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Figure 1: Iranian rivers in the southern basin of the Caspian Sea (Arc GIS ver. 10.8)
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Table 2: How to measure changes in species distribution range
Parameter Gain (%) Loss (%) Range of change in distribution
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Figure 2: Receiver operating characteristic (ROC) curve and AUC index
50
45
45
40
35
29
30
25
2 20 18
[«5]
o
s 15
o
10
5
5 3
. m B
Temperature Slope Annual Annual Mean Flow
Annual Range Precipitation Temperature Accumulation
Variables

SH plo uaw digS S|y coanti 53 50 (L ke (g Conadl Y ST
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Table 3: Percentage of gain, loss, and range change of species under scenarios for 2050 and 2080

Species Climate scenarios RCP2.6 RCP8.5
Time period 2050 2080 2050 2080
Loss (%) -51.97 -55.16 -50.88 -47.76
L. capito Gain (%) 2491 27.09 33.21 36.04
Range of change in distribution -27.06 -28.07 -17.66 -11.71
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Figure 5: Results of modeling the effect of climate change on distribution of species L.capito under different climate
change scenarios (RCP2.6 and RCP8.5) for 2050 and 2080.
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Introduction

Today, the phenomenon of climate change has become one of the biggest challenges and serious threats to
the biodiversity of aquatic ecosystems (Mostafavi et al., 2017). Based on studies, climate change has
already affected the distribution of aquatic life (Lam et al., 2020; Alegria et al., 2023). Due to the role of
human factors, this phenomenon is occurring with a greater speed and intensity, therefore species and
ecosystems may not have enough time to adapt and harmonize with environmental changes (Lovejoy and
Hannah, 2006) and Finally, it is possible with changes in species communities (Zurell et al., 2020), spatial
and temporal changes in the level of species interactions (Kelly et al., 2012; Forrester, 2014),
displacement of ecological niches and distribution basins (Bellard et al., 2012) as well as extinction or
adaptation of species (Roman-Palacios et al., 2020). The results of studies show that during the next few
decades, climate change can be one of the biggest threats to biodiversity in the world (Mostfavi et al.,
2014, 2015; Makki et al., 2023). In addition, changes in the distribution of species, population and
structure of communities will bring many threats in the future (Moss et al., 2009). During the last century,
the most vulnerable habitats to climate change were freshwater ecosystems (Bouska et al., 2015). The
decrease in river flow, the decrease in rainfall, and the increase in temperature in these ecosystems have all
had negative consequences on freshwater fish (Harrod, 2015).

Methodology

The studied area is the rivers of the southern basin of the Caspian Sea, which has native species with
economic and fishery value. In this study, attendance method was used for modeling. Environmental and
climatic data used for modeling including habitat and climatic data were extracted from reliable foreign
sites such as www.worldclim.org and internal (from domestic organizations such as natural resources and
environment). In this connection, 9 variables include the maximum width of the river, Elevation, slope,
Flow Accumulation, temperature range, average The average temperature, the average minimum
temperature, the average maximum temperature and (Ave-Precipitation) were considered as primary
variables, which after performing the Spearman correlation test If two variables have a correlation above
75%, one of them is selected according to the expert opinion and according to the ecological needs of the
species (Mostafavi et al., 2014; Makki et al., 2023) (Fig. 1).
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Figure 1: Iranian rivers in the southern basin of the Caspian Sea (Arc GIS ver. 10.8)
Then species distribution modeling using MaxEnt model (Phillips et al., 2017) in R v3.2.3 software
environment (R Core Team, 2020) and dismo v1.1-4 software package (Hijmans etal., 2017) was done. In
order to evaluate the accuracy of the model performance and modeling results, the area under the curve
(AUC) (Table 1) of the system performance characteristic (ROC) was calculated (Lobo et al., 2008).
According to the range of AUC between 0 and 1, values less than 0.5 indicate random prediction
performance and 1 values with perfect prediction. In fact, values less than 0.5 indicate inappropriate
models (Elith et al., 2009). Also, using the jackknife test, the variable that had the greatest effect in
determining the distribution of the studied species was determined. Finally, the distribution map of big fish

sauce in the Caspian watershed was produced under climate scenarios in 2050 and 2080 (Tables 1 and 2).
Table 1: A quantitative and qualitative classification of model performance based on the AUC index

Model performance Value AUC

Very Poor 0.6-0.7
Poor 0.7-0.8
Good 0.8-0.9

Excellent 0.9-1

Table 2: How to measure changes in species distribution range
Parameter Gain (%) Loss (%) Range of change in distribution
Formula Gain/NC * 100 Loss/NC *100 Loss (%) _Gain (%)

The amount of rivers or stable habitats: (Stable), the amount of lost rivers or habitats: (Loss), the amount of rivers or habitats
that have favorable habitats: (Gain), current distribution Types: NC (Stable + Loss)

Results

Model performance: According to the results of the performance evaluation of the MaxEnt model using
the AUC index, the model performance for the species L. capito was at an excellent level (AUC =0.922),
so the results of this model show that it has excellent ability in predicting the distribution of large-bodied
fish (large-bodied fish, steelhead fish, fish, yellowtail) in the southern basin of the Caspian Sea (Fig. 2).
Importance of variables: Based on the results, the annual precipitation variable (BIO12) is more important
than other variables in determining the distribution of this species (Fig. 3). Species distribution prediction:
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According to Table (3), the potential distribution of L. capito species is affected by RCP2.6 and RCP8.5
climate scenarios in the years 2050 and 2080, and these changes are increasing.

Average Sensitivity vs. 1 - Specificity for species

| Mean (auc =082 =
Mean +/- one stddey ®
| Random Prediction ®

Sensitivity {1 - Omission Ratg)

0.2 T

01| 1

0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1 - Specificity (Fractional Predicted Area)
Figure 2: Receiver operating characteristic (ROC) curve and AUC index
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Figure 3: Variables relative importance for distribution of Luciobarbus capito

Table 3: Percentage of gain, loss, and range change of species under scenarios for 2050 and 2080

Species Climate scenarios RCP2.6 RCP8.5
Time period 2050 2080 2050 2080
Loss (%) -51.97 -55.16 -50.88 -47.76
L. capito Gain (%) 2491 27.09 33.21 36.04
Range of change in distribution -27.06 -28.07 -17.66 -11.71

Discussion and conclusion

In response to the phenomenon of climate change, species usually choose one of four scenarios: a decrease
in habitat desirability, an increase in habitat desirability, both a decrease and an increase in habitat
desirability, or no change in habitat (Carosi et al., 2019; Yousefi et al., 2020). Also, the results showed
that annual rainfall, average annual temperature and cumulative flow are the main factors affecting the
distribution of this species, and these factors will reduce the favorable habitat of fish sauce in the scenarios
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of 2050 and 2080 in both optimistic and pessimistic scenarios. According to the present results, the
percentage of unfavorable habitats is more than favorable and the species will be forced to migrate to new
places. Of course, this success in changing location or migration depends on various factors such as the
suitability of the physical and biological conditions of the habitat and the continuity of the river (Mostafavi
etal., 2015, 2019). This is despite the fact that the natural condition of the rivers of the southern Caspian
basin, according to the studies of researchers in the last few decades, has been affected by factors such as
climate change, population increase, excessive use of running and underground water for the expansion of
agriculture. , construction of dams in the migration path of freshwater fish, overfishing of some species of
fish, overtaking of sand from the riverbed (destruction of the habitat), increase in environmental pollution,
lack of a plan Environmental management as well as the introduction of non-native species have caused
double pressure on aquatic ecosystems, and all these issues have caused a lot of habitat changes and
limited the habitat and biodiversity of many fish in the rivers of the southern Caspian basin. (Mostafavi et
al., 2015 and 2019; Mousavi-Sabet et al., 2023; Abbasi et al., 2023). As a result, the fish will have less
chance to reach the right part of the river. Therefore, it is necessary to reduce all the obstacles and
problems in the way of this type with local value and proper management, and also with proper protection
strategies in each region to facilitate the migration and movement of freshwater fish in the rivers.
(Mostafavi et al., 2022). If the species does not adapt and migrate to the changes in ecosystems, the
species will be doomed to extinction (Bednarek and Motoniewicz, 2023; Makki et al., 2023). It is
important that the managers do the necessary planning to solve these problems Although today the main
cause of species extinction is habitat destruction, it seems that the first factor in the next few decades will
be climate change (Leadley, 2010). The results of most studies show that each of the fish species show a
specific reaction to the environmental changes resulting from climate change, according to the initial
conditions of their ecosystems, which in each species can be different (Buisson et al., 2008; Carosi et al.,
2019). These changes in potential distribution can be different for each species due to specific ecological
characteristics, their needs, as well as diversity in climatic scenarios (Moézzi et al., 2022). As can be seen,
usually different species show different reactions apart from being under threat, exclusive nativeness, non-
nativeness, which is probably related to their inherent and genetic characteristics. Mustafavi et al., 2017).
In addition, another very important point that should be noted is that uncertainty in modeling must be
considered for all studies and species, which will include: - Sampling with precision and standard methods
(such as Mostafavi et al., 2015, 2019) - Using more points in modeling - Use of more accurate and new
variables - Using different modeling methods and comparing the results The present study has shown the
effect of climate change on the distribution of large fish sauce in the Caspian Sea. Considering that the
studied species is in the UV category in the IUCN list and is one of the valuable species of the Caspian
Sea basin, the policy makers and managers of the country's fisheries institute can make use of the
information of such studies. Identify the distribution of native, sensitive, endangered and economic species
and prevent their extinction by restoring their habitat and adopt and implement a suitable strategy to
preserve the reserves of these species.



