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Abstract

The biodiversity of any region is the key to the stability and health of its natural environment. Measuring beta
diversity is one of the key components of biodiversity. Freshwater ecosystems are more vulnerable to
biodiversity loss due to destructive human activities. For this purpose, in the present study, beta biodiversity
was measured in the fishes of the Urmia Lake basin. In this basin, there are 10 rivers with permanent flow
potential. Sampling, species identification, and coordinates were recorded from the lower reaches of the rivers.
Fish presence data, which included genus, species, longitude, and latitude, were entered into the MySQL
database management system. The adespatial package in R was used to calculate the Jaccard matrix, square
root calculation and beta diversity. A total of 30 species in 25 genera belonging to 7 families were sampled.
According to the results, the most presence points belonged to Barbus lacerta, and the least number of presence
points belonged to Sander lucioperca, and across spatial scales, species beta diversity was mainly explained
by nestedness patterns. Knowledge of beta diversity patterns and biodiversity conservation mechanisms is
important for developing conservation strategies, and the present study's findings can have important
achievements for optimizing the conservation planning of this basin’s species.

Keywords: Beta diversity, Biodiversity, Species richness, Freshwater ecosystem

* Corresponding author: Soheil Eagderi Email: soheil.eagderi@ut.ac.ir



4o gyl 4zl )d 4l s Olabe 53 Ly () § 58 dpulons

"3y o Tyl g ¢ sl wol>

gl 5 e o8t s oo 5 nlsST IS ¢ b pplin 5S> oD 0,57 005555 cameitil )
U/Jg/zcj.(:d/ oLiu/.) “{‘:»LC‘L‘} djjjwufq.(wb ‘Q":—.LC’LJ A {C))@.& o}fJé.‘;U/.) Y

\f~\“/'f/**:gi3){;\i@)u \?~Y/~Y/~é:¢«3\iﬁ@)u

oS

e st €95 (5315 sloadlia S| (S Ly 95 (5 5aTosl g il Ol sl Cogjlazme cdl 5 (5 Ik WIS adlaie o (S £
2 st e i dycan] (i €55 ol Sewd Sl o Gl e slaclled Jsas (et o laptesST 050 o0
aS 5 )l 0929 als Gl el b ailsog, Ve slass adg> cpl 1o .0l dulors dpeg )| azly )0 dde> lale ;o Ly g g9 polo ddlas
P 9 Job isS (puwiz Jols a5 ool jeax sboosls ol laibue cud g 43S Slulil ((g)lo pdiged 4y pladl aailsog, cavopmly
dwlxe (gl ials Bd> @65 5 Sldl x> (o e 5 Jsb Ll 5l (61,5 sbvosls a0 .5 MYSQLES oSl o pie sl 35 350 L8l 2>
R ,s adespatial s ,80s 5 & 511 £555 5 pgo i, dlore oSl s ile &l (5l o solatl o )51 Culiel o jlo 5l Lo £4i5
Logsyo s it e BB (55 5 s i 32 A 10 il o0l V & Blako iz YO 43 655 ¥ ggama 15 0008 eolinul
52T og (iRl dalse 5 i S o g5 50 slailal &idse i 5 o4 Sander lucioperca 4 Barbus lacerta sleaisS 4
Sbod jgliws Wl oo pol> dalllae gloaidly § Conl Coonl Pl Blix slas yeal) dags sl (st 95 Lai> SlapnilSe 5 L £5:5 sl

Al adlo adg> pl Gleale (SbBli> (55540l (5iludinge lp (oo

= £ . 21 s« R 1 * /I.
el W (slalenl Al (s O (st £33 Ly 95 16ulS OB 51

Email: soheil.eagderi@ut.ac.ir 8950 Ut 1 ghnne 00 g ¥



Vay

drogyl azl ;o ase> lale 1o Lo i) £455 dulne

poe ge way nl 4 g anle S8 (Kasl b axlge
g BB Ol 1) (Sxasl ol g eads Wl gois s
e S0 aion W g5 ol ply S ey aals> SLsL
(Erfani et al., 2021) cus ) 55 51 Lise 2T
ol SO 5l a8 Dlysd 5 (GlaisS oS 5 gl iy g
Ol el laze 1o K0 glasol> b olfing; @ dxel>
Lo g9 Boyb 5l g 0l (S Conjlame O3 a0 Ly £455
o ) (el (G315 5 olaws) GlaisS g5 Dl i ol o0
35 ip e SlaglslS Job jo g calite galyx
(Ghelishli et al., 2016)

Tl o g8 3ol ddlse 55 4 ol e T, Ly g9
.(Legendre, 2014) 5 5 S8 (4345 (38, oo 5 L o))
Sloj 5 el slaisS Lt olas (o5 o (slailosl Al
2 slsS Gl ) Gies malsx a5 Wil e bl
Cols S slaildl Alge @Bly jo 0gd e ol ol
ol 5l g lre laicds 9 aiel ST a il gulsz 4y by yo
Sl 0al el S miy 0 o8l
aT 5% g0 akal, opl o (Fleishman et al., 2007)
Sl ol (pp s sm) Wl Sslie lags oSS
3g2g Ko (9,3 ,mdd j0 a5 Cewl (69 34 amie sladisS
NIRRT A PP SPIPOTIK S TRPI VR SIP I INASIRY
oS5 0 Ol oS wes e E Sl SRl Adse
Lyt s Jlisa e oSl Gob ) lews
¢s5 (Schmidt et al., 2022) was &, oo b (So354)55]
WS o (3l o081y (e @lsz o Dl (o 4 Ly
S S5 58 g gelyr L) s sam S
slags sle (wisd (3Rl bassS Koo b laaiss 51 (&)
L (il 6,500 4 S (i sladiss sl ansl> SO)
.(Baselga and Leprieur, 2015) atsl oglie 9o ,o
ailge 95 ol ool poe a5 el ool lis 3] Slallas
uzsmtg@;})o);)oéuxﬂjé)'lI)LoJ)o;MJIQiM
.(Tisseuil et al., 2012) axiwa slate sas0y

S5 8 Celatae f g5 e Slides

"Turnover
2 Nestedness

dodds .\

9 Sl Sl 3529 (o0 85 Sy (nfpu pazie
Cardinale et ) coul ] £45 Sl Sig opSoslall g,
oo live Oy S99y o)’j).nl as LSD-AMJ) &9...; .(Cll., 2012
Ardura et al.,) cosl JolSG Jlo 5,Le Y/ 4ol g oo
S L () A plsrear s £55 (ulple (2011
Sl Ko g 09l oo a8 ,F i o Sl gbeools 5l
s ge olid 1) ey 8ylew mhaw o (Fai; 5l Jglake
(Ghasemi et al., 2015; Eagderi and Moradi 2017)
O g 3l (s Sl S95LeS IS Jold (i €955 05 ]
5 ,keas (Purvis and Hector, 2000) ¢l giuwsST b
stk s 5l aliie gl de (S £95 potde 500
55 (¥ oy JUCol £45) laaigS £9:5 (V 105 o0 Y5 )5,
g9 Luals L(Alho, 2008) wiwewsST g5 (V5 (SUi55
Cawd 3l s e g Gl 1) beasss plhdil Jlas o o
550 baigs 503 59, lopasy Djgets 45 So 8,
Wil i OB 5leps SO 50 SlaisS £ail ax 0 0,05 oo
oz Sl a5 S Vsb lads sleo )
b 355 Ll p8 5l g 55l lasoe 4zl 50 9 092 waleS
SolS adlate o (s £555 (nl il 09 o0 410505 1 (6 e
(etal., 2015

ol o amlis () £ 6;::5\&.3‘ Glp iz e
S ol & (az g Logas Lo asls (al Jg oo (Byae
o3l b 4l dsl sl Sl oo 4o (glaisT g5 il
Sty bwg (1) WE 5 (B) (o) W Hlaol 4
W Ll g Wl g pasls aSul @ axgi b b glo oS
iz glaebis b glaiss glé asls Jolee e
i3 18 lioee dxgi 090 S Ly go sl s
5 i &Sl b W g45 .(Jafarian er al., 2021) <ol
057 Ll Sl 38,5 1,5 aalllas 3,50 s €55 sl 5o
il aiges slaasly b ol 3l olaws o yio b o] lade
sl S aden L».:).n_s o 50 oo samline glis b oo
oy 5l (Cardoso et al., 2015) 55,5 o 5,51, A8l
Pl W £ ooty ) wiilsi o Su36lsST (slaany T8 oo



VE-Y 50l oV oLl YV 0550 o))l grmde aolie aloee (DL

YaA

celue (Goudarzi et al., 2018) coul a8 )5 1,8 3,5
5 (20,0 YY) (3,5 obul,3T daws,s OF) oy ol
Hesami and Amini, ) cewl S yiin (0o, V) oliws,S
Ol el b ailzog, Ve oslaws ase> ol 40 (2016
@gyai,5 Y (slr T =Y (slaglib —V) o ls gy ells
(sl ienll =Y islr a8 -7 slarables - B g jaian ¥
el S5 5l 5 (slaYs; -V g slrads, -0 sla e -A
Srslib s Slr | g jtiner g,an,) 80 oz ool
GolS i aey0 P g Ve AV P b > see b oS Sy
aliss &0 90 axb,o Oy g Gd ,0 ol oS u..ab
A azlye 550 oz g G0 slaaleog, Wk oo oy
otz iz 5 O 5 S Sl wile O 5 b
SrYob lis e s 5 WS oo Slas pliws S
WDgydi ) Wg,anll Wil o WSls laailBog, 5 wies
St oy, (pl aex 5l slrBge 5 09 A
S > o8 slealbog, (Ahmadaali et al., 2017)
aib oo 508 Ol g olisS bl sl)ls azl o Jlois 4
Yamani ) sws sl>Ye; 5 slzodib (sl o8 Jols 4

.@nd Abbasi, 2020

Pbsam e slaesls YLY
Sl ol paiges bla olsla> o0 9 Job i sl
.(Garmin eTrex 30X, Taiwan) .. solawl GPS ol&iws
oiws Il o ools las V S jo (5,l0 paiges bl

b lo udls puitins & 2SUIL (SAMUS 750) (S g9 251
o slealsog, o olale Gyslaz lp Ve 5B
Cewd s 3l jelaie ol (gl 0,8 colatwl deg )| 4zl o
Slaize Cud g g5 slulid (5,0 paiged 4 pladl laaslsos
O 0 alizie e dws (0 ails0g, 10 (5,0 pdiges o
BB S e 08 (510 piged liale b ploxl ()l 2 S
Lol silele, laaises bled 9 (Eagderi et al., 2022)
P 5 Job igS (i ls a5l jpax slacsls
aens) MYSQL sols ool o pie i 3,lg L8l 2
wldlaz ooe g Jsb a5l )G slaosls g 0iui (8.0.31

25,5 Gl 55 o

5y Slllas 5 035 S et (LS 5 (g5 SaS (e e
OIkonomou ) ! 63gs dgazee (s s o (slapiucussS]
Judsds oy s O lagianwsST @nd Stefanidis, 2020
Sy £ oI S Sl e Gl © P slacolled
ol 2lr 9 P b et o leale 5 atis 53yl
ol (Gavioli et al., 2022) wiiws jas 5 me ,o b
Sy slp Blo So (St g5 Sy9e 0 ST il
Ok (Staj E95 Bai> jrae )3 g 09d o0 Dgmine Dbl
LT aS i cpl .(Geiger et al., 2014) el 3.5, 2l
g go (asedie (3Nl b slilidl ddlge b L g9 slagS
Sl Gl bl slagHliel pedte g L
S Ly g9 oplplo (Bevilacqua and Terlizzi, 2020)
Slladl 5 lag)o 5l il Glisp &5 Cool opo pogio
W5 oo s £95 (pizen (Bartonetal., 2013) el ble>
&5 03l (sl loxs 5l e ) (S €95 oSl (sbgy Cuale
9,cx! 5 «Soininen et al., 2018) aao lis LE L WI
Pgne (e £55 615 sloadlge 5l (S Ly g5 (553l
Slodolp drwg g Sgu ;0 (oo (R Wlgi oo &5 D9 o0
Villéger etal., 2012) sl azils o poe

Soollns; Glnl (o8 Jlod )5 aeg)l azl s dog>
Sszsal; Olil 5ie sloaiss jpa sln saslos 5 cnlis
Ghasemi ) aib oo coenl 3> B3liipg Ll 5l g 0ol
oyl Connl 2,45 (et al., 2015; Eagderi et al., 2018
Slptn Heeln Sl Sllllas 95t alivlbe wog>
Sl 0als bl ol sy go alex 5l ol Slailsog,
dog> y asddllas oyl o cplpls (Radkhah er al., 2020)
WIS el sty E55 SO Gl (S plsie 4 areg)
S5 dlpeg &35S otz alez sl som (S £55 01 )0
(3 95 (Slad Cumdg Wl oo slaalllan iz dei oo
Sz @liee g ools Glad |y adg> ol (n e O Gleals
Al 1 Sl sl anlie

b gy 95050 .Y
anlllan 240 dabs MY

Jolee a5 Canl dung )l axl 10 Abgm dslllas 40 ddlais

ORIV JEES - [PCN I O JON-X g LGP IOA g -0
ué)s@oYﬁsp)o\‘Als@o\C. 94-?)0\”&)|MQ¢3
Job 4285 O g az> 0 FY b addo VY g a0 FF 5 Jlod



124

drogyl azl ;o ase> lale 1o Lo i) £455 dulne

37.5°N 38°N 38 5°N
1 1

Latitude
37°N

36 5°N

36°N

Longitude

(6155 bl i e dmag )l azls yd Adgm 55 (8) oo g1 pdiges bl adds —) JSi

el 0uls 0010 (yLiS (6 ymS B 5y 4 gl )0 dwogyl 4zl 40

c\:o Yy

ool Ll VSl addi o aigf SIS& 4y i bl
s Barbus lacerta &5 a5y bl oy s .ol oo
cwls 3l Sander lucioperca &5 1 sloss oy yeS

& Blie iz YO 1o g8 ¥+ gyama 8 il bl
9 Barbus lacerta slaasss 9 o (5,10 paiges oolgils ¥
O A 4 #F olows L o554 Alburnus atropatenae
SLaisS (e pag)l o pl Ads> Sloailsg) o 5
(Y JS8) iogs ddlaie oyl

L Sander lucioperca &5 5l o F S0 mls glhae
Abramis  sbas  pas dbs SO L
Petroleuciscus 4 Alburnus hohenackeribrama
21y gax Glsld o ieS el Ak o L S, 4o ulanus
g lale (53,00 g auils dbem oyl

"Long

2Wide

3Jaccard dissimilarity matrix
“Non-Euclidean
SReplacement

®nestedness

Ly ¢ 55 dslows Y.

Glpazals ) Jsb lsle ole jpas S5 slaosls
Glpanl o o py8 alaoolo b og oY Ly 45 Ao
20,5 eolazwl R 18ls 5 5o rshape2 =S, ;5 jelaie ol
oalizinl To Sl qolial o ple 51 Ly g9 delme sl
Legendre ool T wa 8l b 598 (s jlo aSul &y a5 0
9
ol pgs i, a5 Wlodges apogs (Y0)Y) De Caceres
ol sl B 053 58,5 by 55 dlons 51 3 e
Bi) Al )5l le deubre sly 058 oo il
opl 4o eolawl R o adespatial =55 5 Ly g4 5 pgo
blEs lp o2 g gl 4zl ddg> 5 sln o by
5ty 5l Jel gs ke o g5 sl paiged
S dloee 7 o glasls



VY S

s ¥ o,leds YV 0,90 oyl ) (orbs olin dlore (DL

Abramis rEma Almamoides patnuna AlNITIZS hohenacks

R s s i

Sssscmaesosogpasanksyupeannansy
EERC 250582008585 52C A 2EEREEEE
SogpgoocolooTOSo0 VSO 5o ® S22 ©
8l o2l 55=-05322ECcFOR2S0EQan5S
EmmC_mcnmmcw—._EConcQajmmagwaﬂ
LECQAGVO g, 26880 ,0800 v ;05830
S0 c i858 2CI0>BESw3wm388532C3
£ s S o RO D20 =0ga30=2 =
nwo+<= 00 [ ot S i o S m=
OS50 et 208 e noloc20E0®@0 =57
5o 00 nlPaoscS 87T Ccnc®TOOn =3
ghmggmammﬁgsggo.gg >go,<ﬁgaoovwmg
=1 VO 50 SgEES £60F SES 2
BoEE 8,888 £3E5S £3£adsess 3¢
8235 ~80Pc §2w 238w EO o
cd2a 2 S oEcs- 253888 o
€5<< a8 £ PE§ Ogtmad «

ofE 8 8 o2 >~80-

LG | D.> >

o =1 o

3 i B

duog)l 4zl y0 Abg> yo (bl GLrdigS jguam b Jlglyd Hloges -V IS



drogyl azl ;o ase> lale 1o Lo i) £455 dulne

sols ylis glasln!
S o o 1) pad lalsl Sl ax oS oKin
slazel o 1y glailon] ddlge (zals S5 663 G Jool> il
and oo s dilsg, Cawdpmly 4 CawdVl 5l ailsog, s
Boes phe 5 S slalsl dalge polie Jb ol b (F JSo)
Ao 5l (2U by g9 oo sl IS (sl g5 ylake o o
ol puza XV B oo o F 5l aieg,laxl 0 dog o glaslos]

Ly ¢ 55 ylukde Y.Y

sailsg, )0 beaiss Jlls 5 jax LG 4 azg L

LF USE o slelet] ailse 5l 56 s 55 wauos)| dop
SlalesT ddlie Comns .ol oas o0ls (Lis 5 10,8 slaasd
(F S8 og ciRlr Addse Sl i oSS lo g5 0
Ot alBag, Lol y50 g lanile slaice
Slelaiz] o slie Oglay Jdoas laaiss oS 5 jo |, ol o

37.5°N  38°N  38.5°N

Latitude
37°N

36°N  3B8.5°N

47°E 48°E

Longitude

aagyl Al Adgs 5o (sIiledT Ailjo 31 3 Ly £33 sloho F JSC

o6 S s 5 Cou ¥
Salsog; 4 bgyye baisS joa> LU I gk 2w
5 9 sl aler 5l aneg)l Ao Ol g et
apng)) ol Ro9> 55 5 O (el i 51 S S5y 35, akarns
aoy> ol o )d Pl s gseme )0 9 Wb Sl A
Soudi et al., 2019) oS o o0l8 |, dceg,l axl o
hsS' ole aw 455 4 g pe lole jga> LS 0 i
L gllasl o adl ol a5 (Y JS&) o4 (Barbus lacerta)
Sl £45 5,50 40 (Y210) ,5en 5 Ghasemi dallas
aFie (] )3 45 39 dreg)l Azl )0 (5,8 Ade> laaloy,
SbailEg, yws Job wl w0 Barbus lacerta &5 o
Sl 5 clrdse slrald (o5,4b) slr 2
0915 gne gL 4y ogazme bl Sy g ctlo ST

Oygoty slis (Sl 5l AU L ges O ISS jo
D9 oo 0aplie dag)l dxL o sl Ldg> 10 K5 50 blis
Boee bailsog, cud Sl (25 50 by g9 @l olul
ot Sl Cond Cl slaisS 03l Adse 5 O
Lo g5 lade 09 baisS 51 gobj slaws b aailso,,
=l Y gl Azl s ddg> 0 GlagS il 5l (AL
RGO RTINRY R A

dengyl dxlys ppl doge 0 IS Ly go £ USE o
¢ JSD) @bs 25hge 0n0 S 5o ngi plyd Dpgody
Eoi5 5l oAU Dadas aeg )l Ao Ly £45 a5 was o ol
dog> 50 IS Lo g4 Jlakie 09d 0 gy (350l ddl5e o
el yusio /oY B ofe oY laag )l dzl o



38°N 3B.E°N  37°N 37.5°N  38°N  38.5°N

Lih]
s
2
:% -
—
] I I I I
44°E 45°E 46°E 47°E 48°E
Longitude
aponyl Azl 33 Bdgo 53 (glaigS (i 3Rl I (B Ly g9 luio 0 JSC
pd
in -
[ue}
(2]
pd
& -
©
pd
o -
r—
[ap]
LiH]
~
2 Z
T &~
1 o
pd
H -
w
o
pd
o -
[ap]
T T T T T
44°E 45°E 46°E 47°E 48°E
Longitude
arogyl Azl yo Ldg 53 J5 Ly o ladie —F b
Sander &5 .(Jamali Ashtiani et al., 2016) 55 o sass> sbhailzog, i jo olsld ey & ole oyl
Sls olaisl sga | jgi bl slaws S lUcioperca byo dbg> eyl Azl 0 Asgm Joli 095 STy e

(Y10) o,Ken g Ghasemi dalas L asdly ol (Y JS2) <db (Mouludi-Saleh et al., 2022) al>s dog> 4 35



AR¥

drogyl azl ;o ase> lale 1o Lo i) £455 dulne

&) sheme ol SN plKin jo pii slails] dase
DBl b syl ks 5l 5 slalosl ddlge ey om0
(Wang and Han, 2023) ail L ,e (Lol Jlee
Wilge p S5 ulie OISl a5 ams o lis s ol
Solmal jo 1y ool S vemy col (Sew lailis]
B gl by laptew )3 a5 sas LA (S5
£y wishion i (0l Kis gloshyg, Job 58 o>lsi oS
slcls ok o 5 . (Schmidtetal., 2022) sas
aSh o coi rals Bolai jsba | lbaiss o Sl
il @ pdvaan] b oLl s bl 1) sols slaasss
slalsl dalse (Wang and Han, 2023) oS o Bd>
ol plo b 5losE Sy Cunl S (rizeon
GlLAT el a5 0l laase (S0 b wlse dile) Sa5elsS]
(shamecany (Bly soosls (gl gl o Ly gl ol
oo plad & S i jobay ad glalsl Ty
(Legendre, 2014) &5 o S5
5 Rl Glaadlie mow allbae ol @l elul
gloailsog; plale sl g55 )0 oldlax ki 5l lalsl
ddlas b b bl jo adl, ol oy Solate asg> (4l
Oliee ails lare aS" 5g (Y+V)) o,ea o Leprieur
ol olele lu o o slulal 5 oKl claaise
8alge LT dndllas o Lol el Dogliie oLdl o SLas 5l s
o 2l plale IS sl 555 j0 (e g u3Klr
Mol IS jebay ols las 1) oonldl OLE L slaady>
@ Comd W £55 glp 6688 BS St LSl e
Griffiths, ) el Jaxe g coddl SoSenl slaalols
sols plis 5 (Y4 VY)) oK 5 Qian dxllas o (2017
don o oLl Jolgd b L g0 slo,lxe Ly, a5 0l
lails] gelsgz.0g) (corldl (sloalolé L Laily) 51 5iss8 9,150
3,90 sloailEog, (6,0 paiges bla cdél o a5 oLl sl
e sanaslsl el wiyls S8 gz ol o aslllas
39 oS e wald cblis gl | o ,Shoe Lk ) bl
G e plas ) YL Kl a5 sulex a5 b
@ Jate g 255 Gble &5 W)ls sl Sblis slassl !
Swe (Walsh et al., 2022) w5 o b 0 1, [ K0Ss
s ST o laln] Adlge o Lies d o dsay ol
Sl (slaais | wlyi laglSe o iesiie Lai> §yo
5 Jlas! (Soininen and Kdngas, 2012) ws cdaslxe

Sander lucioperca &s5 <1 oluly a5 cils Sl
D9y4ny) «Slr ) amg)l Log> &lBog, Vom0
(slrsbles (slrBeo e sl Bye slranld wgydiens
slrallee alsog, 8 Lk (slaslil 5 (sl )of wslr e
Gble (Jlois j35 10 aigS pl gy pl b ol comlin
I SYE g 09 00 5 )l S Ky slaailesg, (oras
PRWSN B 74 N TR R WL - € 2 R T -t
o4 1) azbye ol plele gl JSlss i
445 (Rahimibashar et al., 2008) <l sols olazs!
L8 SO glgear VAVY JLs o Sander lucioperca
SVl (g eslS Ve o gllasls (lale sl S U5S
SaisS 5l o g5 ol b 0,033 894,550 wlgaile
Ol I3 el Jhas (pyme yo oS Cel Glnl e )5
.Javid Rahmdel and Falahatkar, 2020)

Oon B oest lalsl dilge polis adlee cul 4o
Wlge 5l i aeg)l dxbye ppl Ao sladilseg,
S ) S slo g 5l lodes w9 0 (S0l
5 POOI &l b ldail jo il oyl el ools _olazs|
sl gleasy> o Lo ge5 o] o aS cel (V) F) ) Sen
4 5 7S Ol 5 0r (slailenT Ao 51 56 Boes ail3
OLen g LEPIIEUr rizan ol o bogpe (350> dilse
Ly g5 50 1y 6,3V slalesl dalge walie joboay (Y- )
Lol )0 (ol Blos, S ddgm pwlide o0 (o Glole
Gyl bl slaoyem a5 siils olo Ll .ass S samlie
Boae 5 s o s (slailen] Al 4 ilos YU by 55
5 S s slaaisS 5l (B0 5 Jsene slodisS S|
&l et 2l Glopiarnsst jo Glaildl slagSl . siloass
slanT s b slulsl dase (Pires et al., 2017) sws
Oleeds .l L o aaisl yols cows 3L Las o (So56)6S]
Glodisd 18y o il 4 e oy ol 4SS ST (e
2l sllal dilse (enlSin g 5 gd oo ladlaie
Wang and Han, ) aes o Lials laalssg, 5 baxl o
LgL:bgi 5 Lg\ﬂJL&i‘:T e Cuwl Sew uioren (2023
Soininen and ) ol Lo e Solas &pzle 4 op
Fy Sy o slulsl dlse &8Iy o (KONngas, 2012
31500 baigS b lgs |y aid) caws 1 sladiel a5 was o
ool s 5l blia 40 0,5 %l Ll jgbre slaplSa
ol iz 395 gm Jpao a3l Jsbo 15 5 381 4igS



VE-Y 50l oV oLl YV 0550 o))l grmde aolie aloee (DL

Yof

izl s dsg 5)lo paiges bl ples )3 1) Loy (e Slol
595 S Adlse g0 4y S Ly g4 oS Lol 5l ols oylis aeg)|
ol og Gl Gl oo 0l o pdS
5o ol L el oad )l ol (S3slsS) sleanl 3
oaisS acgorms jLSlo )0 Sslite Glapmsilic 5 adlse
<2571 .(Oikonomou and Stefanidis, 2020) a5 ,ls cJ¥s
rgs Sl (S E95 Lab SlapilSo 5 2555 lasSl |
Ot 9 009 ool Pl s g4 3l cblas slao
5 ot 2 Gty () €535 63,55 slasSl
Ol pesd Som i 4 WlgE oo Aol 80 o Jolge S0
aS S8 bl copoe el Slladl gancaglyl 4
5o i slalsl ddge (ke 51, (Erfani et al., 2021)
Sbass 5l 28 sl Sy pbd Ol Ly ges
sl YU 5 A e o S e aros | slasls]
Gy oaseblis slalSe 5l 6 i olaws eds Legy)
NS el 352 al bl [l 3550 955 4y (ol
G5 5l S8 Slaple Cagl lp &5 5l i ol
Wlge Vb ghw S92y Djge 3 S Wb droy
O laiss Pt 6‘41:":’" Cldcsozo ;g 56‘4.3[.3.:;"
SHp ddhie S g ail Hob Hlews Bly slis Ho cul
A e | glilate ladieS 5l saslr Cblis wilgs od

(Bevilacqua and Terlizzi, 2020)

S &S wn

Syt 61y o 985 (e (030l b (slailid] dage s
el o Sl (S99 1 5 (bl yrr Ceny Pils 5L S0
Sl sade las,gbiws Wlgoe ;o> ddllhs slaaidly
bl w5l p g asl atsls cbla> (5 a6l p (g 5lwaig
B gz L g9 sloadlie ;0 ol ) 4 atils o S5
los St Jless! blis slags b 51 Seal> (658

2 SRl e Bl Cage olSiny; (r o5 bLS))
.(Griffiths, 2017) s¢i o Lo £45

Ly ey gl 5laeyo V5l jieS hazl o 5 bailsog,
WS oo 2 0 ) 2P B ) £ Lol eaims oo By
Olve e p)loz S oS (oalo igS VAL v e 4y Suo 5 alex
S5 oplplo (Suetal, 2021) was o LS5 1) ol
ool e slasSIl ol lis 4y Bglans Buas aslllas ol
obale slo 95 50 (L3Rl 5 bt sloadie (oo
A (6l paiges ple digS Yo 0g dng )l Aog> sladilsg,
45 Wlows Sgaze iz by Se s aaisS ol 5| 5 a8
Gl S e oS baisS S5 0 ge5 A ol ol
oS bl i b ol Jleis 4y o gloliss slasloal
Boes Sl b ol 55 0ol bl e cnds LL3 )|
g (gt 55,315 Slocaled b Lasye e 5,
L a5 (Rodriguez et al., 2023) 54 o
L slales] ailge a5 Jlo ;5 wenl Lo yo danmes (sKonl
dalge g Sladlae 58T 0 .ol bad e ladisS ol caws 5l
o Ll ol 0 38 STl Bl 5| 55 )5 i 3Sal
dalllas o (Griffiths, 2017) coul oglae SIS a5l Ll
GgSIl FaiSTyy sy 6l 45 (VY 4) o] Kon 5 ZEN
b ol (5 s esnssST o pltle ggame 5L 55
L g oo susal> 5l 256 boes Lo go5 a5 0 aseiw
5)90 Jsb 50 o] Jlade g bl Sten oo ol i
03,550 g ;S5 oSy ) ;0 09 ol ¢ gyl Ve
LaaigS (38 s Sl et (6 s SLoaisS (510 Ypmno oS
§lolas sbbaiss (Jl ol bl @, bole Gl o
Splal b 50 sladiss b e yudy aiilys oo a2 Caws
L .(Wang and Han, 2023) wigs 35l alie S3506ST
b Cot amg)l papl Aog laailiog, Sl 4 azg
Olple il g3 anle 5 (o0 Sl g (s3leom 5 65)0leS
Boe Ly g9 5 03l 1) S0 sloolfiny b atlie lasl
oy gycnl 3l (il b el slulesl dlge 51 o50
bl claal y cow Y glailos] aalge b gblie 55 oo
O 4S5 AT 5 (il & bgrye Slacasbis 5 2555 158
55 B Sk 890 sl og, sloelSiny

55 9 baisS j9a> 5l (oot gokaw (J5 sy g9 polis



Y- drogyl azl ;o ase> lale 1o Lo i) £455 dulne

References 6\;.4 .5

Ahmadaali, J., Barani, G.-A., Qaderi, K., Hessari, B., 2017. Calibration and Validation of model WEAP21 for
Zarrineh Rud and Simineh Rud Basins. Iranian Journal of Soil and Water Research 48(4), 823-839. DOI:
10.22059/1JSWR.2017.216989.667543

Alho, CJ.R., 2008. The value of biodiversity. Brazilian Journal of Biology 68, 1115-1118. DOI:
10.1590/S1519-69842008000500018

Ardura, A., Planes, S., Garcia-Vazquez, E., 2011. Beyond biodiversity: fish metagenomes. PLoS One 6(8), p.e
22592. DOI: 10.1371/journal.pone.0022592

Barton, P.S., Cunningham, S.A., Manning, A.D., Gibb, H., Lindenmayer, D.B., Didham, R.K., 2013. The
spatial scaling of beta diversity. Global Ecology and Biogeography, 22(6), 639-647. DOI:
10.1111/geb.12031

Baselga, A. and Leprieur, F., 2015. Comparing methods to separate components of beta diversity. Methods in
Ecology and Evolution, 6(9), pp.1069-1079. DOI:10.1111/2041-210X.12388

Baselga, A., 2010. Partitioning the turnover and nestedness components of beta diversity. Global Ecology and
Biogeography 19(1), 134-143. DOI: 10.1111/j.1466-8238.2009.00490.x

Baselga, A., 2012. The relationship between species replacement, dissimilarity derived from nestedness, and
nestedness. Global Ecology and Biogeography 21(12), 1223-1232 DOI: 10.1111/j.1466-
8238.2011.00756. x

Bevilacqua, S., Terlizzi, A., 2020. Nestedness and turnover unveil inverse spatial patterns of compositional
and functional B-diversity at varying depth in marine benthos. Diversity and Distributions 26(6), 743-757.
DOI: 10.1111/ddi.13025

Cardinale, B.J., Duffy, J.E., Gonzalez, A., Hooper, D.U., Perrings, C., Venail, P., Narwani, A., Mace, G.M.,
Tilman, D., Wardle, D.A., Kinzig, A.P., 2012. Biodiversity loss and its impact on humanity. Nature
486(7401), 59-67.

Cardoso, P., Rigal, F., Carvalho, J.C., 2015. BAT-Biodiversity Assessment Tools, an R package for the
measurement and estimation of alpha and beta taxon, phylogenetic and functional diversity. Methods in
Ecology and Evolution 6(2), 232-236. DOI: 10.1111/2041-210X.12310

Dias, M.S., Oberdorff, T., Hugueny, B., Leprieur, F., Jézéquel, C., Cornu, J.F., Brosse, S., Grenouillet, G.,
Tedesco, P.A., 2014. Global imprint of historical connectivity on freshwater fish biodiversity. Ecology
Letters 17(9), 1130-1140. DOI: 10.1111/ele.12319

Eagderi, S, Mouludi-Saleh, A, Esmaeli, H.R., Sayyadzadeh, G., Nasri, M., 2022. Freshwater lamprey and
fishes of Iran; a revised and updated annotated checklist-2022. Turkish Journal of Zoology 46(6), 500-
522. DOI: 10.55730/1300-0179.3104.

Eagderi, S., Jalili, P., Cigek, E., 2018. Oxynoemacheilus elsae, a new species from the Urmia Lake basin of
Iran (Teleostei: Nemacheilidae). FishTaxa 3(2), 453-459.

Eagderi, S., Moradi, M., 2017. Range extension of the lake goby Rhinogobius similis Gill, 1859 (Teleost:
Gobiidae) to Urmia Lake basin in northwestern Iran. Biharean Biologist 11(2), 123-125.

Erfani, M., Danehkar, A., Salmanm ahiny, A., Etemad, V., 2021. Modeling of Beta Diversity along a Gradient
of Disturbance and Environmental Factors in Hyrcanian Forests-Kheyrud Kenar, Nowshahr. Journal of
Environmental Science and Technology 23(1), 145-158.

Ferrier, S., Manion, G., Elith, J., Richardson, K., 2007. Using generalized dissimilarity modelling to analyze
and predict patterns of beta diversity in regional biodiversity assessment. Diversity and Distributions
13(3), 252-264. DOI: 10.1111/j.1472-4642.2007.00341.x



\\‘o’(‘)...ab‘\‘ o)l.w.‘l‘:‘VV °)3'>‘U‘)"‘L5""“!96"L"‘°4-1-’°°‘U>L~w v.s

Fleishman, E., Donnelly, R., Fay, J.P., Reeves, R., 2007. Applications of nestedness analyses to biodiversity
conservation in developing landscapes. Landscape and Urban Planning 81(4), 271-281. DOI:
10.1016/j.landurbplan.2007.02.002

Gavioli, A., Milardi, M., Soininen, J., Soana, E., Lanzoni, M., Castaldelli, G., 2022. How does invasion degree
shape alpha and beta diversity of freshwater fish at a regional scale? Ecology and Evolution 12(11), e9493.
DOI: 10.1002/ece3.9493

Geiger, M.F., Herder, F., Monaghan, M.T., Almada, V., Barbieri, R., Bariche, M., Berrebi, P., Bohlen, J.,
Casal-Lopez, M., Delmastro, G.B. and Denys, G.P., 2014. Spatial heterogeneity in the Mediterranean
Biodiversity Hotspot affects barcoding accuracy of its freshwater fishes. Molecular ecology resources,
14(6), pp.1210-1221. DOI: 10.1111/1755-0998.12257

Ghasemi, H., Roudbar, A.J., Eagderi, E., Abbasi K., Vatandoust, S., Esmaeili, H.R., 2015. Ichthyofauna of
Urmia basin: Taxonomic diversity, distribution and conservation. Iranian Journal of Ichthyology 2(3),
177-193.

Ghasemi, H., Roudbar, A.J., Eagderi, S., Abbasi, K., Vatandoust, S., Esmaeili, H.R., 2015. Ichthyofauna of
Urmia basin: Taxonomic diversity, distribution and conservation. Iranian Journal of Ichthyology 2(3),
177-193.

Ghelishli, F., Sepehri, A., Akbarloo, M., Mirdeilami S.Z. 2016. Defining main environmental gradient in
rangeland habitats using B diversity (Case study: Chaharbagh rangelands of Golestan Province). Journal
of Range Management 3(1), 51-61. DOI: 10.22069/jrm.2017.9366.1196

Goudarzi, M., Salahi, B., & Hosseini, S. A., 2018 .Estimation of Evapotranspiration Rate Due to Climate
Change in the Urmia Lake Basin. Iranian Journal of Watershed Management Science & Engineering,
12(41), 1-12.

Griffiths, D., 2017. Connectivity and vagility determine beta diversity and nestedness in North American and
European freshwater fish. Journal of Biogeography 44(8), 1723-1733. DOI: 10.1111/jbi.12964

Hesami, A., Amini, A,. 2016 .Changes in irrigated land and agricultural water use in the Lake Urmia basin.
Lake and Reservoir Management 32(3), 288-296. DOI: 10.1080/10402381.2016.1211202

Jafarian, Z., Omidipour, R., Zandi, L., 2021. Effects of altitude and soil properties on alpha and beta diversity
in plour rangelands of Mazandaran. Iranian Journal of Applied Ecology 10(1), 79-92. DOI:
10.47176/ijae.10.1.2022

Jamali Ashtiani, A., Eagderi, S., Khorasani, N.A., Zamani Faradonbe, M., 2016. Comparison of body shape
features of Kura barbel (Barbus lacerta, Heckel 1834) in Caspian, Tigris and Uremia Lake basins using
geometric morphometrics technique. Journal of Animal Environment 7(4), 143-150.

Javid Rahmdel, K., Falahatkar, B., 2020. Principles of pikeperch (Sander lucioperca) larviculture. Journal of
Applied Ichthyological Research 8(5). DOI: 10.22034/jair.8.5.21

Leduc, N., Lacoursiere-Roussel, A., Howland, K.L., Archambault, P., Sevellec, M., Normandeau, E., Dispas,
A., Winkler, G., McKindsey, C.W., Simard, N., Bernatchez, L., 2019. Comparing eDNA metabarcoding
and species collection for documenting Arctic metazoan biodiversity. Environmental DNA 1(4), 342-358.
DOI:10.1002/edn3.35

Legendre, P., 2014. Interpreting the replacement and richness difference components of beta diversity. Global
Ecology and Biogeography 23(11), 1324-1334. DOI: 10.1111/geb.12207

Legendre, P., De Céceres, M., 2013 ‘Beta diversity as the variance of community data: dissimilarity
coefficients and partitioning’, Ecology letters. Wiley Online Library, 16(8), 951-963. DOI:
10.1111/ele.12141

Leprieur, F., Olden, J. D, Lek, S., Brosse, S., 2009. Contrasting patterns and mechanisms of spatial turnover
for native and exotic freshwater fish in Europe. Journal of Biogeography 36(10), 1899-1912. DOI:
10.1111/j.1365-2699.2009.02107. x



Y-y drogyl azl ;o ase> lale 1o Lo i) £455 dulne

Leprieur, F., Tedesco, P.A., Hugueny, B., Beauchard, O., Durr, H.H., Brosse, S., Oberdorff, T., 2011.
Partitioning global patterns of freshwater fish beta diversity reveals contrasting signatures of past climate
changes. Ecology letters, 14(4), 325-334. DOI: 10.1111/j.1461-0248.2011.01589. x

Lopez-Delgado, E.O., Winemiller, K.O., Villa-Navarro, F.A., 2020. Local environmental factors influence
beta-diversity patterns of tropical fish assemblages more than spatial factors. Ecology 101(2), e02940.
DOI: 10.1002/ecy.2940

Mouludi-Saleh, A., Eagderi, S., Poorbagher, H., 2022. Ichthyofauna of the Iranian part of the Sirvan River
drainage with the first record of Cobitis avicenna and Oxynoemacheilus euphraticus. International Journal
of Aquatic Biology 10(3), 242-253. DOI: 10.22034/ijab.v 10i3.1639

Oikonomou, A. and Stefanidis, K., 2020. a-and B-diversity patterns of macrophytes and freshwater fishes are
driven by different factors and processes in lakes of the unexplored southern Balkan biodiversity hotspot.
Water, 12(7), p.1984. DOI: 10.3390/w12071984

Pires, M.M., Stenert, C., Maltchik, L., 2017. Partitioning beta-diversity through different pond hydroperiod
lengths reveals predominance of nestedness in assemblages of immature odonates. Entomological Science
20(1), 318-326. DOI: 10.1111/ens.12263

Pool, T.K., Grenouillet, G., Villéger, S., 2014. Species contribute differently to the taxonomic, functional, and
phylogenetic alpha and beta diversity of freshwater fish communities. Diversity and Distributions 20(11),
1235-1244. DOI: 10.1111/ddi.12231

Purvis, A. and Hector, A., 2000. Getting the measure of biodiversity. Nature 405(6783), 212-219.

Qian, H., Cao, Y., Chu, C,, Li, D., Sandel, B., Wang, X., Jin, Y., 2021. Taxonomic and phylogenetic -diversity
of freshwater fish assemblages in relationship to geographical and climatic determinants in North
America. Global Ecology and Biogeography 30(10), 1965-1977. DOI: 10.1111/geb.13358

Radinger, J., Britton, J.R., Carlson, S.M., Magurran, A.E., Alcaraz-Hernandez, J.D., Almodévar, A., Benejam,
L., Fernandez-Delgado, C., Nicola, G.G., Oliva-Paterna, F.J., Torralva, M., 2019. Effective monitoring of
freshwater fish. Fish and Fisheries 20(4), 729-747. DOI: 10.1111/geb.13358

Radkhah, A.R., Eagderi, S., Poorbagher, H., Shams, Y., 2020. Investigation of fish fauna and environmental
factors influencing biodiversity in the Zarineh River, Urmia Lake basin (West Azerbaijan Province).
Iranian Scientific Fisheries Journal 29(1), 81-91.

Rahimibashar, M.R., Alipoor, V., Danesh, M., Alinia, M.R., 2008. Survival of biometrical characteristics, diet,
gonad and liver index of (Sander lucioperca) in the lake of Arass Dam. Pajouhesh-Va-Sazandegi 21(2),
58-65. (In Persian)

Rodriguez, S., Galén, P., Martinez-Abrain, A., 2023. Nestedness Patterns of Amphibian Assemblages in
Northwestern Iberia Along an Altitudinal Gradient: Implications for Conservation. Herpetologica 79(2),
79-90. DOI: 10.1655/HERPETOLOGICA-D-22-00031

Rolls, R.J., Wolfenden, B., Heino, J., Butler, G.L., Thiem, J.D., 2023. Scale dependency in fish beta diversity—
hydrology linkages in lowland rivers. Journal of Biogeography 50(10), 1692-1709.DOI:
10.1111/jbi.14672

Schmidt, R. C., Woods, T., Nyingi, W.D., 2022. Drivers of species richness and beta diversity of fishes in an
Afrotropical intermittent river system. Ecology and Evolution 12(12), e9659. DOI: 10.1002/ece3.9659

Shinde, S.E., Pathan, T.S., Raut, K.S., Bhandare, R.Y., Sonawane, D.l., 2009. Fish Biodiversity of Pravara
River at Pravara Sangam District Ahmednagar, (MS) India. World Journal of Zoology 4(3), 176-179.

Soininen, J., Heino, J., Wang, J., 2018. A meta-analysis of nestedness and turnover components of beta
diversity across organisms and ecosystems. Global Ecology and Biogeography 27(1), 96-109. DOI:
10.1111/9eb.12660

Soininen, J., Kéngas, P., 2012. Analysis of nestedness in freshwater assemblages—patterns across species and
trophic levels. Freshwater Science 31(4), 1145-1155.



Soudi, M., Ahmadi, H., Yasi, M., Sebilla, S., Ahmad Hamidi, S., 2019. Regulation of the Rule Curve of Dams
Based on Conception of Environmental Flow (Case Study: Elected Inflow Rivers to Lake Urmia). Iran-
Water Resources Research 15(2), 329-341.

Su, G., Logez, M., Xu, J., Tao, S., Villéger, S., Brosse, S., 2021. Human impacts on global freshwater fish
biodiversity. Science 371(6531), 835-838. DOI: 10.1126/science. abd3369

Swingland, 1.R., 2001. Biodiversity, definition of. Encyclopedia of biodiversity, 1, pp.377-391.

Tisseuil, C., Leprieur, F., Grenouillet, G., Vrac, M., Lek, S., 2012. Projected impacts of climate change on
spatio-temporal patterns of freshwater fish beta diversity: a deconstructing approach. Global Ecology and
Biogeography 21(12), 1213-1222. DOI: 10.1111/j.1466-8238.2012.00773. X

Villéger, S., Miranda, J.R., Hernandez, D.F. and Mouillot, D., 2012. Low functional B-diversity despite high
taxonomic [-diversity among tropical estuarine fish communities. PloS one 7(7), e40679. DOI:
10.1371/journal.pone.0040679

Walsh, G., Pease, A.A., Woodford, D.J., Stiassny, M.L., Gaugris, J.Y. and South, J., 2022. Functional diversity
of Afrotropical fish communities across river gradients in the Republic of Congo, west central Africa.
Frontiers in Environmental Science 10, 981960. DOI: 10.3389/fenvs.2022.981960

Wang, L., Han, B.P., 2023. Non-random species loss under human disturbance increases the nestedness
component of macroinvertebrate beta diversity in tropical streams. Ecological Indicators 154, 110918.
DOI: 10.1016/j.ecolind.2023.110918

Yamani, M., Abbasi, M., 2020. Evaluation of Flooding below Gadar Catchments based on Morphometric
Parameters and Statistical Correlation. Town and Country Planning 12(1), 205-224. DOI:
10.22059/JTCP.2020.293947.670048

Yasi, M., 2017. Management of Rivers and Dams in Supplying and Delivering Water to Urmia Lake. Strategic
Research Journal of Agricultural Sciences and Natural Resources 2(1), 59-76. DOI:
10.22047/SRJASNR.2017.110559

Zbinden, Z.D., Matthews, W.J., 2017. Beta diversity of stream fish assemblages: partitioning variation between
spatial and environmental factors. Freshwater Biology 62(8), 1460-1471. DOI: 10.1111/fwb.12960

Zeni, J.0., Hoeinghaus, D.J., Roa-Fuentes, C.A., Casatti, L., 2020. Stochastic species loss and dispersal
limitation drive patterns of spatial and temporal beta diversity of fish assemblages in tropical
agroecosystem streams. Hydrobiologia 847, 3829-3843.



