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Abstract

Biodiversity is an important structural feature of dynamic and complex forest ecosystems. One of the
most challenging and important issues in assessing the structure of forest ecosystems is understanding
the relationship between biodiversity and environmental factors. Hyrcanian Forests are considered a
biodiversity hotspot in the world and have special and unique features that have led to an emphasis and
importance of biodiversity conservation in these forests. The aim of this study was to investigate the
effect of biotic and abiotic factors on the diversity and richness of tree species in Hyrcanian Forests from
the west of Gilan province to the east of Golestan province. For this purpose, using 655 fixed sample
plots (0.1 hectare), the diversity of trees in 3 provinces in the northern Iran from east to west of the
Caspian Sea was analyzed. A combination of non-parametric models including random forest (RF) and
support vector machine (SVM) and linear regression models were used to investigate the relationship
between tree diversity and biotic and abiotic factors. Biotic and abiotic variables included the number
of trees per hectare, diameter, respectively. Basal area (BA), Basal Area in Largest tree (BAL), slope,
aspect and elevation. Evaluation statistics including the coefficient of determination, RMSE and
percentage RMSE error showed that the random forest model was the best model to determine the
relationship between biodiversity and environmental factors and has suitable accuracy for determining
biodiversity changes in the northern forests of Iran.
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Extended Abstract

Introduction

Hyrcanian Forests are one of the most important resources in the world and biodiversity is a key factor
in their role. The forests of northern Iran are one of the richest forest ecosystems in the temperate regions
of the world in terms of plant species diversity. There are many species of trees and shrubs naturally in
these forests. Topographic factors (altitude, slope and aspect) have the greatest impact on plant diversity
in these forests, because the emergence of vegetation is the result of collisions and interactions between
vegetative elements and physical environmental factors. Biodiversity is an important structural feature
in dynamic and complex forest ecosystems that is influenced by a variety of factors in determining its
changes. The use of modeling and statistical principles helps to understand these changes. However, one
of the most challenging issues in modeling forest ecosystems understands the relationship between
biodiversity and environmental factors.

Machine learning technologies using a set of statistical and modeling approaches, their application to
identify patterns and hidden relationships in the database has been proven; also with large data
technology and high-performance, computing methods a new one has been created for analysis in natural
resources. The potential of using these programs for the multi-factor forecasting and processes makes
this computer-based tool a powerful approach to forest modeling and management. The aim of this study
was to investigate the effect of the biotic and abiotic factors on the diversity of trees in Hyrcanian Forests
in northern Iran. For this purpose, a combination of non-parametric models and parametric models has
been used. This study is unique in that the selected forest areas are very comprehensive and cover almost
the entire Hyrcanian forest from west to east.

Materials and Methods

Forest areas have been selected to cover all Hyrcanian Forests from west to east and the sample plots
are well distributed throughout the forest (Figure 1). In this study, 15,988 trees were measured in 655
fixed circular sample plots (0.1 ha). In all habitats, the same method was used to collect data. A
rectangular census network with dimensions of 200 x 150 m was established in the forest area. Diameter
and species type of all living trees with a diameter of more than 7.5 cm were measured using a caliper
ruler. Other characteristics of the sample plots such as slope, aspect and altitude, distance and azimuth
between the trees in each sample plot relative to the center of the sample plot were measured and
recorded. Due to the mix and heterogenous forest stands and in order to prepare the height curve in each
sample plot, the tree closest to the center of the sample plot and the thickest tree in terms of height and
diameter were measured.

Discussion of results

In this study, two machine learning methods as well as statistical analysis were used to model the
biodiversity of trees in Hyrcanian forests.

The results of the linear multivariate regression showed that the mean of the Shannon index was 0.67
(SE = 0.38) and ranged from 0 to 1.64. The following shows the relationship between Shannon diversity
index with physiographic factors and biotic factors (diameter, basal area and basal area of the thickest
trees per square meter per hectare) which were significant.

H = 0/7+ 004/0 (BA) - 005/0 (BAL)

In this regard, R2 = 0.019, the mean square root of the error was 0.58 and the mean residual deviation
(Bias) was 10.97.

In the decision machine vector model, the results showed that the RBF gamma nucleus has the lowest
RMSE in both training and evaluation models.

Shannon index using the random forest method had R2.55, with RMSE of 0.33, BIAS of 0.05, relative
RMSE of 49.86% and relative BIAS of 7.46%. The result shows modeling with multiple linear
regression and a random forest model. As shown in the figure, the stochastic forest model, which was
known as the best machine learning model, and the regression model (parametric model), and height
and BAL, were recognized as the most important factors determining the diversity of tree species,
respectively. The results showed that machine learning methods, especially random forest, are more
accurate than support vector machine.
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Figure 1. Map of Iran (a); Location of studied forests in northern Iran (b)
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Figure 2- Relative importance of predictor variables in regression and random forest
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Conclusions
In fact, with the advent of machine learning methods, the accuracy of solving complex problems in

many areas has increased in recent years. Machine learning methods have been widely used to estimate
and predict many forest features. In general, although machine learning techniques can often be superior
to traditional and regression methods, because they have fewer assumptions about data.
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