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Aims: This research examined climate change’s impact on the Eurasian otter’s habitat (Lutra
lutra) in Khuzestan Province based on habitat modeling in R regarding climate scenarios and
the MRI-ESM2-0 general circulation model.

Materials & Methods: 72 points were recorded, and ten climatic and environmental
variables were used as inputs for the models. The ROC curve, TSS, and Kappa coefficient
were used to assess model accuracy using three different methods.

Findings: In the ROC model, AUC 0.7-0.8 indicates a suitable model, AUC 0.8-0.9 indicates
a robust model, and AUC > 0.9 indicates a powerful model. In the TSS model,> 0.75 indicates
excellent diagnostic power, 0.4-0.75 indicates good, and < 0.4 indicates weak diagnostic
power. The Kappa coefficient (0.39-0.98) shows good prediction accuracy. The RF and
GBM were the best for determining the habitat of the Eurasian otter in Khuzestan Province.
River distance, BIO1, and BIO3 had the most significant role in habitat suitability. A total of
9176.185 km? of Khuzestan Province was identified as a suitable habitat. The prediction of
the species’ distribution changes based on SSP126, SSP370, and SSP585 showed that this
species’ habitat would decrease until 2070.

Conclusion: Climate change significantly affects the distribution of the Eurasian otter. Similar
to other studies on animal and plant species, it leads to habitat reduction and alterations in
habitat ranges.

Keywords: Climate change; Eurasian Otter; Suitability; General circulation models.
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Introduction

Climate changes resulting from human
activities are occurring at a high pace, and
most species cannot adapt to them, thus
resulting in possible extinction. Predictions
show that by the end of this century, we
will lose a large part of global biodiversity
(121 Tran is not exempt from this issue, with
endangered species found in most parts of
the country Bl. Climate change has severely
affected the Eurasian otter population in
Khuzestan Province ™. They are classified
as “Near Threatened” (NT) due to their
continuous population decline [. Studies
have shown that this species does not have
a high density in most rivers and wetland
systems of Iran Pl Despite their essential
role in the functioning of the ecosystem,
there are many threats to this species in
Iran. Currently, the most significant factors
threatening the Eurasian otters in Khuzestan
Province are the destruction of water
habitats due to anthropogenic changes,
water pollution from chemical fertilizers and
pesticides in agriculture, animal husbandry,
fishing, and climate change ©7. Tolra et
al. (2024) revealed that human activities,
such as pollution and habitat modification,
significantly impact the habitat selection
of Eurasian otters. These disturbances can
lead to habitat fragmentation and reduced
availability of suitable environments for
otters, affecting their population dynamics
and overall health. Additionally, climate
change exacerbates these issues by altering
water temperatures and flow patterns,
further stressing otter populations ¢ In
recent years, climatic change has led to
drying wetlands and rivers in Khuzestan
Province, which harm this species’ habitat
and ecosystem 8. The same factors at
national and international levels have caused
population declines [ & 73747 This species
coexists with the smooth-coated otter in the
Hur-al-Azim wetland in the western part of

the province. However, due to the scarcity
of smooth-coated otters in Hur-al-Azim
and the lack of confirmed data regarding
their presence in the Arvand River, accurate
details about the overlap between Eurasian
and smooth-coated otter habitats remain
uncertain. To improve the population of
this species in Khuzestan Province, it is
necessary to prepare a comprehensive
program to modify, improve, and restore
their habitat in the study area. Considering
the limited information about the status and
distribution of this species in the study area,
this endeavor attempts to investigate habitat
suitability for this species and changes in
habitat suitability due to climate change. On
the other hand, knowledge of the changing
process of ecosystems, especially wetlands,
can predict the future status of this animal.
Studying habitat suitability for management
purposes, providing protection, and
presenting habitat maps via this method is
rare in Iran. Such studies can serve asamodel
for applying new management methods.
Habitat suitability modeling helps wildlife
managers identify threats to this species’
population and habitats. It is impossible
to manage a species without knowledge of
significant environmental factors, such as
the relationship between the species and
their habitat ®. The digitization of these
relationships through habitat suitability
models, like modeling the effects of climate
change on wildlife habitats and applying
the results, can lead to species protection
(19, One method for assessing the risk of
wildlife extinction and spatial planning for
conservation strategies is to predict species’
response to climate change in different
geographical areas "!l. Many recent studies
regarding modeling the effects of climate
change on species’ distribution ranges focus
onpredictingfuturegeographical distributions.
Climate change affects species’ geographical
distribution and stability '#*3. Predicting future
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Figure 1) Map of the study area and geographiclocation of sampling points in Khuzestan Province, Southwestern
Iran. This study made efforts to collect samples from all the areas under investigation.

climates relies on numerical computer
general circulation models ['*. These models
operate based on information related to the
general conditions of the Earth, which are
published in the form of climate scenarios
(151, However, general circulation models
are robust and reliable tools for increasing
knowledge about factors affecting climate
and improving the ability to predict future
climate patterns ¢, Although this area
falls within the species ‘ range, there is no
comprehensive research on the Lutra lutra
species in Khuzestan Province, located in
southwestern Iran. Our research seeks to
answer the following questions: (i) Which
areas are considered suitable habitats for
the Lutra lutra in southwestern Iran? (ii)
How might the species’ distribution change
under climate change scenarios by 20707

(iii) To what extent will a suitable habitat
overlap with existing conservation areas in
the future?

Materials & Methods

Study Area: Khuzestan Province, located
in southwestern Iran, has the following
geographical coordinates: Latitude:
31.43601490 (N), Longitude: 49.04131200
(E). The total area of Khuzestan Province is
approximately 64,055 square Kkilometers.
The north and east of it are covered by the
Zagros mountains, whose heights decrease
toward the southwest and appear as sloping
hills in the southern areas 7). This Province
has many rivers, the most important of
which are the Karoon, Karkheh, Dez, Zohre,
Maroon, and Jarrahi. It also has significant
wetlands, such as the Shadgan and Hor-



al-Azim Wetlands, which are considered
Eurasian otters’ main habitats. The Shadgan
Wetland is located at the southern end of
Khuzestan Province at the terminus of the
Jarrahi River. At the same time, the Hor-al-
Azim Wetland is situated in the western
part, at the end of the Karkhe River in the
Azadegan plain border area 8.

Eurasian Otter Records: To determine
habitat suitability for this species, presence
points were identified throughout Khuzestan
Province between 2019 and 2021. Three
methods were used to collect the occurrence
data of the species: 1) the direct observation
of species by authors and georeferenced
observations by the personnel of the
Department of Environment (DOE) of Iran,
2) indirect signs of species such as scats and
footprints along with documented human
reports, and 3) data obtained from other
studies. All observations and signs were
recorded using a GPS. Seventy-two records
were used for modeling after removing
invalid data with uncertainty. Many sites
across the Province were visited to find
reliable records (Figure 1). The presence
localities were filtered to a minimum distance
of 5 kilometers *¥! from each other to mitigate
spatial dependence.

HabitatVariables: In thisstudy, 19 temperature
and precipitation climate variables were
extracted from https://chelsa-climate.org.
These variables are related to two scenarios: the
current period (1981-2010) and future climate
scenarios (2041-2070), as shown in Table (1).
Inordertoreducetheeffectofautocorrelation
between layers, the correlation between
the variables was first identified. To do so,
Pearson’s correlation coefficient with an
R-value of < 0.7 was considered ™. Then,
four climatic variables were used in the final
analysis: the average annual temperature
(BIO1), isothermal index (BIO3), annual
temperature range (BIO7), and seasonal
rainfall changes (BIO15). In addition to

climatic variables, the maps of aspect,
distance from the rivers (River.dis), distance
from the roads (Road.dis), distance from
the villages (Village.dis), distance from
irrigated agriculture (Wa.dis), and distance
from wetlands (Wetland.dis) were obtained
and used in preparing the final model. All
environmental layers were standardized
regarding extent, cell size (approximately 1
km), and coordinate system.

Climate Change: General circulation models
(GCMs), which utilize different representative
concentration pathways (RCPs), provide
credible quantitative estimates of the
future climate. RCPs are four greenhouse
gas concentration scenarios [%. Climate
distribution modeling projections depend
on the chosen GCM and assumptions about
future atmospheric CO2 levels [°!l. We selected
the MRI-ESM2-0 model from the CMIP6 suite
for its high performance in capturing climatic
variables relevant to our study region.
This model’s projections closely align with
observed climate patterns and trends in our
area, making it suitable for assessing habitat
suitability under future climate scenarios.
Although using multiple models could offer
a broader range of outcomes, resource
constraints, and our study’s specific focus led
us to select the most regionally appropriate
model P2 53],

Habitat Modeling: In this study, an
ensemble model approach was used for
species distribution modeling based on
recent data 9, employing R software
version 2.1.3 2 and the biomod2 toolbox
(21, The Generalized Linear Model (GLM),
Generalized Boosting Method (GBM),
Multivariate Adaptive Regression Splines
(MARS), and Random Forest (RF) were used
for species distribution prediction 2%, The
final map of suitable habitats was derived
fromthe average predictions of these models
(24, Biomod2 offers three methods for model
accuracy assessment: ROC curve, TSS, and



Kappa coefficient. All three methods were
used simultaneously for better comparison
and conclusions [°. In the ROC model,
an AUC between 0.7-0.8 indicates a good
model; 0.8-0.9 is an excellent model, and
greater than 0.9 is a powerful model. For
TSS, a value above 0.75 indicates excellent
diagnostic power; 0.4-0.75 is good; below
0.4 is weak [?°. A Kappa coefficient between
0.39-0.98 signifies a good prediction level
of the model. TSS is more realistic and
sensitive than AUC[?%%7], To assess the impact
of climate change on species distribution,
an environmental threshold was specified
based on ROC criteria 1?® ?1 and used to
prepare habitat suitability maps. These
maps were employed to evaluate habitat
changes due to climate change by 2070

across three RCP scenarios for each GCM [24],
ArcGIS 10.5 was used to map and analyze
the Eurasian otter’s modeled distribution
and suitable habitat.

Findings

The results showed that the random forest
(RF) and Generalized Boosting Method
(GBM) had the highest AUC, TSS, and Kappa
values, respectively (Table 2).

These models were best suited to
determining suitable and unsuitable habitats
for Eurasian otters in the study area. Based
on the model results, approximately 9,176
km? were recognized as suitable habitats for
this species, comprising about 14.3% of the
study area (Figures 2 and 3).

The results of this research indicated that

Table 1) The climatic variables utilized in this study were sourced from CHELSA Climate. After evaluating the
correlations among these climate parameters, four were ultimately chosen.

Variables Climatic Description Variables Climatic Description
BIO1 Annual Mean Temperature BIO11 Mean Temperature of Coldest Quarter
BIO2 Mean Diurnal Range (Mean of monthly BIO12 Annual Precipitation

(max temp - min temp))
BIO3 Isothermality (BI02/BI07) (x100) BIO13 Precipitation of Wettest Month
BIO4 Temperature Seasonality (standard ;1 Precipitation of Driest Month
deviation x100)
Precipitation Seasonality

BIOS Max Temperature of Warmest Month BIO15 T R
BIO6 Min Temperature of Coldest Month BIO16 Precipitation of Wettest Quarter
BIO7 Temperature A];llr(1)u6&;1 e ({3105 BIO17 Precipitation of Driest Quarter
BIO8 Mean Temperature of Wettest Quarter BIO18 Precipitation of Warmest Quarter
BIO9 Mean Temperature of Driest Quarter BIO19 Precipitation of Coldest Quarter
BI0O10  Mean Temperature of Warmest Quarter

Table 2) The evaluation of four applied models predicting Lutra Lutra distribution in Khuzestan Province using
the area under the ROC curve (AUC), true skill statistic (TSS), and Kappa coefficient.

RF MARS GLM GBM Mean
AUC 1.00 0.92 0.90 0.99 0.95
TSS 0.99 0.79 0.69 0.96 0.86
Kappa 0.98 0.47 0.39 0.83 0.67




among the environmental factors used, the
most significant role in the suitability of the
Eurasian otter’s habitat was attributed to the
distance from the rivers (River.dis), followed
by the average annual temperature (BIO1) and
isothermality (BIO3), respectively (Table 3).
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Figure 2) The final suitability map of the Lutra lutra
habitat in Khuzestan Province based on the current

scenario. Riverbanks were identified as the optimal
habitat for this species.

The results of an ensemble model based
on future scenarios indicated a decrease in
the suitable habitat for the Eurasian otter
species in Khuzestan Province (Figure
4). According to the SSP126 scenario
(the optimistic greenhouse gas emission
scenario), approximately 10.37% of the
ideal habitat will be lost, while about 1.28%
will be added to the suitable habitat for
this species. Similarly, under the SSP585
scenario (the very pessimistic greenhouse
gas emissions scenario), about 11.58% of
the suitable habitat will be lost, and 1.47%
will be added. Overall, based on all three
scenarios, the expected habitat changes are
negative (Table 4).

Discussion

Habitat Suitability Modeling: Habitat
suitability modeling is a tool used in ecology
to protect and manage species and to resolve
conflicts between humans and wildlife 3%31,
It also provides valuable information about
the relationship between species and their
habitats 32, This research investigated the
suitability of the habitat of the Eurasian
otter (Lutra lutra) in Khuzestan Province.
The results indicated that 9,176.185 square
kilometers of the area (3.14 percent) are
suitable habitats for the Eurasian otter. The

Table 3) The relative contribution of environmental factorsused in the different models to study the geographical

distribution ofthe Eurasian otter.

GBM GLM RF

MARS Average Relative Contribution

in Models (%)
River.dis 48.89 44.73 25.94 37.40 39.24
Biol 17.59 8.24 5.25 23.28 13.59
Bio3 13.72 2.51 19.70 3.24 9.79
Bio7 4.87 12.11 17.90 0.00 8.72
Road.dis 2.99 6.16 7.72 12.50 7.34
Bio15 1.88 0.00 3.94 18.86 6.11
Village.dis 5.64 7.60 7.88 0.00 5.28
Wa.dis 1.88 13.69 2.13 0.00 4.43
Aspect 0.66 1.00 6.08 4.96 3.18
Wetland.dis 1.88 3.94 3.45 0.00 2.32
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Figure 3) Current geographical distribution maps of Eurasian otter in Khuzestan Province applying GBM, GLM,

MARS, and RF models in the study area.

northern, northeastern, and small areas
of southeastern Khuzestan Province suit
this species. This species inhabits rivers
and the margins of lakes and wetlands in
the Province [® 5. The droughts of recent
decades have reduced water levels in rivers
and wetlands, leading to a decrease in
aquatic organisms, which are food sources
for the Eurasian otter, posing the most
significant threat to this species. Its primary

diet consists of fish, but it can also consume
aquatic invertebrates, such as crabs and
oysters, as well as terrestrial prey, including
mammals, birds, and insects 33, In the long
term, human presence, habitat destruction,
and even, to a certain extent, water pollution
lead to changes in habitat dynamics and
damage to the ecosystem 3%, but in the short
term, they are tolerable for this species.
However, a food shortage, even for a short



period, is intolerable and elicits a negative
response from this species 133, Establishing
protected areas contributes to the
restoration of wetland ecosystems needed
by the Eurasian otter B3, so increasing
protected areas can significantly impact
the stability and restoration of this species’
population. In protected areas, despite an
overall decrease in habitat suitability across
the entire region, an increase in suitability
percentage is observed across all scenarios,
as indicated by Table (5).

Climate Change Effect: The results
showed that among environmental factors
affecting habitat suitability for the Eurasian
otter, distance from rivers (a non-climatic
variable) and average annual temperature
and isothermality (climatic variables)
are the most significant. They account
for 62.62% of the relative contribution
to model construction. Temperature, a
primary element of climate formation,
can significantly alter climate structure
through fluctuations ). Previous studies
on this species have shown that increased
temperatures and habitat destruction are
critical factors in reducing Eurasian otter

presence in their habitats 3. A study on
Eurasian otter foraging behavior indicates
that changes in water temperature can
significantly affect their metabolic costs
and behavior . Another study focuses on
habitat suitability in South Korea, examining
factors like temperature seasonality and
the precipitation of the wettest month.
These factors are crucial for understanding
habitat preferences . These studies
suggest climate change impacts Eurasian
otter habitats differently depending on
the region. However, temperature changes
and water availability significantly affect
their distribution and behavior. Climate
change is essential in reducing wildlife
diversity, directly affecting the organisms’
physiological, biological, and reproductive
traits or indirectly through habitat quality
reduction and food resource loss [¢l. On the
other hand, increasing world population
growth, changes in land use, habitatloss, and
water pollution exacerbate these impacts 7.,
The evaluation of suitability models using
AUC, TSS, and Kappa methods revealed that
random forest (RF) and Generalized Boosting
Method (GBM) models are optimal for

Table 4) Changes in the size of the suitable habitats (square kilometers) of the Eurasian otter until 2070 under
different climate scenarios and general circulation model MRI-ESM2-0.

Presence Absence New Habitat Lost Habitat
Changes in the
Stable Stable Area  Percentage Area Percentage Habitat of the
Species
sSP126 scenario 2530.82 54059.82 820.98 1.28 6645.35 10.37 -9.09
SSP370 scenario 2526.40 54085.64 795.17 1.24 6649.78 10.38 -9.13
SSP585 scenario  1755.57 53937.11 942.69 1.47 7420.61 11.58 -10.11

Table 5) The percentage of suitable and unsuitable habitats for Eurasian otters in the protected area of Khuzestan
Province was assessed based on the current period and the sSP126, SSP370, and SSP585 scenarios until 2070.
This analysis is related to the general circulation model MRI-ESM2-0.

Now SSP126 SSP370
Suitable 3.6 4,52 5.28
Unsuitable 96.4 95.48 94.72




£ z
o =3 .
[=2a = *
) ) Caspian Sea
[yr] o
Te%ran
Z Z
o o
27 e
o o™
o« (]
[ ]
hwa
e =z
= o ;
27 o .
= - Persian Gulf
A o Oman Sea
= % 3 4
5 D) |5
(= By AR = | i =l
g 2" Persian Gulf NS>8
@ \ e
® Sampling Points \'\
—— Rivers 01530 60 90 120 ki
e e — ] \
[ | Boundary Km Ta e
z Protected areas ' =z
S HM cities ==
£ £
o~
48°0'0"E 49°0'0"E 50°0'0"E

Figure 4) Changes in the geographical distribution of the Eurasian otter based on SSP126 scenario (A), SSP370
scenario (B), and also based on SSP585 scenario (C) until the year 2070 related to the general circulation model

MRI-ESM2-0.

determining the climatic habitat of Eurasian
otters in Khuzestan Province. Studies on
other species (44 species of amphibians
and reptiles % and some plants 3%) confirm
these findings. The RF and GBM models
accurately identify suitable and unsuitable
climatic areas for species presence. The RF
model generates predictions by creating
thousands of trees and averaging them %411,
The performance examination of different
models revealed that the random forest
model is the most accurate and efficient
compared to others [42 43 44 45 46, 47].

The best and most essential conservation
plans for the Eurasian otter in Khuzestan
Province involve a combination of strategies:
1- Enhancing water conditions for fish,
thereby making habitats more suitable for

Eurasian otters, which includes establishing
and stocking fish ponds. 2- Implementing
guidelines that address Eurasian otter
biology and conservation issues, including
practical measures for conservation projects.
3- Protecting and restoring habitats crucial
for Eurasian otter survival, such as clean
rivers, wetlands, and coastal areas, and
Ensuring an adequate water supply for these
habitats.4- Reducingwater pollution through
better waste management practices and
stricter pollution regulations. 5- Resolving
conflicts with human activities, such as fish
farming, by seeking mutually beneficial
solutions. 6- Conducting ongoing research to
deepen the understanding of Eurasian otter
needs and monitoring populations to gauge
conservation progress. These strategies



should be tailored to the specific needs of the
Eurasian otter populations in the regions.

Conclusion

In this research, the consequences of climate
change were investigated according to three
scenarios of SP126, SSP585, and SSP370—
until 2070 regarding the distribution of
the Eurasian otter. The results showed that
climate change affects the presence of this
species. Based on the results, a range of
suitable habitats for the Eurasian otter will
become unsuitable due to climate change.
Based on the climate scenarios studied in
2070, according to the sSP126 scenario,
about 10.37%, the SSP370 scenario, about
10.38%, and the SSP585 scenario, about
11.58% of the standard and currently
suitable habitat of the Eurasian otter will
most likely be unsuitable in the future.
Therefore, like other studies on animal and
plant species, it can be said that climate
change causes habitat reduction and changes
in the range of habitats. Studying the habitat
of the Eurasian otter in Khuzestan Province
and the reactions of this species to climate
change will lead to a better understanding of
its habitat needs. Therefore, it is necessary
to implement a conservation plan based on
suitable habitats today and in the future to
increase the extent of protected areas so
that the distribution and population of this
species face fewer threats.
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