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Abstract

The use of habitat modeling methods in wildlife management has accelerated since the 1970s, so that it has
become a suitable tool for conservation and management. In this study, the aim of the present study is to
model habitat suitability and estimate areas with potential for Phasianus colchicus in the the north of Iranian
plateau using species distribution modeling methods. The common pheasant (Phasianus colchicus) is one of
the key species of forest and rangeland ecosystems and plays an important role in maintaining biological
balance. Considering threats such as habitat destruction and illegal hunting, studying the distribution of this
species and identifying its favorable habitats can play an important role in conservation and management
programs. Bioclimatic variables were obtained from the CHELSA database, topographic variables (including
DEM and, accordingly, slope) in the study area were obtained from the US Geological Survey website, and
species presence points were obtained from the GBIF database. To model the species distribution in this
research, 3 generalized linear models (GLM), random forest (RF) and maximum entropy (MaxEnt) were
used in R software (sdm package). The results show that the variable BIO7 is jointly estimated with high
importance in two models and the random forest model with AUC=1 has the highest accuracy. In the RF
model, the results of the final map showed that 31% of the studied habitat is considered very favorable for
the species. On the other hand, 13% of the habitat is favorable, 8% is average, 13% is unfavorable and 33%
is very unfavorable. According to the results of this study, temperature variables played a very important role
in the distribution of pheasant species in the north of Iranian plateau. It can be acknowledged that the proper
way to maintain and increase the population of this species is to manage the habitat and restore it.
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Introduction

Human-driven land-use change and habitat fragmentation are among the major threats to ecological integrity
and biodiversity. Fragmentation reduces habitat connectivity, restricts animal movement and gene flow, and
may increase the risk of population decline. Species distribution models (SDMs) are widely used to estimate
potential species distributions and identify areas of suitable habitat under different environmental conditions.
Among commonly applied approaches, Generalized Linear Models (GLM), Random Forest (RF), and
Maximum Entropy (MaxEnt) provide complementary methods for modeling species—environment
relationships.

The common pheasant (Phasianus colchicus) is an ecologically important bird in Iran and is closely
associated with dense forest and shrub cover, forest edges, and suitable agricultural landscapes. Despite its
global classification as Least Concern, Iranian populations are affected by illegal hunting, habitat
degradation, land-use conversion, and other anthropogenic pressures. Previous studies in Iran have generally
examined limited geographic areas and a relatively small number of environmental predictors. Therefore,
this study aimed to model habitat suitability and identify areas with high occurrence potential for the
common pheasant across the northern Iranian plateau (~205,400 km?) using CHELSA climatic variables and
three SDM algorithms: GLM, RF, and MaxEnt.

Methodology

The study covered the northern plateau of Iran, including the southern Caspian coast and adjacent forested
and semi-forested landscapes representing the main distribution range of the four recognized pheasant
subspecies in Iran. A spatial database was developed by integrating species occurrence records with climatic
and topographic environmental layers. All spatial datasets were standardized in terms of coordinate system
and spatial resolution and clipped to the study area.

Nineteen bioclimatic variables were obtained from the CHELSA database at a spatial resolution of 1 km.
These variables included 11 temperature-related predictors (Biol-Bioll), representing annual temperature
conditions, temperature seasonality, isothermality, and temperature extremes, and eight precipitation-related
predictors (Bio12-Bio19), describing annual precipitation, precipitation seasonality, and precipitation during
wet and dry periods. Elevation and slope were derived from USGS digital elevation data and were included
as topographic predictors.

A total of 820 occurrence records of the common pheasant were obtained from the Global Biodiversity
Information Facility (GBIF). The records were screened, reformatted, and validated using ecological and
spatial criteria to reduce the influence of erroneous or unreliable observations. Records occurring in
documented natural habitats were prioritized for modeling. To reduce multicollinearity among environmental
predictors, pairwise correlations were assessed, and variables with correlation coefficients greater than 0.75
were excluded from subsequent analyses.

Habitat suitability was modeled using three complementary SDM algorithms implemented in the sdm
package in R: GLM, RF, and MaxEnt. GLM was applied as a regression-based approach for estimating
occurrence probability, RF as an ensemble machine-learning method based on multiple classification trees,
and MaxEnt as a presence-only method for estimating habitat suitability from environmental conditions
associated with occurrence locations. Model performance was evaluated using the Area Under the Receiver
Operating Characteristic Curve (AUC) and the True Skill Statistic (TSS). AUC was used to assess
discrimination between suitable and unsuitable habitat, whereas TSS incorporated sensitivity and specificity
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to evaluate classification performance. The model with the highest predictive performance was subsequently
used for detailed spatial interpretation.

Results and Discussion

Variable-importance analyses indicated that temperature-related variables and elevation were the principal
environmental predictors of pheasant distribution. Annual temperature range (Bio7) was highly important in
both RF and MaxEnt, while temperature seasonality (Bio4) was the most influential predictor in GLM.
Jackknife analyses also identified annual temperature range, temperature seasonality, and elevation as
important variables. The importance of elevation may reflect seasonal variation in habitat use, with lower
elevations being more favorable during spring and autumn—winter and higher elevations becoming more
suitable during summer when vegetation cover is denser. Increasing temperature was also associated with
greater occurrence probability, potentially because warmer conditions support vegetation growth and
improve food and cover availability.

All three models showed acceptable predictive performance, with AUC values exceeding 0.75. RF produced
the highest predictive accuracy (AUC = 1.00), followed by MaxEnt (AUC = 0.90) and GLM (AUC = 0.88).
Based on this comparison, RF was selected for subsequent spatial interpretation. The high performance of
RF demonstrates the potential of ensemble machine-learning methods for predicting pheasant habitat
suitability at a broad spatial scale.

All three models produced similar general spatial patterns, identifying higher habitat suitability in Gilan,
Mazandaran, and Golestan provinces and the Arasbaran region. Suitable habitats were mainly concentrated
along the northern forest belt and adjacent forest-edge areas, whereas lower suitability was predicted in
North Khorasan and Razavi Khorasan. These patterns are consistent with the species' ecological association
with dense vegetation, forest cover, and forest-edge habitats.

Using the RF suitability classes, 33% of the study area was classified as very unsuitable (0-0.2), 13% as
unsuitable (0.2-0.4), 8% as moderately suitable (0.4-0.6), 13% as suitable (0.6—0.8), and 31% as highly
suitable (0.8—1.0). Thus, approximately one-third of the northern Iranian plateau was identified as highly
suitable for the common pheasant. Low elevation, gentle slopes, higher precipitation, and warmer
temperatures were generally associated with higher habitat suitability, likely through their influence on
vegetation structure and resource availability. In contrast, steep slopes, proximity to villages, and greater
distance from forests, rivers, and croplands reduced predicted suitability.

The relative importance of predictors differed from some previous regional studies, which have emphasized
factors such as distance from croplands, water bodies, human settlements, or anthropogenic pressures. Such
differences may reflect variation in spatial scale, environmental conditions, modeling methods, and local
habitat characteristics. In the present study, the broader geographic extent and incorporation of high-
resolution CHELSA climatic variables allowed climatic and topographic controls to be evaluated alongside
landscape characteristics. Overall, the findings indicate that temperature, elevation, vegetation-supported
habitat conditions, and landscape context jointly shape pheasant distribution across northern Iran.

Conclusion

The three SDM approaches successfully characterized common pheasant habitat suitability across the
northern Iranian plateau, with RF providing the highest predictive performance (AUC = 1.00). Temperature-
related variables, particularly annual temperature range and temperature seasonality, together with elevation,
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were the most influential predictors. The RF model classified 31% of the study area as highly suitable,
mainly within the northern forest belt and associated forest-edge habitats.

The results emphasize the importance of protecting and restoring suitable forest and shrub habitats,
maintaining habitat corridors, conducting population monitoring across the species' range, and strengthening
anti-poaching measures. Season-specific habitat modeling and further investigation of threats and subspecies

genetics are also recommended to improve long-term conservation planning for the common pheasant in
Iran.
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Bioclimatic variable No. Climatic parameter

BIOI Annual mean temperature

BIO2 Mean diurnal range (max temp/min temp )(monthly average)
BIO3 Isothermality (BIO1/BIO7)*100

BIO4 Temperature seasonality (Coefficient of Variation)
BIOS Max. temperature of warmest period

BIO6 Min. temperature of coldest period

BIO7 Temperature annual range (BIO5-BIO6)
BIOS Mean temperature of wettest quarter

BIO9 Mean temperature of driest quarter

BIO10 Mean temperature of warmest quarter
BIO11 Mean temperature of coldest quarter
BIOI2 Annual precipitation

BIO13 Precipitation of wettest period

BIO 14 Precipitation of driest period

BIO15 Precipitation seasonality (Coefficient of Variation)
BIO 16 Precipitation of wettest quarter
BIO17 Precipitation of driest quarter
BIO18 Precipitation of warmest quarter
BIO19 Precipitation of coldest quarter
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2. Generalized Linear Model



y OEed 5 53e atw)ly aws /v Yhpal HMS Jlouds )3 (Jgoxe J9lb pd aigl o) cwsglloo (5 bw 3w

RF Jaw

2 sl ly PamwySy sl (ol slaws 5 A8 o Cbsl aesly I 1) Bootstrap (sladises 3l (o)l Bolad JKa o,
D9 oo odliiwl Oyl @l 2y ladiged lialin e (lp cB 0 a8 o Bl 5 03905 Agi diged i opl 5l plS
O3y plod Gl )3 CoyiST (gl bawgd odd sy b 9 €D G plgisdy <80 2 (85 L 3 L o plodl canadl
Bootstrap (¢ladiges  Solai i3S awgds ( Bolas JSis )3 puwenal <540 yb bjgel (Breiman, 2001) 39 o asuie
iy S Bootstrap diged o glil 4 005 0 Ohge wanl sdd S5 Lol 00l dcgesre (sladdlge pow 93 dgds 3l A
Syge s S plaS pn ) baingte @xsloS dhavly 4 Juo L5 Gaiotar 9 b 0 A0 (sl b (g S)
(ol JSin by 1 g Wity plod 0o ) oalitl b Sgem S (Bolai [Six (ag) o @l ygl )5 b 2,5 00
S 05 B gl sladsgezms oy0) 3 &S almodls b e plodl diil S (sl ) it (B 5 3 b sanaib
505 o IS sl (ol puite 3l ol (ke S (Lol (sladilse 1393 s e1sel “(O0B) asS Jl gl slaosl
S i b g 905l emmen olb by, bawgi jSke yuiie g0 dlaw (Liaw & Wiener, 2002) cul [ ;5 ks )3 sl
Wigd g (e (yeite Sl =p) PIY (2 piey polie

MaxEnt Jo

Cowl Canlad pae 5l (g)bao 9,51 (Pourghasem et al., 2014) 33,5 op cusdly b So35 b (29,51 1Sl 4 Jao opl ol
Phillips et al., ) 9,5 didn w0,05) alllae dy90 (sladseS Bldpg bl (5lwJse ¢lp (Madadi et al., 2017)
»» (Elith & Leathwick, 2009) 355 1,5] _iblis oldlas )3 655 g8 (il sly Slioe 45 39500 45,5 Se (2006
53 ol (Saasl Sl (s a5 conl Cudly 4 Sop e pakael @i O eSS 3 &S ded e by Jde opl el
2 ol)Ken ¢ Phillips lwss MaxEnt debp .0l 505 caleSs e 4 oS Canl (mjsi x4 opl oKig (il Juo
S gln Jro onl 2 obel e glayialil 9 35250 (slaodly jleslil b baaisS ol Jlas] 2595 jgkate 4 Voo Jlo
U ot ol 3 Jobo po Cungllae g il oo Cundey 455 jgh> LB (63145 L olpen gt jlae 4 (o3lass lawgs 4558
Jae (255 dgayd )3 oo p Cunl 55 (gl ol Cungllas oaimd L Vb (B5)] 5 2900 Ol (Sjlame sl piie ]
2 dgione (gujlame (sl ysie @ly )0 b Sy cnl sl oslhae sla Sy asgecme Sl elitul (398 by (Bldes
D950 )l 4 WIS (o 2900 |) 465 Jlainl @5 oS oladasiie Mgy Gajlace 4Y 5 dus £55 oLl )y

GLM J%

ihie Sgn &b g oz 55 @5 b ol j Cangllae (giluJio 0ppiie bz (6la3)Sug) jl (o GLM L il o (s oo
Braunisch & Suchant, 2007; Elith et ) aad o ploul |) 4355 jais o yin jeas pie g jeas slaodly jl oslatwl b &S cul
(al, 2006

Sty ool 55 85 Sloj Jao o) oyl iy (5350 s ola e 505 & G 5 09 (5l Jao S Jo
pxio o Jde oyl yo (Jafarian & Kargar, 2017) g 0 odliiwl il calio omw)Sy Jdo sla yog) plo g 0350 Jloy
g 03l (ot JS5 & Jite (sl i g Gl eite o Al 9 A3 dannS b diwg Kl oo gl

NgS &390 S0 (293 Como (b))
s AUC Lo xo o] (152000 5 dismad o3 (Liu et al., 2011) sl iz L oS cclojlono b 655 apj5 cclo o 3,Slos

3. Random forest
4. Out Of Bag
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