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Extended Abstract

Background and Objective: The stability and sustainability of ecosystems require understanding
the relationships between the distribution of plant species and environmental factors. Species
distribution modeling techniques are recognized as powerful tools to support forest management
strategies in the context of climate change. Boxwood is a shade-tolerant species that is distributed
in the understory of lowland and middle-altitude forests of northern Iran, where it creates a dark
environment in the forest by forming a dense canopy. Due to the widespread destruction of boxwood
habitats in recent decades, this species has been considered part of conservation communities to
prevent its extinction. The main objective of this research is to model the distribution of this species
in the Hyrcanian forests.

Material and Methods: In this study, the distribution of boxwood was modeled using 570 actual
occurrence points in Hyrcanian forests. Bioclimatic variables were extracted from the WorldClim
database and topographic variables from the digital elevation model. VIF test was used to reduce
collinearity. 70% of the samples were assigned as training data for model development and the
remaining 30% as test data for model validation. Modeling was performed using the random forest
algorithm in R environment and using presence and pseudo-absence data, adjusting the model
parameters (500 trees, mtry=2, min_n=5) and validating it by using the 10-fold Cross-Validation
method. Model performance was evaluated with AUC, TSS, overall accuracy, and kappa
coefficient.

Results: The results of the Random Forest model showed that the model has high accuracy in
predicting the distribution of boxwood (AUC=0.98, Accuracy=0.95, Kappa=0.72, TSS=0.63). The
random forest model, using bioclimatic and topographic variables, showed very favorable
performance in predicting the distribution of Hyrcanian boxwood. Evaluation of variable
importance indicated that the bioclimatic variables bio3 (isothermality), biol2 (annual
precipitation), bio8 (mean temperature of the wettest quarter) and biol (annual mean temperature)
had the greatest impact on the distribution of the boxwood species. The response curve of boxwood
to the four important variables was also plotted. The boxwood habitat suitability map identified
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areas with suitable ecological conditions, including large parts of Mazandaran province and the
border areas of the Hyrcanian forests.

Conclusion: Analysis of variable importance showed that isothermality (Bio3) was the most
effective variable, indicating the role of thermal stability in the viability of boxwood; an evergreen
and shade-loving species that is sensitive to temperature fluctuations and is more present in areas
with a balanced temperature range (15-20 degrees). Annual precipitation (Biol2) was also of high
importance, and the response curve showed that the probability of boxwood presence is much higher
in areas with precipitation above 300 mm; because it provides sufficient moisture for growth,
photosynthesis, and reduction of water stress. Variable Bio8 (mean temperature of the wettest
quarter) by affecting vegetative growth and resistance to fungal diseases, provides optimal
conditions for this species in the temperature range of about 5 to 10 degrees. Also, Biol (annual
mean temperature) showed that boxwood is more distributed in areas with temperate climates and
an average annual temperature between 8 and 13 degrees. In contrast, topographic variables such
as slope length and solar radiation played a complementary role and moderated microclimatic
conditions at the local level. The habitat suitability map also showed that the central and western
regions of the Hyrcanian forests, especially in the provinces of Mazandaran and Gilan, have the
highest probability of species presence. Also, in some areas of Golestan province, medium to high
suitability was predicted, which shows the potential for boxwood restoration in these areas. These
results confirm the key role of climate, especially the combination of temperature and humidity, in
explaining the distribution of boxwood and emphasize the need to protect habitats with stable
climatic conditions.
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Table 2. Variables used in building the model

Al s ol el
Unit Explanation Abbreviated name
sl 8 ol a s AVl glos Sk Bio 1
io
°C Mean Annual Temperature
s
- e Bio 3
Isothermality

Temperature Seasonality

- e e S 53 s Slas Bio 4
38 Sl 4z Jo2b o sb e 53 e Sl .
io
°C Mean Temperature of Wettest Quarter
x Nl SK,L
A R Ea Bio 12
mm Annual Precipitation
b SKLL ol s
- o S S Bio 15
Precipitation Seasonality
Ly ¢ Sl =L
- STt TRASP
Topographic solar radiation aspect index
) 0> B V_D
Valley Depth
.] Z - CA . L,:l
) S S nr sk, ot TWI
Topographic Wetness Index
) SIS 55 Sedse patls TPl
Topography Position Index
) o Sen e ls c1
Convergence Index B
i ot pt s b LS
Length and Steepness Factor
ol ol b ol
- s ST CH N D
Channel Network Distance
3 S P 5 dde s Ses (gl R Sla s 95 4 o3> 4o gazes (aesls &lweslal 3l o
k-fold J)Lilc W)LI&\ ufv)) )‘ ‘u:U‘fu:“t’ Ov\iv\i r.:w.:ﬁ (Jwaj.ﬁ Y‘~) Qjﬂ)T B (Jwaj_ﬁ V') U':’)}'J u:.au
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.(Core Team, 2024
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Al}2

sesls g, pl 5o (al., 2021; Kuhn et al., 2020
A3 s Nsdip ek s gere i ko a el
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Olis Calises L;LMJ[:.J s » 1y (I-specificity) 38
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.(Phillips et al., 2008) ¢l Joo VL K& Ol 55
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Table 3. Model performance obtained from four evaluation indicators

el Jf.a— Jde

Random Forest model

bl slaslae

Evaluation criteria

Ls;;.;ﬁf_jcla.d

0.98
Area Under the Curve
0.63 [GSSV) Q)L@A o)LAT
True Skill Statistic
0.95 e
Accuracy
LS s 2
0.72 e
Kappa

e a5 AS o e (658 pendl S0 slae S
Il I N T T = PR EINT >
YOS 4 ars L] Jbe (S el s
(Sloas g (BiO12 5 Bi03 63, 50) alil (sl ko
Gl prze oS Il 3 cdilaxdls 5,8 ST, e o
53 JoSe &y goas 30 (LS _factor) wile 31 S 5 5

Llos s S50 Jde 3 Shas 5 5
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W ie ol (puns
Sl st 05 e b st el el
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Figure 2. ROC curve of the random forest model in predicting the presence of boxwood species
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Figure 3. Relative importance of variables using the Mean Decrease in Impurity method (4 important
variables, isothermality (bio3), annual rainfall (bio12), annual temperature (biol) and average
temperature in the wet season (bio8))
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Figure 4. Boxwood response curve to 4 effective environmental variables based on the Mean Decrease
in Impurity method (upper left bio3, upper right biol2, lower left bio8, lower right biol)
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Figure 5. Habitat suitability map of boxwood species in Hyrcanian forests with the Random Forest

model
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