[ Downloaded from isfj.ir on 2026-06-25 ]

(DOI): 10.22092/ISFJ.2025.132702 YY(e) V\w-Y1 Ol oM gale ddas

Swssg— G&JG Ao

(520933) 5 333 Plo G i1 33 33 ! O gk O 331 (5 sl Mo
332 &b 0 P92 4og> a4, 4o (Luciobarbus capito)

Y-‘«I’:Lg ] . . ‘\-:EGC"-"L:; 6}.«\!‘},4 Jﬁl}- J..:w ‘\ L;p‘)ﬁ b‘)
*mosavii.h@gmail.com; hmostafaviw@gmail.com

Q‘J:“ “J.A_u ‘L’.A\’.t.c (C)M:\i b&il:"d (‘52:\:\.‘0 @t\ﬁ QAS-I-:ZI:JJ ‘CJ)*:\-I-::J QJ;_\
O‘x“&‘ﬂ:‘ﬂéwa&“‘é‘&“fﬁk bm\gjg‘usz‘&f)ﬁu\g&aﬁbcﬂbjﬁ—\‘

VE-Y o 108l LB VE-T alasa tmsb o )l

ouwS>

33 Gt DT e 1 s Bl oS ST Lol o o Ll ol Ol 53 (3 55 ptr 155 51 (S0 O 55287
033 (helan L Ag5 55 el Do (DI (pl L odle s gia, it L b Slasl glac Sl s 4 55887
sbasS 51 S (Luciobarbus capito) & 5 ale e 55 1S Comor 2Tl (B! ed g Sl (Son S
Mjlubbgulugmw,lwu,lw,@u,ﬁTﬁlejj,@bﬁw.,uydmuw\w&y
rt,vljtw, ‘,\Wu;,bpu}l&uwul,.m,uwjpu,,u gjbjuje (VU)J.,,\)WI b s M(IUCN)
SIS L las 5 i S 3w a5 L LT 5SS il Vo §YLMW3>;IUAWIMQyJI
(RCP8.5) wlsws 5 "(RCP2.6) 6l s 3,555, 93 45 458 da 4.;; Sy andllas ) 3 uamen ..b“.sJ{ olsl w;
e 5 Jde s Sles o8 5l Ol Bl el odd o e (MaxEnt) ;55T Sl Jae 3l eslizal L YeAr 5 ¥ear cladls
58 o & 58 Larniadd dde Gt bl Sl 035 (/AFF) Jle FAUC U5l e oll 68 25T,
St el iy gy 8l 5y oy 5 S llan ZATLY A 5 Yedn wlipy 5 sl 5 s SG g5 alod s oy T s Ylaz|
sl 5 (555 ol b 5 a3 )3 355 Su gl oo 1) oalal 658 o) 51 Bl 08,8 e 5 Ol e 0355 0
Unl sbadsm B S o Gl halllas oz o 3 s oty T s T Comar (22l 51 wle 50 Sl 5 o) G
e (s an K8 Bl i o sy il Sl il 005588 Al (e p s Sl bl 4 Wl

5 sy cblis inSo oS mjg silw]de qauldl s S GO WS

J c o . "93;56

MCopyright: © 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

! International Union for conservation of nature (IUCN)
2 Vulnerable (VU)

3 Representative concentration pathways (RCP)

* Area under the curve (AUC) (o cos aihie claise )

'Y



https://creativecommons.org/license
http://isfj.ir/article-1-2808-fa.html

[ Downloaded from isfj.ir on 2026-06-25 ]

e il s Sl (g5l

(Guldenstaedt, 1773) (05,5 S5 ole  pumw
aS 35 ase> sleasss 51 o Luciobarbus capito
Jouladeh-) col &5,5 9 olaidl o5l sl
b eo,5 sleel Yoone 43S ol .(RoOUdbar et al., 2020
sy G b lop K i b pll g ol Gee
5 5SzsS slaale 5l ale (ol S5 slaiged a3 s
«(Keivany et al., 2016) oS o i lbacl,qs
e (e 5 g Ol (lgn Co 5l S oS sladiges
U155 Ygore 5,3 oole Luw (Coad, 2021) uS
VE Tl g0 ooy Blam 50 )ls (lawgia s5leily
wlel 5 (Keivany et al.,, 2016) cwl Jls £/
VU ailb 5 S5 ol e oid @l gla i) li5
Keivany et al., 2016; ) o,ls 13 (pd cuwl)
495 p! wimes .(Jouladeh-Roudbar et al., 2020
3 9 Sl dialy GlailBog) SlapucwsST 4 sl !y
ass> 0 B G0 sleailess; 4 6,055 ln @l
Keivany et al., ) ale o & yalpe loygis o 55
.(2016; Coad, 2021

Seogi sly o5 I3 EDM) baiss 558 s5lede
s Slp Ysane 5 Conldl Lame 5 laaisS (o ala
iy olid jgh » ame Sesis Jlazol S
Elith and Leathwick, ) o,.5 o 1,8 oolatwls,ge
Sl Gy ol 5l phaietdls b (5551587 15 (2009
«(Makki et al., 2021) oK) jors Sl oL
Jl>! (Sutela et al., 2023) el sloolfiins;
o= Luly, 9 (Poulos et al., 2012) laaisS o>l
oS o osliinl Ll glalaoe 5 Galie (slaaseS
el s 4 Bowe o>l L (Valavi et al., 2019)
ol slaolSiyg) ;o baish ol Cumex Sl Slayags
SBan b ol adlas ooplpls el ials a g, Ll
2ol Sl ol i b (S g
» (Locapito) (pos,;) S,p plo s 2iSTy
b Suay cod )3 Gbys g ade> bl
5 Vo0 Gloy wlibe 50 50 gl i il
L pdy pll VoA

1 Species distribution modelling (SDM)

EVRY-N

b il S5 5l (S o8l Ol iS00y 0350
35 2l GlaptannsST i) £55 g9z Sl
wlallas wlul» .(Mostafavi et al., 2017) ool suis
ol ST 5 @i p pole Sl 5o el Sy
Lam et al., 2020; Alegriaetal., ) cel axslis |56
5 koo b Sl Jolse 2 Lo 4y onyay ol (2023
(Jdo Grer 4yl ol Fy o g Dul
TR OO PUCTINIC { I PVEI T SECN BRK SOX
Sl 4l ) (dasme Slpais b (Soalos 5 6,550
Ol s b ol 4o 4 (LOvVejoy and Hannah, 2006)
5 S5 &l s «(Zurell etal., 2020) boaisS aals> 5o
Kelly etal., 2012;) loassS <Yleiily 28 zlaw ,o Slo;
5 So59deST slag sl sl-al> (Forrester, 2014
L ol ¢ (Bellard et al., 2012) Sl ase>
¢, «Roman-Palacios et al., 2020) k455 5,5 ;L
aas wix Job o a5 v oo lis Sldllae bl aes
W S5 S Wi el Sl oo
Mostfavi et al., 2014, ) wil Sl 0 S g5
0 a8 Sl wgdleas (2015; Makki et al., 2023
wybee Sml @ilr JLSle 5 Cunex dadsS my
MO0SS) cusls anlgs of pands sais | jo 1 (soamio Slasags
S pdcamw] @lidS 8 Jgb o (et al., 2009
o SlapinswsST ool Slis iy e bolKiny;
> Liels (Bouska et al., 2015) wsg (e
ol e L LalEl s Swl als deailss,
et 2l plals r (hie slaaaly (Sod LapnsS]
GeS> Aol i (Harrod, 2015) wlaisls
1929l Ol 8l o a2 5 b Ol (slaaisS
Lol 1 el Jloy55 5 gloing Cumotl 5l ei S oo )8
S 9 WS (00 Camny Sgine (LSl i 3blie o Ladd
el g 3l 5 Fosles heme Slyed
ol axsls YU So3e0sST 5 solaidl i)l ol o
Arthington, 2016; Mostafavi et al., 2015, 2017,)

(2019, 2021; Makki et al., 2023

\f


http://isfj.ir/article-1-2808-fa.html

[ Downloaded from isfj.ir on 2026-06-25 ]

T () V6 sl oMk pale elas

Slos lio 99 )3 TGCMS) 52 (cogee (53,5 (sorldl
5 45 WWW.worldclime.org <ol 5 YA+ 5 Y0+
Uil g g 0olel ArcGIS ver. 10.8 (¢,l580 6 5 lasro 4o

AW
Joe Jaw 5l eolannl b a8 maSTy (gilw Joe s
,» (Phillips et al., 2017) (MaxEnt) 4,1 2Slos
5 (R Core Team, 2018) R v3.2.3 ,l33lp 5 loo

(Hijmansetal., 2017) dismo v1.1-4 ¢ l33le 5 aiws
=l s Joo oSles Cono Gglﬁ)’)\ TRV
5 (¥ ) Jshaz) (AUC) w5 4l (g5le o
Lobo et) o awle "T(ROC) it 5 ,Slos daseins
polie ) g+ s AUC als & a>45 L (al., 2008
LY polie 5 PBolay goiion 0 Sles /0 3l jiaS
5 polie ogly )3 aims o LA 1) oS (sn iy
(Elithetal., 2009) el coliah sl oo Sl + 0
aS s e Jackknife jeesl 5l eoliiwl b opioren
addlla 5,90 2595 28Ty s o 1) b o i
Blo e STy ais Coled jo ol el il
2 ol slos o5, cod )35 pl adg> 0 S5

0,5 A YA g V0. la Jls

el

los Lawglo ooguzmo pite B cadgl pite 4 Gles |
Pl 5L ol Pale sles Sk MTailig,
Pl il e sl 05T 5l o ez Ol s
KA

Joe 3 Slos

Ao Jae GllS o5yl §) Jols bl 4 aos b
5,5bee AUC 3L 3l oolatwl b (MaxENt) g,
o Je zhw o Loocapito 48 slp Jow
(Y JSe) (AUC =-/aYY)

12 Gas chromatography-mass spectrometry (GCMs)
13 Relative operating characteristic (ROC)

14 Temperature annual range

1> Annual mean temperature

6 Annual precipitation

N

SLRCITEE S

375 SLys ey 4o sladilsog, sl 5,90 adlais
s g golazdl 55,1 osr slaaisT gl a5 ol
3]s alel gl addlas ol o () JS3) el
64.,.13‘ 5 sl sleosls i oolatwl jgax i,
5 Pas) sbosls Jolis gilw o gly oolaiuls,ge
ale 2 e ool 5l el
J3s slabesle 5 A3l 3 www.worldclim.org
dailhogy 2y (e Jold piie A LLSI cnl o
los D (. Sibe Forezd bz Tood Telis)
Slos bsgie Hslos @) Jo ol (nip)S 5 (o
5 Mled oy 5SSl Mles (a8 (Sl 7 S0le
b5 Sl e adgl slayaie Glaie 4t B)L Sl
as ''Spearman | Siwaed (05l ploul 5l s 45T s
b LT 51 (S eaals LV0 oYU (Koo puiiia g0 5]
©55 Se3lsS1 L b lhae 5 (oulid)lS S 4 a4z
Mostafavi et al., 2014; Makki et ) 55,5 o bl
.@l., 2023

oyl (g5t ne sy (ondl o yuicio
Clile olime Yoo LG ) RCP 2.6 ,Sy5, (blolys
Olgie 4 G5 8 )Lbee MY Comez (150 L£O2 650 ppm
YV 5bL ) RCP 8.5 550y, 5 ailin hgs 9,505,
3Ll VY Comaz (4500 CO2 1370 ppm cdale e
Jow ¢ "(UPCC, 2014) wilows 5,55, Hloxe a0 (i

! Max-width

2 Elevation

3 Slope

* Flow accumulation

> Ave-trange

& Ave-tmean

7Tmin

& Tmax

° Ave-precipitation

10 Spearman Rank correlation
11 Intergovernmental panel on climate change (IPCC)


http://www.worldclim.org/
http://isfj.ir/article-1-2808-fa.html

[ Downloaded from isfj.ir on 2026-06-25 ]

locrn

pescan

T T T
i e v

(Arc GIS ver. 10.8) ;35 U 5o (SFS Moy 65900 4O oIl sbaileog, ) S
Figure 1: Iranian rivers in the southern basin of the Caspian Sea (Arc GIS ver. 10.8)
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Table 1: A quantitative and qualitative classification
of model performance based on the AUC index

Model performance Value AUC
\ery Poor 0.6-0.7
Poor 0.7-0.8
Good 0.8-0.9
Excellent 0.9-1
(it Copon!

les eSilee @Yl (3L oliee iie ls Lolul
Sl iie (st cuiFa (e by g AVl

LaigS STy 0y Ol i (g S0l 092 :Y Jaus
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 (%)

oy a5 oloolliiny ) b laailsog, oyl e (LOSS) 4 )i 3| sloolKiny; b laailsog, ol5e «(StADIE) : lasl sloolKing 5 b loailsog, l5ue

(Stable + Loss) NC :ladiss 545 as555 «(GaiN) i yls wollas

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)
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Figure 2: Receiver operating characteristic (ROC) curve and AUC index
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Figure 3: Variables relative importance for distribution of Luciobarbus capito
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Table 3: Percentage of gain, loss, and range change of species under scenarios for 2050 and 2080
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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
\Y
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Figure 4: Response curve of environmental variables concerning distribution of Luciobarbus capito
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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 =0.922) =
Mean +/- one stddey =

Fandom Prediction =
09r 9

Sensitivity (1 - Omission Rate)

0.0 041 0.z 0.3 0.4 0.5 0.6 0.7 0.8 0.8 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.
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