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Insecta Ephemeroptera Baetidae Baetis f
Centroptilum
Caenidae Caenis \
Brachycercus

Heptagenidae Heptagenia Ve

Cinygma
Siphlonuridae Ameletus Ve
Oligoneuriidae Isonychia Ve
Ephemerellidae Ephemerlla )
Tricorythidae Tricorythodes v
Trichoptera Hydropsychidae  Hydropsyche 0
Uenoidae Neothremma 7
Glossosomatidae  Glossosoma \f
Leptoceridae Nectopsyche )

Mystacides

Ceraclea
Hydroptilidae Hydroptila 7
Brachycentridae Micrasema Ve
Helicopsychidae  Helicopsyche A
Rhyacophilidae  Rhyacophila v
Plecoptera Capnidae Paracapnia )
Perlidae Calineuria N
Chloroperlidae Trizka Ve
Taeniopterygidae  Taenionema Ve
Nemouridae Zopada \
Perlodidae Arcynopteryx Ve

Kogotus
Diptera Chironomidae Y
Simuliidae simulium o
Empididae Hemerodromia 0
Tipulidae Dicranota o

limonia
Ceratopogonidae Bezzia o
Stratiomyidae  Caloparyphus ¥
Blephariceridae  Bibliocephala Ve
Athericidae Atherix Ve
Coleoptera Elmidae Celeptermis o
Dytiscidae Laccophilus o
Amphizoidae Amphizoa o
Scirtidae Scirtes o
Gyrinidae Gyrinus 6
Hemiptera Mesoveliidae Mesovelia o
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Odonata Aeshnidae Aeshnsa A
Arachnida Acari Lebertiidae Lebertia f
Torrenticolidae  Torrenticola £
Aturidae Aturus f
Gastropoda Basommatophora  Planorbidae Planorbula Y
Ancylidae Ferrissia A
Physidae Physa Y
Oligochaeta Lumbriculida Lumbriculidae ~ Lubriculus \
Tubificida Naididae Chaetogaster \

ool s ol i 8 il @y amgs b g s 3
3 g, ol caS () Jguz) BMWP a5l
I3 o (L g o (S dib o ol ol
Ol L T ollimal (oS (b)) 4S5 9k 0 w285
S oS Ay jeed BMWP azls 6l 4-/VF
035l ;2 ¥ 5 ) loelinyl sl g axd )5 )18 L5
et a8 55 Y ol ] Ul hS i 5gs
> s Lagie 393 00b 3,51, FFIY 51 BMWP
s s aS il gadge oyl saias yLid 5 ool
Ol gy Sl 485 185U o lawgie
BBl 525 oy 2 090 Shple ;o BMWP a2ls
s o bl ol (Fra=YIVY P<e]o0) s oine
o o 1 (60 5 31 D) syl diges ol anle

Ol Ol (p eSS jsb 4 as o plis ale ple

3,50 sl oKiws! o BMWP ozl ol s

Sy bl el oal ools Lis ) USS jo adlae
= Sy 3l e all (5,10 1 digas wlul o0l
o ez 50 JLS 99,05 alsog; 4o 3l OB e
Fre =V P<-1-0) s ls gro IS Slalllas
plw s YV oKl uo BMWP a3l i polae jo
ol kel Slee (bl e so ylis 1y eolSis|
o=l Ol i ¢ Sllllae slaolKns! o a3l
Y olKias! jo ol Jlake o pieS 9 ) oSl yo el
508 sla ol jo Ladls cpl Ol b 8,60
Slas 1y sl sima s lel glis g 09y eSS Lo i
130 BMWP ozl polie o bl opl 5 ol plo olas

Voo LA aso bogame 0 F g Vo) sle oSy



G5 (il (Sagll b sleal o505 50 151 e
@ lize slgale ;0 ASPT aslis 5939 cpl b ools
slas olias 1y gyl e gl (gl S0l
Oliee a5 (elodls ;) (610 diges piiids olo o aLs
359l O/ Y e a ole ,3T o T o jiaS g FIVA
ol ol Olss &gy LS ek 4 (F JSC2) al
960 (LT slaale jo alssg, Ol S jasls
S dieb ;o Ol ale plo o 5 St olo (yage

Y CR JE: I OON

FFA axis ... LS 0g s ailBog, o

g1 (S Comdg ol

@ oloainl jo ol o yiin 9 OF/0 Jlade b ole )3T 4o
AV IS ol ISV F0 e
ASPT &l s g, ol coalie a5 digS yles
Sgm (5, e gl gl)lo ke sla oSyl jo
Ol oy S a8 ek 4 (FY VY=V /2 P<-/-0)
(7 JSo) o awle ¥ o] slp asls o
olliws! ;o ASPT azlis avule | Jol> s
5 e Al 515 o s allan s 50
ShIs ¥ o ¥ lasfiwl Ol ¥ o leis Jgo> Gubo
5 ) lollinl as b o adl oo (Seine coiS
ol 51 #N e g #18% ASPT jaslo L e an Y

L:_wj) )9[7;9 oli».w‘ LJL> &)J‘ LJ dud}: M")‘Qﬂ’ ng.w

1 ! T

Sy

T o1y £ LSyt

axlllao 3 )90 GUrolKiuns! 3o BMWP s Ls &y ) JSCib



FOs axao 1YAD Luusl ¥ o )lols £ 090 ¢yl ol (o2 @olio ¢ b s ) oo

o
v o
#io E

3
Yo
il é ﬁ
B v |
m
a- -
\CE l
v v T T — — - T —
o4l 25 g el iRl Se3perd Culgessyl SR Hairded

Glop aigei salo ;o BMWP a5 Ui Ol juss Y JSCS

oul 531 e e ikl 22,008 Calgesny) Sy et

6319 digod sLdlo 55 ASPT Lol ol puuii F JSCi



LS 39 S dilS0g ) oS | (S Cardg Judd

fO) axio ...

d o d

LRI

3w
B 0O =
R e )

T .

m@mmmmﬁﬁmﬁm@@
T

W5 S

S

[ S
o e

L“Lmﬁﬁmﬁmﬁﬁwﬁmﬁﬁ

i i,

A R R
il
,‘\lhm§ﬁmmﬁm@ﬁmﬁmﬁﬁwmmﬁﬁ
‘oo B
ﬁ}\_ﬁwmmﬁmﬁﬁmﬁmﬁﬁmﬁmﬁﬁ
1 o
P e
‘00

o 3 ¢ O o 2

) P A

B e Y T T =]
[SIe}

e

<5

el Ol s O S

PN

P aacans

1 (D) &

Gl ol

4444

ﬂHﬁlI-ml-ln-lﬂ
R
-m_mll-ml-.n-u
[ ferssia e

P =i e s |

i S B

PR iR e e

e R

m%hiﬁ.l-ml-ln-lﬂ

e o T
e —te T e e

R

TR
e B

ol R TR

H-E—mﬂ-nnunﬁ

e R

W o ey v 08 W st oy ©
- e oS S o

e 6 e O

PN

Gl ol yug - gild (plh Ol i £ S

0L oSl uilly U 51 Jol> ol

L5L°°L§""‘“"‘ Oy ‘) Lg)‘é e ) LESN(D)) 8} aa

Y K ‘ O |) (5)“) e P g.:jLna oK | » u?’L"‘"

(Fegy= NP>+ 0) ol o)lzs Slallas

.(ijya:a/fVcP<‘/’a) als QLM..I l_{bol.i._mﬂ )JLA.A-' 9

Ol 4 ¥ oBsl ol el azls ol o eSS

4_3509) L P VEN le_bolia_w‘ B 00—l Sy

Ol an Y os! sl o) liwe oy yiiin 9 +/AY

20,5 Sl aoMs & jgo 0 F Jaaz 0 LS8y

s Sl 5l Lol gl el casay 110



FOY axio 1WA lwsl ¥ o)lols £ 090 oyl ! (srd @olo ((ormd s ) o

(loro Bl il £ (11 Silo) Sl grolSus | ;o Soros LS Lu sbasiw-Y Jguo

£yl ol p g 0SKtan)] pgd olSius] Jol oK)
Y + Y/A t5 £ o/Y Yo + o/Y Js sle
/vy + ¥/¥Y 3/\& + y/ay SI¥ £ Yy a/85 + 1/ EPT s
Jox ey Ay £ /Y JYEE /Y <Ay +y/av EPT/CHIR
Aiold ol il od2lie JoB 358 Jouz 1 aS jshiles

O3y Sre Ul g 5l Jol s

2 2l 5058 slaygiSl g S el
5 S gl ol el o @10 6)lets Jgaz
ASPT 3 BMWP Lo jasli o cote  Siunran
A3k (o0 wds> (ol 50 S Ol (alh (rioen
3 aS jehiles 0 S o anl ) Soes mls as

a0 b gels asls caulodd sols lis & Jgu

’/’a) o L; N3 ola s L)‘)"’Q 9 g.j g.:)‘).’>
35 BMWP a5 Li a5 conl Jb> o cpl g 0, (p<
e (S Slawd g Ol ol Ol > a0 b

o slad ]y gl

29xe) pgs ol )3 EPT (slie 5 JS b 0 eS
EPT slaciner Cond (nizpen ol Coay (L
25 4 pg0 o] )3 oaragiy el 0olgils Loz &
sl a8l ialS glalisde L5
e 099 Vb o) (e 5 p)lez ol o
1S ags 5 Js oS5l 5 EPT/CHIR s S
ol b5 28 Loyl GJLJ }-.ch—ﬂ
(PH) anoul la el )l jo o e glés 5929
(BC) S8 Cylaa (TDS) Jslowo laal> JS
(02) &1 10 Jsla oyt (NO3Y) &l 5w yq08
21, (CaCO3) el wlu)S 3 PO4T) wlad
(F Jsoz) ol o s aalllas 550 (slgalSiny|
5 SLigal o yid o)l a0 lapielb (ruizmon

ul_,.w ‘) (_g)LD (xR g_:jlm cliw...:‘ U"‘ BN s_:—‘ r°9—°9*°—‘



FOY axis ... )LS0g s ailB0g, o

g1 (S Comdg ol

hlisn slplo 50 axdllao 3 g0 (S0l O (o lbrondd 55 58 (5o yinlyly (jlze GBIyl & (52Silia) bansgio o 0lie-F Jouior

Y o Kot ¥ ol ¥ oK P o F P
pH AAERIAN VIYY - ya® ERs Fae & o)A \#I85 [+
&)l a3 (°C) NS & VYAV F£8° VPlep £ YIVT VEVY £ F/AQ° VIAY AN
TDS (ppm) YAY £ QA VAIAY £ FAFY | VAUEE £ A8 [ vavas £ YAy’ | vyed [+
EC (uS) FOUAA £ Y-/FYY [ YOVAY £ AFYE [ YRUVY £0a0Y | FYYNS £ FE° | YY/A [+
@938 (FTU) YIVY + var? NN ER e 5100 + o/Fa™® o+ #1vab YIYO [+
0, (mg/l) AAA £ 51va? 58 £ £1va® VIY + 5/va° SIA £ #IVA® ARi [+
NO, [N £ f® SRR e EREICRL A VR & RV “Iva N
NO;” VAT £ ! VIFA + - /F2° VEE + - 5fP B ERI NS [+
PO, SNEE ) E0 SAY £ o) RS et e f $I0A )
NH; Y SR NIEXIS NATE R NILE LY V/04 YN
NH," IREXAA NIEXIS AR SR % VoY YN
CaCO; VAVIO £ Y5152 | VFEYA £ Y [ harsy £ Yo ny? | YaTeY £ Yo/Are Uy~ [+
oo 955 540 (5l ygiS L g £ 955 Sl aS L (s 5 LB ASLE (o 9wy (St 3BT 0 05led Jgur
a0
pH | TDS | EC <8 | NO, | NOy | PO,” | NH; | NH,™ | CaCO; “’ O, | ASPT | BMWP | o9l
=,
TDS | —-/¥¥**
EC B As s YAV
PRI YN 4 =¥V | -/t
NO, /.Y =/ =/ EAN
NO; | =/ | o™ | o™ | vy | ey
POy~ | —+/-¥ ees | el BN 7 YA A N VAN ¢
NH; /A ¥ ooy oA Ay NAYS -/
NH," | —+/-A oy /ey .[a Y Y —ofeq | o/aa*
CaCO; | —+/\Y N7 S RIS NA YL 4 S L S /S R B W N A 2 T YN
I R A Al IRV VR BVl BV BVl Yl IO
>
0, —+/YA SJEYT | N | YR | ey | Y Al AT Y| DA —[5¥*
ASPT AN NAtd -IYY - /Y0 AN «/YA N —-/\¥ —/\¥ Ay -IYY <I\Y
BMWP | -/-¥ A -Iv A AT A A M YA o S YA 74 -Ivs of+\ NS YA 2 EVIY,
ols /A NAN Y [ 8% /¥y SEYE | LIy -IyY [y Niaal -I¥A NS YL
KEPWE BVA /N —J¥YT | =eva | s At YL AW YA AN YL o i RV 7 N IRVAR oY | YA s | ™ | L EAT

F= o gaw )b re (Stased

FE= LN o ) )b ire (Stsen




FOF axano \WAD (HLwsl oV o,lols #Q 0590 (ol | (b ol ¢ 2 S ) buxo

o5 (@Yl L g9 5l 3l Sl i addllas ()]
aS wS o ole (1996) Williams Jl> ol b wisg
4 Comd EBge 5l el o il Slie gen
il e oS el e

5o eidBe (ase Sy Lulpd Jeod a4z
e 05 ma (izas 5 455 55 4 o3lgils
Ol el anly 00lgils (9,0 50 (98 slo 45T
LS e Sy A 00 ol plans ] glajliel
0dlgils mhaw o sy SloaSls 0 )5 sl o585
S=Bl e $lassS Joo Lawgle polie Yoo
(Armitage et al., 1983)

Lol conds ,S5ts Yo ame Linojs, Sy al,
Caenidae colpl s aw Jlin job ay il
4o aS auly ol 5l Heptageniidae 4 Baetidae
Slogzge jleios 8l ol 4 55yl adlae
Ol oaipled g 005 Ll (ol (gl il yo el
= Sloy93 5 palams (ot Gl plp ) ol
soslgls Lol>  ags o «(Perkin, 1983) ail
l3l8 5 95 5 Lws Holome olia] jo 4,
A4S 9o )Ioye5 K0 el 4y Cuond (55068

oSl o (Fos T Salsdl Sl g oo g0 ol

6,5@433%-*

Sloo S jo b 4 LI (6385 (5 oo 2 S )5
9 QPSS Fos 2le)gilhaslen plee 4
Gyl by (aimms oy (orb Dl pss S8
Sigis e 48 F LS a4y Sl glaclas 5l b
Pearson and Rosenberg, 1978; Perus et al., )
e o Slgld iy ol adlas o (2004
3 oS S 0030 ¥igs st a4y 3lato dgalSiny]
Gl Dl laaiuly 0,585 5 (o Reg it
aS wiad bl ) cpl 5l oolgls cuia il oo
s Simuliidae slacslgls 1) pow o i
e W00l plats] sg 5 aChironimidae
o,lge 5l eolgils i o 039,50 aul, 5l oolgils can
Wl olulis 56 olhlsse JU 5l eolgils e g o
eI S odegig et ol gl o (IS sk
Lgad slooygd plad )0 g 39y 0dls (g p o] oz
ledllas s il wads anllhe bl ¢ sy
el sl sl (A s on b sTUsT
o093 0 )Ll (L3S Cumer oS 5 y0 il Ol

1 o> ,» .(Bass, 1995; Hepp et al., 2010) ol



ol LoaisS o i> lsly5 .5e BMWP asls
ol A Caad Ly, jolzme o] (0 oolgl >
Slsg g ol (SauS ils La Yo ol
ol ol ol Ol yo gdae 5o, JT olge )
sl sl s 1 S polie (slems 5 (o
S 5 50 a4l (0 g ailBog) eS|
Sl g S ae Sz 0 GLHES Cone
e =5sJsl (Rosenberg ef al., 1997) il o
o9, w8 g (Lumbriculidae 5 Naididae)
y9le slo oS!, (Ancylidae ¢ Planorbidae)
Lo aisS ol aidige <l o] s 5l 5 L,
oS Jslows (5o siile delucdls Lyl Jooss & o0
Brinkhurst, ) a_ib o YU La oVl clalé
(1967
slass 56 cos BMWP a5l a5 Sl
A et 55t sbooslsils slass 5 wsl e baoslyils
Cooper and ) ol o 22lS 0 s slale jo (5545
kol o 1 asls ol Jlads 14 (Knight, 1989
ol 4l galS s e b 505,31 L]
2ol kS oas 58 clgale yo el ol el
9 310,% chawgia (1 Jga) 99290 (gh oS (ol

%P&P%IML@(‘”L‘@PS%?)ﬁM

OO o ....)wégﬁ.& 435.53) fomrsict .95| Gﬂ..f Cardg Ja.l:u

@3l pliione lawgs 550 cpl a5 il 009 )55 e
,o .(Merritt and Cummins, 1978) ¢l sals 3
LJle Leoje,S awl, slac BMWP g5licel pivcws
il ol (oo @508 Sily a5 005 Vo 5Ll (sl
Tob 5o OFeST Joo @y 0B oliloge b ail o
LT cisigm by oogll b (slaal 5 5 0355 il
L5 0 oogaze ;o g5kl slhls (o5liel pias [0 30
Payakka and Prommi, 2014; ) a_ib V-
(Perkin, 1983

Sy Jolie (slopunsls )| ldodsgig s
sl St glacomer ol ;o 5 il
= S SlegyS cnl i oe oSt 1) Cle 058
Sl sz Sl |y el Zeo 8 (6385 5 e
3l 03,51 palyd glite Cag b slaailssg, 5 Sl
ol ez ©y08 Lo 4y (Raunio et al., 2011)
S Sl ply 30 585 OB s S35l 095
Lol am (g3l s 55 (G50mST o5 Ll 5 I
=S Lac S8l 5l o a5 0,5 oo 3lai Voo yel
pslie sloashl codle 0Bl oo s () ) 0503
63, 4 3lain slo 00lgils g cuungig s 00lgils wiile
S i) Ced Llwg ) glome o] )0 Lo S 650

GelS g sanl )l p digel Jol e pled jo o o)y,



FOF axio \WAD lwsl ¥ o)kl £ 0590 oyl ! (srd @olo ((ormd s ) o

Sl oKyl )0 ASPT s BMWP ,,0lis yals
J._ALC as Sy 0 )JGJ 4 ] O}W LS.»Aj) )5[7.!.4
(_gL'l_wj) )51_7;9 otfil_wa"‘ O Ogdne u’i».n_w—‘ ‘_A_.o‘
3 e wel> &3 g Jelore (gdse dlge 04,9 00l
S Sow a5 0l 00gm (65,5l ( S slesly
2 SogIl 5l il (Saa il g eyl sloml Jalge
O (58 59 i ge 5 00 Dgmne &l
9 S Gl i pgasy ailBog) pue
ool L3585 Comax oS 5 50 Sludl Gla (g S
o0 b g pglie slo 09,5 (Slgly3 g 0390 s
)9_10 L) uul_m.> LgL.Q °5)—f )LL.Q.A )‘ 9 4:.9'.: w‘)ﬁ‘
el 31 o5 aol> (slo oy 5 isSn 3lolie a5
3 R ezge & Swla ailsg) 50 [y el e
De o0 b3S Olelaix]
o B sl plime (neS pol> Ghagh 5o
30 Ol Oy 9 ¥ olSias] 10 30,0 YO l5e
g Fore a8 5 o550 ,0 a0 F8 ol 40 ¥ oS!
5 S0l Ll 8l L as s )8 ole (V445) ), Sen

azg baboe pmals de ol Jaee  Suas

ped owsl o rex doiw ol Hlade 4 S

= 08 0395 Jlge Jad yo (IS b 4l o)
Siel38l eaisS iST e g azmei 0 sl B e
= Som sl asss slad g Sl cnlnbe il o
Orired w300 0l halS a4 Jled (5585 1 e
Ol ol Gl b o (Sis T gg A L
o S A e e e gy 55 el
lo,g0 jo (—imex Sllwg lls (6545 5 o
e Lulb g (S5 o) 039 (Sloj lisee
Oeizred g (0] (0) Seiols e Ll o il
Lol cnex 59, 2 ol olul Sladl sl
Barnes, ) a_sb ol Jlexs! JoYo 5l asilgie w)l
ol— Hynes (1998) (1987, Hynes, 1998
PGS B e Sop ol L Gl as S e
&5y 2l 5 Ll il 5,5 o )0 it la ol
5 oS3 bl s e IS o 4y ams o
(Ansari et al., 1994) oK) o (S olands
OS5 «(Johnson, 1972) T sly» laie

Sbg—w, 31,3 ojlasl (Brundian, 1951) Jgt=e

Jo—ad o, 55 4 (Grzybkowska, 1989)
750 ging,Sle £95 ¢ Jlgl 3, (Seather, 1962)
el a5

A8 o olis yol> iaghs C—’L'-’ aS jghilen



Sl aigad b okl Jlods ailsog; 50 2b3)]
slooaslis jleslial b g (6585 (B e 5,5 5
L &S aib o1, kT ASPT s BMWP
s el ¢l aiman ol )18 5rad o sl
Niwo ASPT g BMWP (g5l i a5 0l
aied cmlie ST S syl sl s 2l YU
Ui gi— ol (Payakka and Prommi, 2014)
BMWP Lo asls plee (Vb (Snon 5yl
aatl ) ,Siies gl a5 s Lii |, ASPT
RESC
~oglh g5 (arld e 2Ol Ghaghy 5o
L VA odgamme 0 F o ¥ ) oKl ¢lp yos
warld ol gons dink ell a5 ael sy 110
Wilhm ) o_sb o 0051 i s Comdge oaimo ylis
o (| 045 JL> j5 (and Dorris, 1968
o aib 039l layad Sy ;5 ¥ oKl c s
Ot S 9yl g9 et lh 095 e
Sogl ol yo sa b eola_wl g9 5 el i
» & (Borja et al., 2000) o4 ool sl piamsS]
Lewis and Harrel, ) coul ool oSG ()] (gosedgm

(1978; Lenat, 1993; Arimoro et al., 2007

Wil s oo Dol gLl i Lanls ol Wiz e

FOV axao ....)wégﬁ.& 435.53) fomrsict .95| Gﬂ..f Cardg Ja.l:u

ol l (Sogll onims (i (alply 052 eS
Uolse 13U o a5 Y olSiay! pizman iy o
o d (e wBls 13 (arme (615 i
plw & Cons (5,58 EPT sle 55 9 EPT/CHIR
oyl py 0SB aS el lalllae glaolSiny)
(Barbour et al., 1999) sib o Sogll 5 oo
9y = o plosl gy b pol> gy o
oL Sl (5585 155,05 caliho (clgalSi|
2 e a5sS Slasi g eSS eiared g (S
ailBog, CwaVl aalaie 45 00,5 cnalive oK
poe eizred 5 (09 el o o 4 (1 o)
sy ( Sogdl g9 ,a aii o)y g Sludl slo I
il e 0550, sla U1 jasls a5 laassS
Slyize 5 sl & wilygn 5 g5ite 5 fber il
3ol DS o LS89 3 alBsg, as oS
Karr, 1998; Voelker and Renn, ) &l sJlas
Ol Caomw an a0y, Cews YU cwews 512000
Haloe oKl 5o Lo asl el o0 5 eogll o
o by el Jolse 5 (Ss OMb 09, i)
olom! i e (S0 00g0me S 0 AT Dy (5,08
ot S Slelazz] o STy ol el 5 5500

03,5 S G e



FOMN axao \WAD Lol ¥ okl #0590 ¢yl ! (srb @olio (b Conn ) o

Slools!l o o 1y (g)ls (some Dglas 5 005y ¢ /FY
Slolyd syt Shled Wl a5 wlw las Sllas
5 ooal Gy (68 Azl a5 Wil i sladisS
Sgeior DS E9d90 (ed 1 (LS APl
—opP L G (Ko dlaily pol> gy o
39t hpxd sl Ol (&S Slayall 5 (o sl
ol Sl ol oains i £5-ds0 (ol 45
st Jdo Aol oo ol oS sl ysie 4 b e ls
sl e b Con Sy A le
Bl s EBge saailsog, o O (oleenisSy 5
Sblwgs 09— dasie DL 138 o L adoe
=00,5 o,lil Cdge slaailsog, o Jase oy
e sla e Shluwg 45 woges Lo Ll ol
el e kS (yrizman 5 (Williams, 1996)
oy 65k slagFliul 5 cEge glaailsss) 5o
b by shol oSt 5l egaile oni sl O 5 oy
Wil Laailesg, ool (Sojlom 2Ll sl o)

ol eSSyl as !y Slalo sl oy o aS

Prenda and Gallardo-) o5 o,ly s ciwssS|

bl Ghgy alewss Wb aee ol .(Mayenco, 1999

=l bogd ooy yiidgs 9,5 o 1,8 colaiul 090 a5

Gloasiss YL o515 Vb s of) o Sl y5b @
3045 W00,8 eld el elS caw wilgie e
o< Jlade als o Vlas! ol jiegie
5T slalfin 5 VU 55 o2, e osils sl
-5 Olsld slaaisS slasy oezg .l Jdo pl 4 ¥
Wil Lajging Sle YL g9 Sk 2l & Wy
5 0L 3l ag g Jolsie ajei a5 Cel Jl> o oyl
WSl g9 Rl Ghel la el )bl daaiss
9,5 ks 2000) ., Sen ¢ Lydy .(Gray, 2000)
Comax oS 5 ol (Sogdl 51 o ol Saw &S
it o b plp adlaie (nl £95 (Jy 0S5 i
A0 ygmmon aLd 0l eogdl é K6 S
Sl i gl i g o e plas ) el dle
Ludng )«)3_....» e 0O )l_i: > 449§ Coroz o
3,9 o 2>l ol (and Reynolds, 1988
elast T ol 8l ales )ls aS 0, o0 I Sleloxs]
3 a5 S Sl judaz e Yaane 05 ke |,
ol goue jlaie il i Ao, ge gleix
S8l anssh azye 5 WSee o ) Ceos 4y (gronns
o o 4o e (pl all 5 CSeSS drel> o



ol Gl gla T 5 Logasie gloacs 5 (S8
5 Sl s slo ooy ) i (b il @
3 L 3 6l 0L (e 5 e Jole ol (S
Pires et al., ) a_ib o,po o Sleloizl Sy
Lyl a5 50 Ly Glsee rizean (2000
NESTUR FOURSONCEE S 0 W[t 0 YT
(Simboura and Zenetos, 2002) oS id>
leel GolS bt slo (Shg 5IPH 5 o908
oikgim o (Brooks, 2004) &g, o e 4 Cdse
ol Gliwd ol LASPT s o3ls ol
s Spencer (Jl> ol Lol olas ot  Swen
et o (S 45 wiols Lis (1999) Ko
&S O g Sy amalzr il cul (Sen O]
U o olSi ol o (sl g ohsl 4y Iy
CBge slo Ol LS 5l g o 15 s 1,8
Jsloee 5551 5 DHL 33 s 5l los S Jas
lord 95058 sla el )b Jdod g an i ails
2 ooV jeam 5,90 ;0 (sowie ledbl OT &S
G0 aiges (e 5 oy y 5l 0550 Ol (sladigas
ol oleoad oo 5 4525 (Jl> ol b oms o a8l
S Do aily Slpss plp )0 Gl a2l S

o,le 4 (Galbrand et al., 2007) el oo

FO axao ....)wégﬁ.& 435.53) fomrsict .95| Gﬂ..f Cardg Ja.l:u

Sl ate sl ot iafge 45 g0 sloa Slsog,

OBl e ;oL Sl 9 b 1) (Sudsly e
3 (Morais et al., 2004; Coimbra et al., 1996)
Pinto ef ) s las 5929 LolS o lasliwsl azli i,
olis 2004) ), Sen ¢ Morais aslllas (al., 2004
Gt ceslis pasls ASPT iy asls as ol
Ol oegred 9 009 Laailesg) 5l o cnl (L3
LS 4 el asls Sy B35 s BMWP a5 wis S
o5k dn (Sen g g gild (et lh b ead 00y
o=l bl oo drowe o pie U Cod pasiin
olid (2006) ) LSean ¢ Johnson a5 sl J> o
230 yod i g e o asli a5 Wsl
s sl a3ls 5l 5 598 ASPT s BMWP L
ALl ol Giagi 5o i asdl> LSl
ot Sl i 5 &l ez o b g opls
(2006) l,LSen 5 Azrina iogio «oils Cio
S s £55 slaarls a5 wiols olad
Zolon 5 (TSS) Jslomo st Slasle IS L (6 ls sias
s a8 ool Loy ol il e Sy S
Iy 698 sl e ( Suwwor (Kroll et al., 2009)
el i e (a5 5 Sl wli b

L, &0 L _wg ol L_25 ASPT  BMWP



FFe amao \WAD lwsl ¥ oLl £ 090 ! (b @olvo ((ormd Cons ) o

ol 5o Ly & jglome 51 (S50 (S g (55 )5las
5 ol AR ite il Sitng Sle selyz o
Shlasls ol Cans dame 5 Ol colS ol el
Gy Slasdo an axgr Jdo pued 4 ol 00l
slaglels 5 (LSl lawgi <o pae Jloel 5 (Jame
oo obul Gz jsb 4y dadlate (pl )3 abgye
Og—pros 9 OPS laasli &5 ol (i s il
9= 4o adbie lajging Sl oS J as azg b
lrolSi) e slacsglis sl ol Ul
Olbee alal) pae plo Grizren 0l 9 1) (Slalllas
Omligmy slopatly 5 (liondsS 8 sla )9S
5 )l sl g Bllae b 4 o asls
o) 45l g g ol slazel L ailsog, o
Lo asd) )5 4,500 S350 gl ailBos, jo b asls
L jedaie (pay 00,8 duslie 550 suxie sla pasli
W) Olg (o by 5l el 9 <5 e Sloa I diged
&) Stz )3 9 S ) oad sloml Sl 465 50

Wged G auliel Ol s

oh) Lt Leailsog) (iS5 byl Slalllas jo 500
Sl ot 5 (S oyl i @, sl
ol 4t bypye SleSlbl L gt Ly s 35
Metcalfe, ) a_wo oo 8 LS o1 5,0 diged
(1989

olml 0 ol &S by 5 S5 slaadkiy
ot 5 o525 56 (i e
b0y, sy ) Jlie ) 0,5 o0 Sjg0 O
Nemati et al., ) 5,5 o plxil (gog0me &jg0 40 b
JLis 4 s BMWP 5 alis 5l eolaul L2010
- = S el slaadS vg0 Lo 4 ASPT
Slgie S mhan ;0 Logas ol pl )3 585 (B e
ot gatajles Jrds agy Gy ol ol wre ey
5 ol sl 0lsils s o ajsiing Slo olulis
stz BB oz ady0 55 loj j0 g eog Al oS
(Czerniawska-Kusz, 2005) o aalgs

bl o aS Sl 58 e g il (S5 55l @
Ll 5 alsg) 2 6585 OB e SHn &ilex &9
e o ol sl | (asls ol Saslss]
sl e iy 1 50 (&S 2S5 s
laias L 5l ool Ly LS s ailog, LaS

S0yl 095 a5 ols yLzs ASPT  BMWP s



REFERENCES

Abbasi, T., Abbasi, S. 2011. Water quality indices
based on bioassessment: The biotic indices. Journal

of Water and Health, 9, 330-348.

Ansari, Z.A., Sreepada, R.A., Kanti, A., Gracias,
E.S., 1994. Macrobenthic assemblage in the soft
sediment of Marmugao harbour, Goa (central west
coast of India). Indian Journal of Marine Sciences,
23,225-231.

Arimoro, F.O., Ikomi, R.B., Iwegbue C., 2007. Water
quality changes in relation to Diptera community
patterns and diversity measured at an organic effluent
impacted stream in the Niger Delta, Nigeria.

Ecological Indicators, 7, 541-552.

Armitage, P.D., Moss, D., Wright, J.F., Furse, M.,
1983. The performance of a new biological water
quality score system based on macroinvertebrates
over a wide range of unpolluted running-water sites.

Water Research, 17, 333-347.

Artemiadou, V., Lazaridou, M., 2005. Evaluation
score and interpretation index for the ecological
quality of running waters in central and northern
Hellas. Environmental Monitoring and Assessment,

110, 1-40.

Azrina, M.Z., Yap, C.K., Rahim Ismail, A., Ismail,
A., Tan, S.G., 2006. Anthropogenic impacts on the
distribution  and  biodiversity = of  benthic
macroinvertebrates and water quality of the Langat
River, Peninsular Malaysia. Ecotoxicology and

Environmental Safety, 64, 337-347.

Barbour, M.T., Gerritsen, J., Snyder, B.D., Stribling,
J.B., 1999. Rapid Bioassessment Protocols for Use in

AT ....)wésﬁ.& dl&és) P *95| sﬂ..f Cardg J.o.l:u

Streams and Wadeable Rivers: Peryphyton, Benthic
invertebrates and Fish. 2nd ed., EPA Pub.,
Washington D.C., 408 p.

Barnes, R., 1987. Invertebrate zoology. Saunders
college publishing. New York. USA. 893 p.

Bass, D., 1995. Species composition of aquatic
macroinvertebrates and environmental conditions in
Cucumber Creek. Proceedings-Oklahoma Academy

of Science, 75, 39-44.

Blomgqvist, S., 1991. A Review: Quantitative
sampling of soft-bottom sediments: problems and
solutions. Marine Ecology Progress Series, 72, 295-
304.

Bonada, N., Prat, N., Resh, V.H., Statzner, B., 2006.
Developments in aquatic insect biomonitoring: a
comparative analysis of recent approaches. Annual

Review of Entomology, 51, 495-523.

Borja, A., Franco, J., Perez, V., 2000. A marine biotic
index to establish the ecological quality of soft-
bottom benthos within European estuarine and
coastal environments. Marine Pollution Bulletin, 40,
1100-1114.
Bouchard, W., 2004. Guide to aquatic
macroinvertebrates of the Upper Midwest. Water

Resources Center, University of Minesota, 208 p.

Brinkhurst, R.O., 1967. The distribution of aquatic
oligochaetes in Saginaw Bay, Lake Huron.

Limnology and Oceanography, 12, 137—-143.

Brooks, R.T., 2004. Weather-related effects on



FPY axano 1WAD Lesl (¥ o)l FQ 0,90 (ol ol (crud ol ¢ b G ) buxo

woodland vernal pool hydrology and hydroperiod.
Wetlands, 24, 104-114.

Brundian, 1., 1951. The relation of O,
microstratification of mud surface to the ecology of
the profoundly bottom fauna. Institiue of Freshwater

Research Drottningholm Report, 32, 8-12.

Camargo, J.A., Gonzalo, C., 2007. Physicochemical
and biological changes downstream from a trout farm
outlet: Comparing 1986 and 2006 sampling surveys.
Limnetica, 26, 405-414.

Capitulo, A.R., Tangorra, M., Océn, C., 2001. Use of
macroinvertebrates to assess the biological status of
Pampean streams in Argentina. Aquatic Ecology, 35,

109-119.

Clifford, H.F., 1991. Aquatic invertebrates of
Alberta: An illustrated guide. University of Alberta.
538 p.

Coimbra, C.N., Graga, M.A.S., Cortes, R.M., 1996.
The effects of a basic effluent on macroinvertebrate
community structure in a temporary Mediterranean

river. Environmental Pollution, 94, 301-307.

Cooper, C.M., Knight, S.S., 1989. Water quality
cycles in two hill land streams subjected to natural,
municipal, and non-point agricultural stresses in the
Yazoo Basin of Mississippi, USA (1985-1987).
Verhandlungen der Internationalen Vereinigung fiir
Theoretische und Angewandte Limnologie, 24, 1654-
1663.

Czeniawska-Kusza, 1., 2005. Comparing modified

biological monitoring working party score system

and several biological indices based on
macroinvertebrates for water quality assessment.

Limnologica, 35, 169-176.

De Pauw, N., Vanhooren, G., 1983. Method for
biological quality assessment of watercourses in

Belgium. Hydrobiologia, 100, 153-168.

Dezhkam, S., 2010. Identification of aquatic
invertebrates Kheirood Kenar River. B.Sc thesis.
Department of Fisheries, Faculty of Natural
Resources, the University of Tehran, iran, 43 p. (in

Persian).

Elmore, A.J., Kaushal, S.S., 2008. Disappearing
headwaters: patterns of stream burial due to
urbanization. Frontiers in  Ecology and the

Environment, 6, 308-312.

Fore, L.S., Karr, J.R., Wisseman, R.W., 1996.
Assessing invertebrate responses to human activities:
evaluating alternative approaches. Journal of the

North American Benthological Society, 15, 212-231.

Galbrand, C., Lemieux, I.G., Ghaly, A.E., Coté, R.,
Verma, M., 2007. Assessment of constructed wetland
biological integrity using aquatic macroinvertebrates.

OnLine Journal of Biological Sciences, 7, 52-65.

Gerhardt, A., 2001. A new multispecies freshwater
biomonitor for ecologically relevant supervision of
surface waters. In Biomonitors and Biomarkers as
Indicators of Environmental Change 2, Springer US,

pp. 301-316.

Gerhardt, A., De Bisthoven, L.J., Soares, AM.VM.,

2004. Macroinvertebrate response to acid mine



drainage: community metrics and on-line behavioural
toxicity bioassay. Environmental Pollution, 130, 263-
274.

Gray, J.S., 1981. The ecology of marine sediments:
an introduction to the structure and function of
benthic communities (No. 2), Cambridge University

Press, 185 p.

Grebmeier, J.M., McRoy, C.P., Feder, H.M., 1988.
Pelagic-benthic coupling on the shelf of the northern
Bering and Chukchi seas. 1. Food supply source and
benthic biomass. Marine Ecology Progress Series,

Oldendorf, 48, 57-67.

Grzybkowska, M., 1989. Production estimates of the
dominant taxa of Chironomidae (Diptera) in the
modified, River Widawka and the natural, River
Grabia, Central Poland. Hydrobiologia, 179, 245-
259.

Guntharee, S., 2003. Benthic macroinvertebrates as a
biological index of water quality in the lower
Thachin River. Silpakorn University International

Journal, 3, 168-183.

Hawkes, H. (1998). Origin and development of the
biological monitoring working party score system.

Water Research, 32(3): 964-968.

Hepp, L.U., Milesi, S.V., Biasi, C., Restello, R.M.,
2010. Effects of agricultural and urban impacts on
macroinvertebrates assemblages in streams (Rio
Grande do Sul, Brazil). Zoologia (Curitiba), 27, 106-
113.

Hynes, K.E., 1998. Benthic macroinvertebrates

FPY amio ... )LS 09 pus dil50g) pricwamwsS| (S Caridg Joudoxd

diversity and biotic indeces for monitoring of 5
urbanizing lakes within the Halifax regional
municipality (HRM), Nova Scotia, Canada, Soil and
Water Conservation Society of Metro Halifax, 114 p.

Johnson, P.M., 1972. Ecology and production of
Profundal benthos in relation to phytoplankton in

Lake Esrom. Oikos (supp 1), 14, 1-148.

Johnson, R.K., Hering, D., Furse, M.T., Clarke, R.T.,
2006. Detection of ecological change using multiple
organism metrics  and

Hydrobiologia, 566, 115-137.

groups: uncertainty.

Karr, J.R., 1998. Rivers as sentile: Using the biology
of rivers to guide landscape management, final report

for USEPA, 28 p.

Kroll, S.A., Llacer, C.N., de la Cruz Cano, M., de las
Heras, J., 2009. The influence of land use on water
quality and macroinvertebrate biotic indices in rivers
within Castilla-La Mancha (Spain). Limnetica, 28,
203-214.

Lenat, D.R., 1993. A biotic index for the southeastern
United States: derivation and list of tolerance values,
with criteria for assigning water-quality ratings.
Journal of the North American Benthological

Society, 12, 279-290.

Lewis, S.P., Harrel., R.C., 1978. Physicochemical
conditions and diversity of macrobenthos of village
creek, Texas. The Southwestern Naturalist, 23, 263-
272.

Ludwig, J.A., Reynolds, J.F., 1988. Statistical
Ecology. John Wiley and Sons, Inc., 341 p.



FPF axao 1YAD Lewol ¥ o )loud #0690 ¢yl ! (s 2olio ( b Conn ) Lo

Lydy, M.J., Crawford, C.G., Frey, J.JW., 2000. A
comparison of selected diversity, similary and biotic
indices for detecting changes in  benthic-
invertebrate community structure and stream
quality. Archives of Environmental Contamination

and Toxicology, 39, 469-479.

Merritt, R.W., Cummins, K.W., 1978. An
Introduction to the Aquatic Insects of North America.

Kendall/Hunt Publishing Company, lowa, 862 p.

Metcalfe, J.L., 1989. Biological water quality
assessment of running waters based on
macroinvertebrate communities: history and present
status in Europe. Environmental Pollution, 60, 101-

139.

Miyazaki, R., Lehmkuhl, D.M., 2011. Insects of the
Saskatchewan River System in Saskatchewan. In
Arthropods of Canadian Grasslands (Volume 2):
Inhabitants of a Changing Landscape. Edited by K.
D. Floate. Biological Survey of Canada, pp. 119-157.

Morais, M., Pinto, P., Guilherme, P., Rosado, J.,
Antunes, 1., 2004. Assessment of temporary streams:
the robustness of metric and multimetric indices
under different hydrological

conditions. Hydrobiologia, 516, 229-249.

Muniz, P., Venturini, N., Pires-Vanin, A., Tommasi,
L. R, Borja, A., 2005. Testing the applicability of
Marine Biotic Index (AMBI) to assessing the
ecological quality of soft-bottom  benthic
communities, in the America Atlantic region. Marine

Pollution Bulletin, 50, 624-637.

Mustow S.E., 2002. Biological monitoring in rivers
of Thailand: use and adaptation of the BMWP score.
Hydrobiologia, 479, 191-229.

Nemati, M., Ebrahimi, E., Mirghaffary, N.,
Safyanian, A., 2010. Biological assessment of the
Zayandeh Rud River, Iran, wusing benthic
macroinvertebrates. Limnologica-Ecology and

Management of Inland Waters, 40, 226-232.

Paisley, M.F., Trigg, D.J., Walley, W.J., 2013.
Revision of the Biological Monitoring Working Party
(Bmwp) Score System: Derivation of Present-Only
and Abundance-Related  Scores from  Field

Data. River Research and Applications, 30, 887-904.

Payakka, A., Prommi, T.O., 2014. The Use of
BMWP and ASPT Monitoring Of Stream. Journal of
Applied Sciences in Environmental Sanitation, 9, 7-
16.

Pearson, T.H., Rosenberg, R., 1978. Macrobenthic
succession in relation to organic enrichment and
pollution of the marine environment. Oceanography

and Marine Biology, Annual Review, 16, 229-311.

Perkin, J.L., 1983. Bioassay evaluation of diversity
and community comparison indexes, Research
journal of the Water Pollution Control Federation, 55,
522-530.

Perus, J., Bick, S., Lax, H. G., Westberg, V.,
Kauppila, P., Bonsdorff, E., (2004). Coastal marine
zoobenthos as an ecological quality element: a test of
environmental typology and the European Water

Framework Directive. Coastline Reports, 4, 27-38.



Pinto, P., Rosado, J., Morais, M., Antunes, 1., 2004.
Assessment methodology for southern siliceous

basins in Portugal. Hydrobiologia, 516, 191-214.

Pipan, T., 2000. Biological assessment of Stream
Water Quality-The Example of the Reka River
(Slovenia). Acta Carsologica, 29/1: 201-222.

Pires, A. M., Cowx, I.G., Coelho, M.M., 2000.

Benthic macroinvertebrate communities of
intermittent streams in the middle reaches of the
Guadiana Basin (Portugal). Hydrobiologia, 435, 167-

175.

Prenda, J., Gallardo-Mayenco, A., 1999. Distribution
patterns, species assemblages and habitat selection of
the stoneflies (Plecoptera) from two Mediterranean
river basins in southern Spain. International Review

of Hydrobiology, 84, 595-608.

Raunio, J., Heino, J., Paasivirta, L., 2011. Non-biting

midges in  biodiversity = conservation  and
environmental assessment: findings from boreal
freshwater ecosystems. Ecological Indicators, 11,

1057-1064.

Rosenberg, D.M., Davies, 1.J., Cobb, D.G., Wiens,
A.P., 1997. Protocols for measuring biodiversity:
Benthic macroinvertebrates in fresh  waters.

University Crescent, Manitoba, 43 p.

Seather, O.A., 1962. Larval over wintering in Endo
Chironomus tendons Fabric us. Hydrobiology, 20,
277-381.

Simboura, N., Zenetos, A. 2002. Benthic indicators to

use in ecological quality classification of

f2O axao ....)wésﬁ.& dl&és) P *95| sﬂ..f Cardg J.o.l:u

Mediterranean soft bottom marine ecosystems,
including a new biotic index. Mediterranean Marine

Science, 3, 77-111.

Simpson, S.L., Batley, G.E., Chariton, A.A., Stauber,
J.L., King, C.K., Chapman, J.C., Hyne, R.V., Gale,
S.A., Roach, A.C., Maher, A., 2005. Handbook for
sediment quality assessment. CSIRO, Bangor, NSW,
218 p.

Spencer, M., Blaustein, L., Schwartz, S.S., Cohen,
J.E., 1999. Species richness and the proportion of
predatory animal species in temporary freshwater
pools: relationships  with  habitat size and
permanence. Ecology Letters (United Kingdom), 2,
157-166.

Stephens, W.W., Farris, J.L., 2004. Instream
community assessment of aquaculture effluents.

Aquaculture, 231, 149-162.

Voelker, D.C., Renn, D.E., 2000. Benthic
invertebrates and quality of streambed sediments in
the White River and selected tributaries in and near
Indianapolis, Indiana. USGS Science for a Changing
World, 55 p.

Walley, W.J., Hawkes, H.A., 1996. A computer-
based reappraisal of the Biological Monitoring
Working Party scores using data from the 1990 river
quality survey of England and Wales. Water
Research, 30, 2086-2094.

Wilhm, J., Land Dorris, T.C., 1968. Biological
parameters for water quality criteria. BioScience, 18,

477-481.



FFP axao 1YAD lewol ¥ o)l £ 0,98 oyl ! (crud ubo ¢ b G ) buxo

Williams, D.D., 1996. Environmental constraints in
temporary fresh waters and their consequences for
the insect fauna. Journal of the North American

Benthological Society, 15, 634-650.

Williams, D.D., 2005. The biology of temporary

waters. Oxford University Press, 348 p.

Wright, J.F., Armitage, P.D., Furse, M.T., Moss, D.,

1989. Prediction of invertebrate communities using
stream measurements. Regulated Rivers: Research

and Management, 4, 147-155.

Zamora-Munoz, C., Alba-Tercedor, J., 1996.
Bioassessment of organically polluted Spanish rivers,
using a biotic index and multivariate methods.
Journal of the North American Benthological
Society, 15, 332-352.



FPY axio ....)wégﬁ.& 435.53) fomrsict .95| Gﬂ..f Cardg Ja.l:u

An analysis on qualitative status of the Kheiroodkenar River
ecosystem using the biodiversity indeces ASPT and

BMWP

Saeid Shahbazi Naserabadl, Hadi Poorbagherz*, Soheil Eagderi3, Afshin Danehkar4, Moein

Rajaei’

! Graduated with an M.Sc., Department of Fisheries, Faculty of Natural Resources, University of Tehran
’Associate Professor, Department of Fisheries, Faculty of Natural Resources, University of Tehran
I Associate Professor, Department of Fisheries, Faculty of Natural Resources, University of Tehran
?Associate Professor, Department of Enviroment, Faculty of Natural Resources, University of Tehran

>Graduated with an M.Sc., Department of Fisheries, Faculty of Natural Resources, University of Tehran

Received: 1-Nov.-2014 Accepted: 10-Jun.-2015

Abstract

The present study aimed to compare the efficiency of BMWP, ASPT and diversity indices in environmental
monitoring of temporal rivers. For this purpose, four sampling stations were selected along the Kheiroudkenar River
and macroinvertebrates were sampled monthly with three replicates (from July 2012 to November 2013). BMWP
and ASPT were calculated using the specific scores of each family. Our results showed that with the exception of
the station close to the Najar-deh village, with a BMWP score of 64.2 indicating fair water quality, other stations in
the river had good water quality. The calculated scores for ASPT index also showed similar results. However, the
Shannon-Wiener index predicted moderately-polluted state for the stations 1, 3 and 4 and heavily polluted state for
the station 2. There was a positive correlation between BMWP and ASPT. In general, according to seasonality,
habitats conditions and fluctuations in physicochemical parameters of this temporal river, macroinvertebrates

composition at the studied sites demonstrated higher reliability as a biological index.

Keywords: Biological index, BMWP, ASPT, Diversity index, Water quality, Temporal River.
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