery after
20 years but remaining below control levels. Litter properties were severely affected by skidding operations. Litter depth
in 7-year landing areas was 2.75 cm compared to 8.75 cm in controls. Litter carbon in 7-year landing areas was 14.01%
compared to 24.62% in controls, improving to 18.10% at 20 years but remaining significantly below controls. Litter
nitrogen in 7-year landing areas was 2.07% compared to 2.79% in controls, with some recovery by 20 years. Light
intensity at the forest floor was significantly affected by skidding operations. At 7 years, light intensity in landing areas
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was 652 LUX and in high-traffic areas 1868 LUX, compared to 827 LUX in controls. By 20 years, significant canopy
recovery was evident, with low-traffic areas showing 1574 LUX and landing areas 690 LUX. PCA analysis revealed that
the first two components explained 65.46% of total variance. The first component showed strong positive loadings for
soil porosity, litter carbon, litter depth, and litter nitrogen, while bulk density and penetration resistance showed strong
negative loadings. The second component showed strong positive loadings for Simpson, Shannon, and Margalef indices,
while Dominance showed strong negative loading. PCA ordination showed that 7 and 10-year sites with high traffic
intensity were strongly correlated with degraded soil physical properties, while 15 and 20-year sites showed stronger
correlations with recovering litter properties and pH. Pearson correlation analysis revealed strong positive correlations
between soil porosity and litter carbon, and between penetration resistance and bulk density. Strong negative correlations
were found between porosity and bulk density, and between penetration resistance and litter carbon, highlighting the
critical role of litter in soil nutrient cycling. Among biodiversity indices, strong positive correlations were observed
between Shannon and Simpson, and Shannon and Margalef, while strong negative correlations existed between Shannon
and Dominance.

Conclusion: This study demonstrates that ground-based skidding operations have profound, multidimensional, and long-
term effects on natural regeneration in Hyrcanian forests. The most critical finding is the dramatic shift in species
composition: velvet maple, a light-demanding species, exhibited an 8-fold increase in skid trails, while beech, the
dominant shade-tolerant species, showed a 68% reduction. This represents a serious ecological alarm for the sustainability
of this foundation species. Soil compaction from machinery traffic impedes root penetration and seed establishment of
sensitive species like beech while creating favorable conditions for pioneer species. Litter layer destruction, with 50%
depth reduction and 35% carbon loss, reflects both direct physical damage and accelerated decomposition due to canopy
opening. Reduced C/N ratios signal long-term depletion of soil organic matter pools. Light intensity increases of 284-
620% in skid trails persist for up to 20 years, fundamentally altering understory microclimate. The extremely slow
recovery of soil physical properties indicates that natural restoration processes are insufficient for severely compacted
soils. The theoretical implication is that forest disturbance creates multiple, relatively independent dimensions of impact;
physical, microclimatic, and nutritional, requiring simultaneous improvement across all dimensions for complete
ecosystem recovery. Practically, sustainable forest management must prioritize soil protection during logging operations
through optimized trail networks, appropriate machinery selection, limiting traffic to designated trails, and avoiding
operations under wet soil conditions. For severely disturbed areas, particularly landings, active restoration interventions
such as surface tillage, mulching with native organic materials, and planting native pioneer species may be necessary to
accelerate recovery. Regular monitoring of soil properties, litter characteristics, and tree regeneration using multiple
biodiversity indices should be integrated into forest management programs. Future research should focus on longer-term
monitoring beyond 20 years and experimental testing of restoration techniques.

Keywords: Watershed, skidding operation, Litter, Biodiversity indices, Multivariate analyses.
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