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EXTENDED ABSTRACT

Introduction: The distribution pattern of simuliids, like other aquatic animals and especially
benthic invertebrates, is affected by the surrounding environment and the fluctuations of
ecohydraulic variables. These Dipterans are common benthic organisms in running waters, and
they show significant reactions in response to disparities in the physical habitat and hydraulic
variations.

Materials and Methods: In this research, trough PHABSIM simulation system, favorable
biological conditions (HSC), and by using HABTAM module, and the percentage of favorable and
settleable habitats (WUA) for this group of macrobenthos was analyzed. This research was carried
out during 8 surveys (from the beginning of June 2022 to September 2023) in 4 study stations, by
measuring 3 hydraulic variables and collecting Simuliid larvae/pupae in Cheshme-Kileh River.

Results and Discussion: A total of 4380 Simuliid larvae and pupae were examined. It is
noteworthy that the maximum abundance of Simuliid larvae was recorded at the research center
station located upstream (station 1) and the minimum abundance was recorded at the
downstream deltaic station (station 4) of Cheshme-Kileh River. The habitat suitability curves
(HSC) also showed a significant influence of the larvae of the Simuliid family on the
hydromorphological conditions of the habitat in the Cheshme Kileh River, and the optimal
habitat ranges for the population of Simulid larvae in the flow velocity of 0.8-1 m/s, depth 0.2
m and the substrate structure index (Channel Index) was evaluated as 50. The pattern obtained
in HABTAM clearly shows that Simulid species prefer medium depths of about 0.15 to 0.9 and
occupy the most WUA at these depths, at this depth range the maximum WUA% remained
constant and the habitat conditions remained favorable for the larvae of this family. On the
other hand, the highest value of WUA against dimensionless speed (V/Vmax) was determined
to be around 0.4 to 0.5 and the suitable habitat area reached 22%. Also, the percentage of
suitable habitat area in the speed ranges of 0.5 to 1.1 m/s remained constant at 18-22%. This
suggests that Simuliid larvae prefer moderate flow conditions, which may provide optimal
feeding and respiration conditions. In relation with the grain size and bed structure in Cheshme
Kileh River, the percentage of suitable/usable habitat (WUA) showed an increase with the
increase of D50. Also, in the middle ranges of the bed particles, the area of suitable habitat
(WUA) remained in the range of 18-18.5%. And finally, at D50/(D50max = 1), a significant
increase up to about 21.5% in the appropriate habitat space was observed for the simulid larvae
This trend indicates that the largest relative sizes of substrate materials provide the most suitable
habitat conditions for attachment and settlement of simulid larvae. Also, in accordance with the
patterns of WUA changes, the abundance distribution of simulid larvae also showed a
significant decrease by reaching the river delta and by reducing the size of the bed particles.

Conclusion: Finally, the results of this research exhibited that by simulating and identifying
the preferred habitats by macrobenthos, especially the sensitive groups to hydraulic discharge
variables, including the larvae of the Simuliidae, it is possible to control the resource
exploitation projects and direct the rehabilitation projects in such a way that constraints and
advantages of the habitat should be considered and the components of the flow should be
controlled in such a way that suitable habitats for simuliids or other macrobenthos and finally
fish communities are preserved.

Keywords: Riverine ecosystem, Simulation, Habitat suitability curve, usable area, Simuliidae.

* Corresponding Author Email Address: r_mousavi.nadushan@iau-tnb.ac.ir

DOI: 10.48308/envs.2024.1427

ConDod

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1427
https://orcid.org/0000-0002-9966-7387

YOAA-SAVY :LLs
39 0ud gouew 00lgils (slag Y Cgllao oiws j ol (g 5Lwands
(Al aouinz 4il504,) PHABSIM Juw

"ol G Lo e T SLLLL 0315050 Ls joomme « © * o lbgui (sgmsn 3y

Vo Y (F): OAY-08A (g8 danro pole

siengs Alia

VE-Y/ONF il fu b
VEYIV A i

b g oS

5 O3eles Lo 5l Sl 6385 (e 2 ohgr 5 bl plo aile Wadsens 1Sy oS idus g all
Shlos 4 5 s oo o sl sleel 1o @l b 3 Vsl ool Sy paensS] (slaeito Slbog
(1) aallle ¢l Blanl 13 i o o5 (a5l slo Jadll e ol Slyyan 5 (Ko ol
oz BS1n s el b)) Ser Oz Sges Sl U cow (Kb oy Sllug giluacd
Ol sy (gl (S0 iy collae sl 0dguze g (i (V) (Simuliidae) oo gommw 0dlgil> (glag,¥
15 S sl wite s Slilug Gelul s (WUA ) oliiws BB Corlice doys anslons Liles g oslgils
b A S e )0 Al dnte 409 e JS

(HSC) 28y ; wollas Loyl i asals PHABSIM (g3l dods i 3l 00liiwl b 3udios ol jo il gigy g Olgo
Sype ddgones oy Y gl (WUA) il L g wollas sl olfiey doys HABTAM Juw 3l eslicel b
ablie 5 (VFY 00085 VF) Sl 3 slal ) ol o Sllas A LB s s ol 28,5 )5 b o 359
A plonl dlSaatz ailog) o ddsers slag)Y ()5l ez 5 Slgyaee nite ¥ ioei b o Slalllas oS! F
Al aSulazg BB aSs. c8)F 18 sy 9550 5 Ghsled ddgenas 9,¥ FYAC Slasd ggamme j0 1y g o
S iz 5 () olSEsl) AL dotr aliog, sVl 45 il Sk 35 o o] 19 g slos,Y Sl
J.:LB <$)‘J" ):JlJ RS- QL.» 5 (HSC) oli.w.;) el sl (ST S S (F o)) coan oK) »
sboojl 5 g akS deia wlhyg; 3 (BB Suisdsiigeg e Lulpd ol ddsers oolgls slag )Y ax g
9 e IV Gee b p e AS) Gl S )3 s 03Il Glag)Y Conex sl (AR osllas
aS smo e i g% HABTAM 5 ol ety (555! Craizmod 00 8 b5, 00 Jolee jiy jlisle asls
Jbl glast ol 3o 1y pebans o i g 9imd oo g5 ) dA B 210 sgu hawgie slbgos adsor slo 455
ool s, (gl ol Lal s g SOl LY 0=V 0 oogazme jo il LB mhaw Bes 5l osgaze (pl o naled oo
G +/F sgam (V/V_max) om o9 &y ;0 WUA Jlade o yitin 508 (g9 3l dilo oo (Bb ollas olgils
o3l ;o Ay ol Coluw do o izmes ) LYY 4 sl o) Colis g W 5 adein + /0
oS w3 e LS Eeoge ol ile Bl Coli g 9oy VY VA e 4 sl e VY b /D Sy slo
S wold ) e (ot Ll 9 4055 el (e 85 80 o e ) Lagite b2 Ll 8 adgen sl Y
Owl38ID50 aol8l L (WUA ) Callas ol j duo o c alS doi ails0g, oy sl g o aibb b bl jo
ol ZVAD-VA 03ga5m0 13 (WUA) Ggllae oSt 5 clacs ¢ i )3 Slo (5la 03905t )3 iz 0l Las
ol s svalin ol Collas slad 1o AYV/D sgu> b azgs b Lial33l o D50/(DS0pa = 1),0 5 ibo
5 Ot Sl 1y (s Ty (5 eslio iy Slgo (oo sloo3lil (2555 oS (T ik s,
slosy o3 ST s WUA S slasl b llas coizman w5 oo 0l aslyan slas,¥ it
Sl i 6 pSea Al s D) ple AL g alhog; crae 4 (0L e L 5 g

Qb3S g (e sl ol s (plolids 5 (il and b olo (s Gaiod opl S Coled 50 16 S Az
oxte S o9 Ole (oo widger 03l slag)Y alex I SIgyune slayll 4 pules sle 095 o
P) Sl Camgllae g bo Cudgacme a5 dged Culaa b a4 ) bl e oo 5 U5 T, sl
doadsars slyt onlio SloolSi 45 0,5 15 S8 o (sl 655 & oloyz sl adlye 5 o9 45,5150
2gh Lad plale galyz Cale )3 5 GL3ES Rle

(ltwd JB i gl olliny) ol (oo wile 4 (a0 tansST g lS (sla03 g
oddgoc

* Corresponding Author Email Address: r_mousavi.nadushan@iau-tnb.ac.ir
DOI: 10.48308/envs.2024.1427

O

w2l 5 e psle 055
Al o2y O3 5 pple ouSls
sl o] olSils o Jlos i

bl o,

oSy ‘u]éaL.c (swkigo aj;r
olLiils “"“"‘J‘é""“’ﬁ y/»‘dﬁ,.g.c
u/J"/‘u/J'ﬁ’f" i gl

gz o ol oL/

3 Seblb ooljaze o oy o gl
ilodas VPP ly ois
slog,Y Callao oKy ; coluco
J"u)"’ "4:‘-/}4;--' o.)/}jL;

(ALS 4oz 41555,) PHABSIM
(V)Vr*wf‘;amﬂ}ku .
DIN-OAY

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1427
https://orcid.org/0000-0002-9966-7387

OHe 5 s (ggmge

oad plodl )oi5 5l )5 5 plnl sloadilsss) 9,
o S 5 & olgon (BT Sl 51 o
Abbaspur et al. (2012) lawg alSdeis 4ilsog,

Es5 on
Mousavi-Nadushan and  lawg oS

S 2hl g Sl dajgig Sle
4.;[.5.)5)
sl cean p&; oL, ¢ Ramezani (2011)
5 Sz lo 4igS (Byme b alS andz g0, Oy
s, S 56 Tavoli et al (2019)1,6
S SR s e Ol Sy Sy
Taban et al. lug 7,5 «lbog, ;0 bjgiug Sk
6‘)" dLmJi;.? o ub).o.f én‘}? uﬂ..S‘f « (2018)
byl Vahidi et al. (2020) ol e ailsog; cuan
(Yekshabe creek 4uish cuas SO5eleST CoaS

30,8 o lal Kosari et al. (2021)  lawgestuary)
szl Jow S5 3l @ (g5 o0 5988 51 )5 Olalllas
sowge wan )3 (5 A (B e (o dmslr Sondy
Sloly8 ol Vineetha et al. (2020) lawgs (6 s )5
ua.>L~u IRV u‘L‘*“)-’ 6)4—‘ L)lf)'ef"u;’ Coro> WS‘)" 9
Denis-Roy et lawgs Lol Jis J=>lgw o 25
W30y, A5 Camdy etd g (gadbal. (2020)
Loy jengie Sl Pl amlr wlol »o5e
b5, 9 « Setyobudiarso and Yuwonoi (2018)
3 €55 et ln S8l U cur ol coS
295 )0 &ly 59 AlBg) Ads> 40 il dxws g 9
2,5 o,lsl Zhang et al. (2020) bwg >

Ol By Candy (o 5 Sa3slsST Slalllas 5o
ohgr 2l bze (90 Slleg 5 Sluedl Snging
3eaildog, o pae Slegeal 4gi 4 5l a5 oK
S 50 Sl b ool clop b bad e 0)lge ales
] )‘Q)PI«' °)J5 M‘ )| c\.\.....\l_v il S9>9 ‘4.3[5&5)
PHABSIM G588 ofcan; iluancd

Jaw G (Physical Habitat Simulation System)

EVRT
Gl iyt 5 S e 2 Sleptass]
2S5 bl a5 g o0 Jledy (985 yo 0 i
20 )3 Wgdioe Joli 1) (e 5 raw slaol
ozl ooy OMSie 5 Jloo 4 a2 b 505
i 5 oS el i a5l Sl
ol Sapae ol GV s Lilaie 5 Sz b S
22 Soplal plla s Vbl Coenl I sble
Ghiyas Abadi et al., 2014, ) sl ,lo,05 5 ,5i5
.(Zhang et al., 2016, Yazdandoost et al., 2020
slaxi iag) Joe g (S3elsST Cueal slilo laailsoy,
RECT A TS [ BV S WA LCOMS PR P 351 DR P DO
Jobs 551,85 iyl lodory ey Lisle g
S 5o ol Blas plo 5 o phesmsST Slojlss
W sl s E3o9e kel Rl ase>
Mousavi Nadushanand ) o9, oo ,leis ol Copie
5 eldl s> Ll o baslbsg, .(and Fatemi, 2008
b s &5 515 Ll U ot oo ) cilizes (slaandse
Sl 65l 5 ol sleaiss Ghb ol gl
s gS| 5l iy, Ol CcuaS Bacls 5 aiiesn
S e ot 5 olele b 1 a8l Sslite wl
L Wil aplsz 5 i)l bz Sdgyam b (Soop bl
Slyees b ol ek 5 o5 g b ol b o

(Mousavi-Nadushan et al., 2010; 3595 oo 559,

sholse (yien .(Majdzadeh Tabatabai et al., 2017)
tlomd 5 o Se5ed Bl i £ die e asile
‘_“fagﬂ “511 Slge Jlade oKy = Sle
ST Ol ogm, D3 ol i e
G leale ol 5 ale 5 o Jycd S5 Jorlone
S Slagzge cnl 95 g (SR Wl o s> 5
Ghorbanzadeh Zaferani et al, ) a_xb )l..xf)...sl_, &5

(2017, Vahidi et al, 2021
Sliions Lot e SpilsST 5 S3glaey lallas

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

OAD



Gl bulpd 5o eadisslaer sleodls (las s
OLAS HL8) )50 50 (Jlo Sledbl conl (S ()b >
anlllas a Sliios 5| g0 gaome ol s Lol aams il I
BUSTRPIRY PVES KSR L E RS 1 PRR VYL W SRR DSON:S
5 ply adllle die) 5o gl anlllae ()5S b oS aawye
5 SldsS lo Cunbge SdgyummsST Lylyd Glojes
asl eati plmil (L3S (S p ol b g sean
Lo Sl & e 500 (g9 5l (Ozbek er al., 2025)
slagh > Slo)ls 900 90 0 50 L3S welsx
5 bl sslosl sln s3y8abp 50 (uizmen g oddplass
2 Glosnl3d jsbo a4y Slm ol 5 3ble Laa> |
(Fuetal.,2025; Weng et al., 2021) ool iol38l Jl>
dSanisr albsg, glo o) Lulys 5 (559055
aibaie S plyie 4y ol gleaslinw 5 ol
b w335 58 oo 5l (Ot le 9 STl
oy gleodld 5 wsp b oS
Sl Lo bt o ale by, saxie slaols,ls
(A Sogdl canle g (pb agp oy I b
Sretd Sbiwsg; 5 5558liS (Sogll « smio (Sl
03,5] S92 g1 A LS de it ailBog) el Lyl b o)
BUREW ORI W) R S0-T % S IRV S PR VL
Sasls oolgls S lag,Y el byl
Shael j3 Sy st bl b Sl pss (b)) 5o Ol
of e b (olS5 alSanis ailbsy, slo asli
Al (V) adllas ool Slowl 5 8,5 118 oolaiul 5,40
Olpss 53l cov (S8 oK Slley gl
&lor STn 9 b 2Ll e Gl Sgue
o odg0me i Ly (1) lyans o0lgils slag,Y
g 0dlgle cnl slag,Y sl (et o wolhas
6o yeriie oxeebs Sllug ol 5 ( WUA ) oo
A0 alS asia Alog) e S5 0 Slgyune

REPUER

BL3,I syl s 48 ol ptne Sl Su39dsST g 008
5 ) sl 5 Sdgyues sle asls Gl
aboz 5 0ll el gllae (s j bl yd (g5loard
MosFr @b Sl S8l by 5 b abe
3,59, b Ll ol ,o (Vagenas et al., 2023) =l
03l ¢yl jaS oLy 2 Sy paes Ll il 306 (o) 2
oo ganaily 5 (00 ¢ S iBes 4 bgpe o
5 PR el o g 5 (e PHABSIM
e b Soiglg aeeSt - atld Jle 4
HSC(Habitat Suitability Curve) oKiw) cwwls
o HSC slo (ot 35k 5l @dly 50 09,5 (o0 o5
A5 3590 Sl (ol s Ll 18 ColiS g coldsS Ol
oo B b ol (o0 Caled jo 5 D9ed (s i |,
L s HABTAM ,lj8le 5y 4 oolfinn) cols sl
5 eokhe Colbue ao s ¢ i slooliiin; 5le a4t
S i 1y 5 0550 sl sl (WUA) solawl L6
2 5 Sah el Ol onl S5 05ed b
wldog, ;o Sgazme S5 o LS sl o
S e Ceny lo el e o a5 ol
Sl g Shgy o yiege HSCs yol> o jo cawl sasads
5 Nsd (o0 wyeme () b alinl (el Cax
o byl glgl sl HSCs  (>1hb aise) jo Slallas
(Weng et o ls aolol g ,aumsST calizes oyl 56

al, 2021)
Al byl )0 0adg glaez slaools o Jlas i
Ok B3, 9550 50 Sl Dbl coul (S 0L >
gy e 03lS mazed o dy wiled o aS wims &l
suitability sl cove poudd 5 s «Dladlas ST 30
Sllee & glaools bl 5 L (HSCs) oS
Sl s e S con 5 5 ae oy
Sl elo 03l 45 Blalllas Lol sl Lol o0ls
A3 4l Wil oo it (Sloj slo o3l o g g9
o511, T sl s oo Ll 5

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

DAF



O g (pga3 (sgmge

b o] Caundgo 5 03gamo ol

< Wl

s 4 (8L caws o 4 dslllas 550 bl Sl o
Gebie yols i Sllllas sle o] anglin L
O Slides e )lgsl sl b gble
9085 cS S e el i8S s S Gl et
5 e laadlisw 5 Sliass idu )3 ol
Cawd ol Cwond 0 oSis] 90 g Ced liea
(V USK5) 50 cpizmes .0 )8 Olsl alS aoii ailsog,
el clasio (V) Jooz ;0 5 b oSins] coundge

ROW PRV IE I

LS9, 9 dlge

Trb o390 0 4309 (0g0s (820

Ol ohwisle oy8 adlate jo alS asin ailso,
Jolis z,b eogama jo o] Lol slaasls w5 ails
93 Bl os 995005 5 58 4w 590 sla ailsog,
Crx lan S Sise w e aw g liegs oy,
&35 5l @i e slo el - las 358 gz 5 0
o)l dibaie o 5 4zl b > o Lie 4nl )] 4K L
i S ed ogix 6 egkST VA sga> )0 oSl
wed oo JSAS ) alS deinr &g, 5 atugy

(O Uss)

. 50°20'0"E 50730'0"E S0°40'0"E S0°50'0"E S190'0"E
4 . -
£ || g . N =
2 | e . 7
Kl R :
- T [y o, T NE SRS
/ | g ~, | S
) G R y {2 T ® ‘
s 4 | ( ™\
e Iar N =5
T k) oy (R
N et A ,
& s
g =
g B
= 2
sd sleint
T | N s aaiy wissy, &
s =
2| B s =
2| OB s 2
(Sa)gua
5 54-943
(74 943. 1794
o8 17942533
o8 2533-3236 % 5
o8 ::235-4660 ——_ dim
S0°20°0"E S0°30'0"E SO°40°0"E S0°50°0"E S190'0"E

AL dodiz 3wl dbg> CurBge- ) S
Fig. 1- Location of the Cheshme-Kileh watershed

ALS aniiz 4oy ~anlllan 330 b o] (bl yir Copsige ) Jgaz
Table 1 - Geographic locations of the study stations — Cheshme-Kileh River

Ll b e LSl Job ol ol ol o) lould
Fo5e50- YOV FAOYYD.- 4 lidos 55 )
FoPAVVAFYY FAFFAY.A VS cszlSy Y
AR ARE Y FASS - AAS 3950l v
FVEFABA-Y FAYYY.) ceas —alS dai ¥

VF-fF ).ab <X c)l.o.;f: Y 0)90 ¢ngd ASIG";“ P)l" daolilad
OAY



S iy aliay,

roeda by,

3yl wliay,

— ‘-‘—':‘-—;‘-"—'JJ
(35005) ¥ o ket olian !

() ¥ o5t oK

{liios 50) 1alas ol |

Soilouds W yg0 a4 (Fldlae g oty 00 gumo - ¥ i

Fig. 2- Schematic outline of the study stations

4..3[) JLQ.».:‘ u_i..\.»..\.: U‘Q?jﬁ 9 X eols W S8
1Y eo® 55 9 sl a5 bl @ O Gy b
AT sl
a5 el S Sl slaiale;] 5l gamasly iales]
ol Slhgw, auals Jouse o jolaie 4
ol Jos a4 ssb e 0 (6,18 pdiges
RIS THIS RRTIE JPIEe
(McCafferty, ssass (gleds 5 48,5 13 olulis
a4 ol 31w 1981; Merritt & Cummins, 1996)
Iyore 0290 b g )10 93 098y Sng il S5
9 lolid 5l e 28,5 ol (gl S o aiges

o3 gorms 00l5il> (slag )Y (Slol 8 0o ys 5 Slold o 5 lets

S yiolyly (g ©1)3 51 (5518 2 diged

od gouw 00lgils glag ¥ 9 (Sdg uue
gy 3l eslial b ji (rbaw 5 D)3 51l dige
ol Ghgy olul p ez bl o) pad”
aS o ¥ s (Wolman, 1954) ol sloul (relg lawgs
S35 2 d97se (Fhaw Slgw 5o, S Ve olass
25 aY Sbgw; g bl pasie olal b gl SO
Gl diged (cazm> Ojg0 4 g azel sl ooliul b (el
0dds (5,5 gz sladigei (gan dils e Colgd 4o 0
ol talejl o alS antzr aleog) yis (s Y |
el s 4 3l slasIl 5] solial b ST Sl
slagyy Jlsld 05] Casss jslite 4 5 ) n lp
S ymaiges oiws jl xdan axly jo adgens oolgils
e o e osliinl @y el (VOXY+) o j9m

S g ol ools j1,E L > Cpm B30 g aS

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

OAA



O g (pga3 (sgmge

Lyl s ol jo akal, cpl jo ol eolexw! PHABSIM
3 el Sl el 2 adgenn (i ollas
1,5 cJB ;o PHABSIM ;5 axlllae 5,50 slo oSt
et aS ol JS3 @ p3Y 000 5 o i HSC slad
SIS s Ngd (o0 Dgaine () (53l Joe
HABTAM a4y 4 (635)5 sloodls (lye 40 358
Ogi Gilwas WUA laosls b ol 850

5 s BB ol (mijliel Cumr ol o s
ooyl slag,Y (gl ol (g5l el (plSisj ogllas
Gl dnds oo, yle ( Saad (305 5l ¢ 00 g
(SPSS software, version 19) o oolatw! aslllae 5,50

=W
i ey aY 0 gan ab gla g
bt ogm 4 F o ¥ cle oSyl |, ooy by

(V7 JS8) wiloals

Stl

St3

A dwle oS! ;2 0 g ole 2, 40

O‘iuw.?) by (0 ..\.Jg.’

6).»\4 )_ul) RN QL"‘“ oli......._v) WL._, 6[_9‘5,_—;;,_9
3¢5 o) Supd g 09> S Lo ol lul
)9 ‘;.3.[9)&.3.% () LsLmoolo uul.w‘f (KVBRCCIS
00‘9.;15 Coro> 6‘).3 sclS.H.MJ/" j wl.b &LQ ;.M " 3
2 88 3 oS g S 990 9 (o p o g
5 Gos Jold oadsern oolgls lag )Y Ky
W85 8 i Spge S g Al 5 Gl S s
sloce g Gloel ;o adgarn slag)¥ Jlgld s
g0 Ay (g Al i ol pes 4y g (S0l bl
S8 e Jol al> 1o (699,5 sosls laie 4 ailflas
Xad ,PHABSIM

pr by (SAgyuad o5 (gjlwand 9 Jodi

: PHABSIM ! 33!

a8 ) R iluand jslaie 4 Bod ol 5o
e 58 (BB Joe (n fte Olore & HABTAM

100
St2 90
20
70 2,
- 1
60 3
so &
9
40
0 4
20
10
0
100
......
St4 a0
80
70
s 3
3
w0 9
20
10
1 [ 1 10 00

oWl o] F 50 oxbaw jo j Y (guso &ld 510405 Y Sl

Fig. 3- Subsoil layer grain size distribution at 4 study stations.

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad



$0F 5o 5 Mo Gl sl bl o a5 >
Sllug dy o0 09> Jlase JiSlas 4 e ls ()l cean
Doz i ) (K Gl Slesd 4 a3l
Bl Gl 2l Jsad )0 byz Slpds (l381 L &S
o0 Rl i ol o8 Jgab 5o ol Grals' L 5 (0 JSE)

(Ba Jss) wb

H/Hma

aJiw) L;’T » J}.@B 3 4\5509) Gof d o JJ»)LM C"L"
LY ol o] oS el 51 5 S T o5 g (F
Ot shlo ailsog; OlogS Joma 0 6518 s

(E D US)ail o o] oS b 0 ae by
S99 mie Sl atld (S Ges 4 20 S

'(a)tsz PRIV @Tpf Jogad yo Wl Coliws! jo Gos g polie -F S
Fig. 4- Dimensionless depth values at the study stations in the dry season (b) and the wet season (a).

Sl (ol 13 ()l 3 9 (0) 2 o Jouad 10 Gas &1 (P & Conmnd polio —0 S
Fig. 5- Width-to-depth ratio values in dry (b) and wet (a) seasons across study stations

Gl b sams olid oK sl o (e
S3leiee s Lulpd Sl adgern oolgls (slag Y
Coror Gl psli 55,0 b I aiiie 045 oK)
Slee a4 (HSO) ollins; conls sla sizwi o Slgl,8)
5 el Cawds « PHABSIM o 51 Jol al> o (> ,5
6‘.@9)51 Coro> Lg‘)‘f ‘Sﬁaliwu) “"9“4’“ L5L‘°°).l‘. Y Jim
e s Gl S iBos 4 by e g o0lyls

s Gl 00 00)5] s
oals HLas WUA 1 e ps vy o polie 30 A ST o
BURVESRIA N WY /A N IRV A RIS S PRI R W
Collae wilgils b slag )Y slp f (2l sLaS

Sl el ol 4

oolgils slag,¥ Gl - Sloy (Slold wlpess & JSs
alllas 590 (slo oltusl 4l 5 aps oo (LS T Sdgas
g adly als Jlo oy b ole jo badgenw Jlgl)
ol g, Y ol saalin LB aiaul ole yo Jlgl 8 J8las
@l Gl eSe e Jlis @ e Jad o olgils
slrg,Y Jlglyd aims o aslol Lol Jad b ogs ol
Iy slate lagslc ¥ LY slaolKins] jo oolgls
rolgzr S sloigles ouS WSaie a5 w0 ol
ol oyl azgs LB aiSS ol oo axdllas 3590 05b 50 Loy
08y sliws, (Sooy 0 &y Dlass 35 e ol jo aS
ean o] jo 5 Jlade iSTas jo Jlgl 3 () oKl

el 00y Sl PBlas s (F o))

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

Oa-



O g (pga3 (sgmge

Transformed simulid
frequency (In N)

9
8
7
6
5
4 /N
3 “\\/
2
1 _— = T _—
0
sls 5 ouT 5T Ldw| sls 5 S sls e BT
VE VLY
\ Y Y ¥

o el 55 delgonms oI5l sUg ¥ Solyd Sy il -5 S

Fig. 6 — Mean changes in the abundance of larvae from the Simulidae family at the study stations.
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Table 2. Pearson correlation between Simulidae larval abundance and simulated WUA (weighted usable area) in Cheshme-Kileh
River
Frequency WUA(velocity) WUA(Depth) WUA(Channel Index)
r-values -0.73 -0.61 0.78
p-value (2tailed) 0.029 0.031 0.011

Morin wiss oo gz |y 4l 5 e VY G +/9 sg00
Laurentian 4509, (g9, » Bui>0 b 5 et al. (1986)
oS Gl adgenw slag)¥ wiz e a8 wols las
Ol sloce pw 0 Aty oo (970 (Jy wied 0 T S
WUA S35 slagSl 1A g ansl ails 0g2g YU L

adls e
alS daiz alBog, o badsers (Gee L bLS) o
e 1) a3 1y osllan el ols 55T
bl ol WUA os ]38l L g aisls olais] og>
o S 5l 7S 5me b olan Colis oy o a2z o
VB Sl e e sl il s Yl e
(dos oS bl )l olo i5u 0 a8 cul o1 5l S
drs LB e g e oplle ol Coli
AL N ) Ges i Gl L aes flas el
Lylys g col YN0 ovgazme [0 Cansllas e
L owilo oo 8L wsllas odlgils cpl slag,¥ (gly oK)
WUA o axg JB cél ) b /1 5] Geae ias ol
slol a5 sas o las zals ol g 05d oo samlive
g 2elsds Calhe ol ; @isS (nl ln Gree o
aS 020 oo sl 95w HABTAM o odal w595
2830 gz 1) bwgie Glages wgerw slo aisS
Jbesl Gleel cpl jo 1) adaw o is 9 (o /A G +/Y)
¢ GoenS ool a5 ol 8gmg il cpl anle o
S @l Dl g G5easT e Ol Bl ¢ islio
Gaos 0> 5l s glaos] jo a5 S o wnls eal
seals aile dalse Jdo 4 oSy coaS ol (S

ol slo By, g lojed jo (xnb job 4 baadgen
S cwl ol Wl a3ls (Shy Wb oezs ol
Wy 53 485 WS oo DUl (S5l ) ale e
@oled 5o 58 olnl o it o5 Gl > sl Ce
(Mousavi-&igd s <8l SbwnsS sl o5 g o aoii
LI Nadushan et al., 2010; Docile et al., 2015)

& a8l g o cloal o LT LS aiee) o Sl
sg)Y o) sl pove Jdow jocwl sgaome
WUA jlade o pien @S doie ailsog, 10 ddgonw
oaseien < 1O -/ 0g0> (V/V_max) o 90 Cae pun 50
i Ly elin ol s cols Ll cl 53 50y S
o3b o i) slhe Colus do)o 5 i, 1YY
0oy VY VA e s 4l s o0 VYV B o /0 Gy (6l
a3 oo (i Egoge (pl (A JSE) Wile S ol &g
x5 ) besie 0l kil cadsens slag)¥ oS
[FYCEOTSINPIE T I =1 SO PR €L LI BN GUIPL SPRCT-X ys
o= 0 Homne et al. (1992) wlagss .auS oal,8
Pl s 5o badsars Colle glo cs
s VB NAG Cepn jo o aigs el aS olo lis
w0 (oo polaiSl 33 a1y Slol B VL 4l )0 @y
Sy b Sl sgm 4 1) a8 Sy L sleol Lol
sla gl bsle b 50 aSh sk a0 S5 SV
b Co o b (295u |) 095 (aUsS (loj Do )0 yim e
HE 5l asl p e « /A0 — /A 00gae 10 b > awgie

S sl (b b 45 (S e izes bl (0

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

Ay



5 ol SRl G 6l ol e b S
Ol lag )Y 5l (6 iy slaws by S mhas (yo]331 L 1A

RN VT PR W R VOUWE S
5% odddsenn lag ¥ Jlgl 3 sla osls 5l Gudos (nl 5o
polae i liel Cye llize oKl 5 ole
5 o5 oolil (g (Sia G5a5l Gk 5 WUA
e 75,5 5 Sl sl ools le (558 (Stnan SO
s Jas wilos ) rw Galixe (e b odnlin
e o bl LT 4] e 1y (S5 e ol
Dl 352y ol Colus 5 (L3S Slold G
3045 5H9b A wiiis Sglaie gl o led (oriw Lol
Al odslin b bl 5 Ser Ol & p
o,l ,o Ll (Fischer et al., 2012; Pinna et al., 2024)
4o (Nuhfer and Baker, 2004; Hoffman, 2015) aud

oanlie (5l Slalae 51 (4
Slapis (S 3 e (o0 plis Sl cnl &l
VTR P PV N ENGRT SR
Slaedsl ) Loy S8 s gloas,s (o el
ol Sy 2 sle vsye jo Ll el
(Putetal., 5,)l6 3529 o510 sl Comox JS25 (6l

2017)

S 35 4ol
3 eiBu (il and pinaw S lgie 4 PHABSIM
L w.?-‘o]) 6‘).» ‘) OOJS.MS é.l?u s_;9>)l> g_i:
4 by Blae @is 3 IS g, bl 53905,00055
095° e85 4 a8 sla (5l nl LIB o1y Ly o e
HABTAM Jow ot oyl 100557 o (23l Sb >
@bl bl p 1) eSle g Slogzge Dl
B o g (o Dogar e £55 5 Gee ey wiile
Sllog Culys jo woged asie HSC sl s

slo ol sbml s Somb O5S) gobaw g 3985
comb sl by e cnlply b els (ol S
» b slapl 2z e ol g5lesl 5 cblis
Gl iSlas gl « <AL </ 0 an o Glesl aals
Sr9r0 lin o) 4y adgans lag,Y pu s
Gof 3o ol o Flinta S> o5 dilsog, 0 04 anlgs>
ol 5 000,5 G5155 e 110 Wadsass sl ez 5
oslas a> jo lizxen JSlgl3 +/F Gas U aS 0l oolo

(Szalkiewicz et al., 2022) sl 1 3
Aotz &lsog; )0 e JlSle g gan Al L bLS ) o
Ol plad 11581 D50 iol3l L WUA - wsyo als
D50/(D50)max o wellae s ) colie a5 & g0
OFomb A e s E900 ZANA sgu> 5| = 0.5
ol e, D30/(DSO)max = 0.6 ,5  ZVVIY e
ol ¢ S5 s Olge &S ams (oo GLaS 4yl halS
Ol Sl o osgaze j0 028 oo oS |, el
YA osgaze ;o (WUA) Callas oS ) colis ¢ i
D50/(D50)max = 0.9 3 «ules ;o 5 wile coli VAL
4 VAR s> U azg BB Il (S
ol Sk &g,y opl o ssalive D50/(D50)max = 1.0
SUTIUEIN IR NS T Tt SO
ool d oadsern slag)¥ sl |y ol Ll 0
Sao5 U3 Sl STy slagS ol 008
b 25 O3 3l 0I5 L 5 (8 JS8) o 4
badsers Slil2 0 GaSednr o5 (YUS2)
&S Cawl ools lis liie plu Oldllas 095,55 asiie
, riffle 3 S slo oKt cadgann slo 43S ST
Sladlao C—’l*’ .(Figueir6 et al., 2012) acas Yo
ailzag, 4o ol lis 5 Lo'pez-Pen™a ef al., (2020)
odpdigy duslo g oy « S b LI G505, s a5 slo
YL sl Slglyd g conl ol y o gow 405 Sl 00y
oaeie Lo'pez-Pen"a gbou 0 s o olid |
gl Sgers sla aigS ST slag)Y gl 45 WS

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

Ba¥



O g (pga3 (sgmge

Oldy Glgee Joe (i )liel b Coles jo aigd oo
61).1 |) 4.1..5 M 43[505) )\) Olia.»u.') wl.u
als 1,3 eolaiwl 0,50 (55 el Sloiiy slopinnw
6L¢=L§lf>oj) 50 odﬂjw GL{bj)y Cozo> LS‘)'.’ WUA

oKins loliss b iman o )ls 0429 5 ;550 alie

@ b o og,F ohg 5 QLS bwgt (e sle
w0 gos 00lgils (slag )Y alez 51 SCdg 0 sl il by
G olsn 9 S5 1, g)loy o sl olsn Ol e
gl Cosgame a5 0, Jw i ol 65 4 ) g5kl
ax )0 5 ogh a8 S by ali; slo onglhs
a5 055 8 S e glogeds 4 0l > (e adlge

elmile ool o 35 gelg> Giali8l g g5l

S 5l Fwlps
Slo SaS paed g ol loslusl gaas pl plol o

Sl ooz cdl o

References

Abbaspur, R., Hedayatifard, M., Mesgaran, K. J., &
Toosi, A. (2012). The Study of Effects of Pollution
on Macroinvertebrates Populations of Cheshmekile
River of Tonekabon Based on Biological Indicators.
Journal of Animal Biology 4(4), 55-68.

Denis-Roy, L., Ling, S. D., Fraser, K. M., & Edgar,
G. J. (2020). Relationships between invertebrate
benthos, environmental drivers and pollutants at a
subcontinental scale. Marine Pollution Bulletin, 157,
111316. https://doi.org/10.1016/j.marpolbul.
2020.111316

Docile, T. N., Figueird, R., Gil-Azevedo, L. H., &
Nessimian, J. L. (2015). Water pollution and
distribution of the black fly (Diptera: Simuliidae) in
the Atlantic Forest, Brazil. Revista de biologia
tropical, 63(3), 683-693.

Fischer, J., Paukert, C., & Daniels, M. (2012). Fish
community response to habitat alteration: Impacts of
sand dredging in the Kansas River. Transactions of
the American Fisheries Society, 141(6), 1532-1544.
https://doi.org/10.1080/00028487.2012.703156

Figueird, R., Gil-Azevedo, L. H., Maia-Herzog, M.,

Collas sla olfins ) » Sy 0ue slo adlge 50 anlllas

HSC 5l

wl...a 9 MKS‘ kﬁ"’& Oy @olj d.Ia)‘) & OM\)QLMJ

5 LS deis albog, oolgls slag,Y

o 5 ol Wdgorn slag )Y (gl oy o
Slger log)¥ 251 6l p by Ce Sl
o, 1Y e Lo a lawgie glo Ce s j0 a5 0l asiie
ol slagY lp ailbog; s (A8 lad
S WUA G5V 0yl il CollB 5 sllas wslgls
Las Coeal a5 wwl cdsliv b e 5l sols 0oga0me
obpl o 5l Colox (sl 1y ane bz kil
Sy oY Ganails 15U (o) 50 WIS (o0 Az
a2 e WS patie ddsens slag)Y ol sl
oy Clae a8l i ganails Lawgie jlad (e
5 b LT 10 b e Gl badsers gl canlio
Sy saiasy) slagiin Wl e B ol @b
5 wlei ol Of gl Copoe 5 (3 ldipg Slalllas
Gy el Gbollin; o5 05l Jolb> Glosbl

Lis> lole sely> cules ;o 9 0b3aS plo daddgern

&be

& Monteiro, R. F. (2012). Diversity and
microdistribution of black fly (Diptera: Simuliidae)
assemblages in the tropical savanna streams of the
Brazilian cerrado. Memorias do Instituto Oswaldo
Cruz, 107, 362-369. https://doi.org/10.1590/S0074-
02762012000300011

Fu, Q., Wang, J., Sun, D., Chi, J., Fan, W., Li, Y., ...
& Chen, L. (2025). Environmental heterogeneity
drives the spatial distribution of macrobenthos in the
Yellow River Delta wetland. Aquatic Sciences,
87(2), 1-16. https://doi.org/10.1007/s00027-025-
01172-4

Ghorbanzadeh Zaferani, S. G., Machinchian Moradi,
A., Mousavi Nadushan, R., Sari, A. R., & Fatemi, S.
M. R. (2017). Spatial and temporal patterns of
benthic macrofauna in Gorgan Bay, south Caspian
Sea, Iran. Iranian Journal of Fisheries Sciences,
16(1), 274-252.  http://aquaticcommons.org/id/
eprint/23068, 18721, 2018-06-15

GhiyasAbadi, M., Mousavi Nadushan, R., Fatemi,
M. R, & Jozi, S. A. (2014). Assessment of Gahar
Lake trophic status using TLI index. Journal of
Marine Science and Technology Research, 8(4), 75—

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

AR



88.

Hoffman, J. C., Kelly, J. R., Peterson, G. S., &
Cotter, A. M. (2015). Landscape-scale food webs of
fish nursery habitat along a river-coast mixing zone.
Estuaries and  coasts, 38(4), 1335-1349.
https://doi.org/10.1007/s12237-014-9880-8

Horne, P. A., Bennison, G., & Davis, J. (1992). The
water velocity preferences of Austrosimulium
furiosum and Simulium ornatipes (Diptera:
Simuliidae) larvae, and the implications for micro-
habitat partitioning. Hydrobiologia, 230(1), 31-36.
https://doi.org/10.1007/BF00015112

Kosari, S., Mousavi Nadushan, R., Faremi, R., Ejlali
Khanghah, K., & Mashinchian, A. (2021).
Macrobenthos as bioindicator of ecological status in
the Yekshabe creek-estuary, Persian Gulf. Iranian
Journal of Fisheries Sciences, 20(2). https://doi.org/
10.22092/1jf5.2021.123874

Lopez-Pefia, D., Garcia-Roger, E. M., & Jiménez-

Peydr6, R. (2020). Pre-imaginal black fly
assemblages in streams of Eastern Spain:
environmental and  substrate  requirements.

Hydrobiologia, 847(6), 1521-1538. https://doi.org/
10.1007/s10750-020-04206-0

McCafferty, W.P. (1981). Aquatic Entomology,
Jones & Bartlett Publishers, Boston.

Majdzadeh Tabatabai, M. R., Mousavi Nadushan,
R., & Hashemi, S. (2017). Impact of
hydrogeomorphic processes on ecological functions
of brown trout habits. International Journal of
Environmental Science and Technology, 14(8),
1757-1770. https://doi.org/10.1007/s13762-017-
1281-7

Merritt, RW. & Cummins, K.W. (1996). An
Introduction to the Aquatic Insects of North America
(3rd edition), Kendell/Hunt Publishing Company,
Iowa.

Morin, A., Harper, P. P., & Peters, R. H. (1986).
Microhabitat—preference curves of blackfly larvae
(Diptera: Simuliidae): a comparison of three
estimation methods. Canadian Journal of Fisheries
and Aquatic Sciences, 43(6), 1235-1241.
https://doi.org/10.1139/f86-153

Mousavi Nadushan, R., & Ramezani, M. (2011).
Bioassessment of Kordan Stream (Iran) water
quality using macro-zoobenthos indices.
International Journal of Biology, 3(2), 127-134.
http://www.ccsenet.org/journal/index.php/ijb/article
/view/8721/7259

Nadushan, R. M., & Fatemi, S. M. (2008). Trophic
status and primary production in Lake Choghakhor,
Chaharmahal-Bakhtiyari Province, Islamic Republic
of Iran. Pakistan Journal of Biological Sciences:
PIBS, 11(4), 577-582. https://doi.org/10.3923/
pjbs.2008.577.582

Nadushan, R. M., Emadi, H., Fatemi, M. R., &
Samanpajuh, M. (2010). Assessment of the
ecological status of the shallow Lake Neor (Iran)
using a macroinvertebrate community structure.

WIT Transactions on Ecology and the Environment,
135, 169-177. https://doi.org/10.2495/wp100151

Nuhfer, A. J., & Baker, E. A. (2004). A long-term
field test of habitat changes predicted by PHABSIM
in relation to brook trout population dynamics during
controlled flow reduction experiments. Michigan
Department of Natural Resources, Fisheries
Division.

Ozbek, M., Tasdemir, A., Yildiz, S., Topkara, E. T.,
& Cil, E. A. (2025). Diversity and spatio-temporal
distribution ~ of  benthic = macroinvertebrate
communities in a transboundary river basin in the
Caucasus region (Aras river, NE Tirkiye). BMC
Ecology and Evolution, 25(1), 77. https://doi.org/
10.1186/s12862-025-02428-1

Pinna, B., Laini, A., Negro, G., Burgazzi, G., Viaroli,
P., & Vezza, P. (2024). Physical habitat modeling for
river macroinvertebrate communities. Journal of
Environmental =~ Management, 358, 120919.
https://doi.org/10.1016/j.jenviman.2024.120919

Put, W., & Pasture, P. (2017). Don* t throw out the
baby (PHABSIM) with the bathwater: Bringing
scientific credibility to use of hydraulic habitat
models, specifically PHABSIM. Future of Salmon in
the Face of Change, 146, 493-560. https://doi.org/
10.1080/03632415.2017.1394126

Setyobudiarso, H., & Yuwono, E. (2018). Analysis
of biodiversity and quality of Metro River in Malang
City (plankton and bentos bioindicator study). J. Sci.
Appl. Eng, 1(1), 1-19. https://doi.org/10.31328/
jsae.v1il.549

Szalkiewicz, E., Kaluza, T., & Grygoruk, M. (2022).
Detailed analysis of habitat suitability curves for
macroinvertebrates and functional feeding groups.
Scientific Reports, 12(1), 10757. https://doi.org/
10.1038/s41598-022-15096-8

Taban, P., Abdoli, A., Khorasani, N., & Aazami, J.
(2018). Biodiversity study and the effect of some
environmental  factors on  distribution of

macrobenthos in Jajrood and Karaj Rivers. Journal
of Animal Environment, 10(4), 477-488.

Tavol Koteri, M., Fatemi, M. R., Mousavi Nadushan,
R., & Khoda Bakhshi, M. (2019). First record of Nais
elinguis Miiller, 1773 (Annelida: Oligochaeta:
Naididae), Spatio-temporal patterns of its population
density and biomass production along two estuaries in
the South Caspian Sea, Mazandaran Province, Iran.
Iranian Journal of Fisheries Sciences, 18(4), 996-
1013. https://doi.org/10.22092/ijfs.2019.119157

Vahidi, F., Fatemi, S. M. R., Danehkar, A.,
Mashinchian, A., & Musavi Nadushan, R. (2020).
Benthic macrofaunal dispersion within different
mangrove habitats in Hara Biosphere Reserve,

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

04



O g (pga3 (sgmge

Persian Gulf. International Journal of Environmental
Science and Technology, 17(3), 1295-1306.
https://doi.org/10.1007/s13762-019-02469-2

Vahidi, F., Fatemi, S. M. R., Danehkar, A.,
Mashinchian Moradi, A., & Mousavi Nadushan, R.
(2021). Patterns of mollusks (Bivalvia and
Gastropoda) distribution in three different zones of
Harra Biosphere Reserve, the Persian Gulf, Iran.
Iranian Journal of Fisheries Sciences, 20(5), 1336-
1353. https://doi.org/10.22092/ijfs.2021.124955

Vagenas G., Theodoropoulos C., Moutaouakil S.,
Benaissa H., Fendane Y., El Rharras A., Oikonomou
A., Stoumboudi MT., Dimitriou E., Ghamizi M.,
Stamou A, (2023) Ecohydraulics-based
environmental flow assessment in two arid North
African rivers. Science of The Total Environment,
1(954) 176373. https://doi.org/10.1016/j.scitotenv.
2024.176373.

Vineetha, G., Kripa, V., Karati, K. K., Rehitha, T.
V., Vishal, C. R., Vineetha, V., & Manu, M. (2020).
Impact of a catastrophic flood on the heavy metal
pollution status and the concurrent responses of the
bentho-pelagic community in a tropical monsoonal
estuary. Marine Pollution Bulletin, 155, 111191.
https://doi.org/10.1016/j.marpolbul.2020.111191

Weng, X., Jiang, C., Yuan, M., Zhang, M., Zeng, T.,
& Jin, C. (2021). An ecologically dispatch strategy
using environmental flows for a cascade multi-sluice

system: A case study of the Yongjiang River Basin,
China. Ecological Indicators, 121, 107053.
https://doi.org/10.1016/j.ecolind.2020.107053

Wolman, M.G. (1954) A method of sampling coarse
river-bed material. Transactions of the American
Geophysical Union 35: 951-956. https://doi.org/
10.1029/TR0351006p00951

Yazdandoost, F., Moradian, S. and Izadi, A., (2020)
Evaluation of water sustainability under a changing
climate in Zarrineh River Basin, Iran. Water
Resources Management, 34(15), 4831-4846.
https://doi.org/10.1007/s11269-020-02693-3

Zhang, Q., Han, L., Jia, J., Song, L. and Wang, J.,
(2016) Management of drought risk under global
warming. Theoretical and applied climatology, 125,
187-196. https://doi.org/10.1007/s00704-015-1503-1

Zhang, J., Li, S., & Jiang, C. (2020). Effects of land
use on water quality in a River Basin (Daning) of the
Three Gorges Reservoir Area, China: Watershed
versus riparian zone. Ecological Indicators, 113,
106226. https://doi.org/10.1016/j.watres.2021.117309

A

W

AT Y
B

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

oAy



This page is intentionally
left blank.

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad
0aA



