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Figure 1. Study area and location of sampling stations from the Kanibrazan wetland
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TSI values

Trophic state

0-30
30-40
40-50
50-60
60-70
70-80
80-100

Oligotrophic

Mild Mesotrophic
Mesotrophic

Acute Mesotrophic
Eutrophic
Hypertrophic
Acute Hypertrophic

LY 5o (B9 s ls amubro bulg, -Y Jgux
Table 2. Equations of Trophic indices in Wetlands

Models

Equations

Model 1: Trophic model for total phosphorous

Model 2: Trophic model for chlorophyll-a

Model 3: Trophic model for secchi depth

Model 4: Trophic model for Total Nitrogen

Model 5: model for calculate trophic index

Model 6: model for calculate total trophic index
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TSI -S=60-14.41x Ln [SD](meters)

1 147
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In2 t
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Figure 2. Comparison of wetland condition in spring and summer (the right image shows the drying of
shallow pond in summer)
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Figure 3. Trend of BOD5 (Right) and COD (Left) in Kanibarazan wetland in different seasons and stations

Ol o 1 gl oo YL olg Byl cpl 5l g 00,8 o
oo Geizmen gy Jgab s 51 VL Ol Jlaie Jsad
Sl L og onl Brae LSl (YL pely LSS
980 il 09938l L Slawd e LSl codled
olie & S Bllae abe lP 2l B0y
Lyl a5 amo o ol il o1, TSI (SD) sl
29 i Sy Sgie Cundy L Jad b o YU
Sondy july bad )0 By 58l Cundy (Ll Jad
2 3l b gsa i b o lales § Kby gz
TSI iy 08game LIS ok elop oS> VG

VFY

Conl Sl Jlo Jsb jo TSI(TP) Lol polie gl
S Sy gre (B9 Camdy b g Gl (b yo a5
odguze all il oo Sy g s 9 5l b 5o 5
FO G p ovgLT o TSI (TP) Lasls polie &lyss
P ey b6 u‘H R ul.m; a5 00y ke
az g5 bl e Bl OYB Ho Jle Job )0 ,aud ol
Shls «sislis o PBras aland slassS asl o
3o A s 5950 oo sS4 Cud (5 5ieS o]
Oliae; 50 Lol s lo )18 et camdg o s Lol Jguad
W S Gl 1o ol g B )k ade 4



1A Ll ) opleds A ol

S 60,5 Slagss

odd 0958 L89S (liee o5 ams oo (Las (0-V JS2)
ot oy sk G slacls oo b SLalS YL o
A S bl oyl callhe Jlo Job ;o OYB o
Sy TV VB 6l 58 JS (Boy S ls e
P Bop padls a cul ] 51 Sl a8 el ool
3 PG Candg g oyl 18 sl STy Sgre Cundy
@y by Wb ey dope 4 i
ol ede adl slol wligle;l z=ls g Slave sl gw )y
CohsS 5 CanS b ol el pas 4y bgyye wilgs oo
Jsb 30 VB Galadly oLl Juad )3 oy clie
5aS osdee spel Caie o e 90 5l Lo
VB 4 (639)9 ©f pn> ol Lanslgl U 53L Loyl
3 s o5 sl o oblgs w50, 255 4515 35k 5|
Slesly g ol Jlojs5 n Do onl )0 (6% CobeS
G5 aarg bllo)ls o omb coiS ax ST 2Se;
Coprdy | VB Ol (ol 35 g Ao, ST L s
Sl Laslsl 51 im0 5l el sl o 10,55 2 (5 550
Jodoas 0, Ol 0gbi o jp )5 I oS 5ol Lavlgl
Gl b 55)0laS lp a5 )90 glaciils
S o ST g Sy cod OVG @ @Blge iy 50 g atdly
Jsb )0 (e g (plwg, ladl 39,9 Jds 4

80 r

TSI (TN) (mg I'Y)

Spring  Summer Autumn

Jlo qilize Jgad o Jds)lS Ssy a3ls mls
s dlga 5l e Ldo)lS adg a8 ol ] 5l oS>
LS)D""‘L' R )3.; 9 Lo u...mcj é)la ‘uyl.v 39 99590
b oloyad Sl Jhad ,o TSI (ChL. &) Lasls lais a5
b o ol jlam s Sy g Candg arlge (o 6,8
o ORI (S 5 e Cundg) 095 sl 4 Ll
YB3 Jdo,lS (VL oy 5l el cumdg cnl b
Gl 50 g a0y b Lol ol oo bl Juad o
Oty Juad ;0 5 Sdgighe Camdg Judg I lad
Wil o Sy aihie 10 Ygore lsp slos Coundy a5
odalive Cands Sdg ighe Comdy ;08 Judg IS (e
gL s TSI(ChL. @) &l s 00 gums 455 jshay 098 oo
Sl 5 > 53S0 VT b sy Jb 4o p ¥Y!
p_ﬂ).a 6,50).»\ C"L“’ ol 039 yuitio ol Juad
bas ol olas Gilises Jgad ;o dsbe 5 slacSl>
5 wboo GRlB bogShgd ol e Jad £900
355 @l 4 ol ) 2 s 25 L lag] e
Ol 9 5l 3 I92 (a8 350 b g oo e Lol ) o
b oalas ol Jsko o5 sl Comon s
Wgy 5 (@Y JS2) TUds)ls Slpss gy anglie
Gt Jgad 10 Jshocs oSl oSl &l

Winter

Sampling seasons

dlizo Jguad 50 l3lp S Y6 Ho TSI (TN) Ol i’ Wigy —F &
Figure 4. Changes trend in TSI (TN) in Kanibarazan wetland in different seasons

VY



¥l o) oled A al> S o )5 wlides

o
o
)

(2]
o
1

N
o
1

N
o
1

TSI (TP) (ug I)

o
I

Spring Summer  Autumn Winter
Sampling seasons

o Jguad 30 (3l ST GYE 43 TSI (TP) @l s’ Wigy -0 JSio
Figure 5. Changes trend in TSI (TP) in Kanibarazan wetland in different seasons

60 -

i B

Spring Summer Autumn  Winter
Sampling seasons

Glizeo Jguad 10 oyl31 S GYG ;0 TSI (SD) el s’ wigy —F S
Figure 6. Changes trend in TSI (SD) in Kanibarazan wetland in different seasons

I
o
1

TSI (SD) (cm)

o

@ 8' b

S )@

Sz 60 1

T E o

o = 4 :5.40_

28 =

.:,55; 2 =20 - ‘
0 “0_

Spring Summer Autumn Winter
Sampling seasons

Spring Summer Autumn Winter
Sampling seasons

s Jgaad 10 olilp S OV 5 Jebw G S 151,53 TSI (Chl. @) &l yusdi gy dun i -V S5
Figure 7. Comparison of changes trend in TSI (Chl. a) and single-cell algae in Kanibarazan wetland in

different seasons

Total TSI
N
o

Spring  Summer Autumn  Winter
Sampling seasons

Gliseo Jguad jo oylilp S Y JS TSI Ol oy - A S
Figure 8. Changes trend in Total (TSI) in Kanibarazan wetland in different seasons

V¥



1A Ll ) opleds A ol

S 60,5 Slagss

o VIOY :Silo b g VIVY b VIYF osgame 4o g
(30 2 VFIV :Silie L) oS Sl S 9 PH (000
aS Slg ) sliie a4y bgy 1o Wilg oo gy (slodiges ;o
ailaie oS al aiies CassVl 5] sl
il o g Sal ol pedle 9 009 3L PH (slyls
-l 4 g /O sl S S glan (pSils
Y 4 (53555 (b Ol mlie (05 (e odims
coloa e (KI1) oKl 5 o Ji> ol b e
Jlaie 09V ASMI I iy gy sladigas (S5 2SI
L g Y/EY b /0% aiels ;5 gy slotiges ;5 T osls
alio ;o JToske polie (pl.0g duoyo YN Sile
ailaie oS gy oad by JT osle (alyime b
099 ety SRl dye S 4l S
S ol g8s wiile Sl slaclled ol jon 4 VG
ool il GYB Slgesy 5o T oole Lials3l Lelse
Fond Ol s aiels (g5 jaud (6l onel s a4y S
FUTE B YV/AY Godgioms ;5 gms, slotisai yo JolS

Sy pae Slgw, YA/F mokgt Sl b

Y ol 28y JUIS 51 Ol 5t leaol Jad o
1 ilaS (Bl 55 095 Bilas Juds 4 4 058 e

A3l e 18595 (6 iy Ol xS g Sland

Gligay )0 ol Pl ) ynd Cordyg
Ol (les Gln 65958 (2N paie S sau
9 ébjﬂ g0 )i..).o .Ia;‘).w 399 u‘)‘u\.vl} M) IRVELY
(Arfania et al., 2017) s¢s ol e onyay obx
s 2l gloplliiog jo jand CLlE jo i 41T 0
ad ooy o addllae ool 4o (Fallah et al., 2018)
@S 285 1B oy p 3550 Sl 50 al plen;
“diged Slgw; glord 5 (S5 Gla Sy 4 by
S sl el oo &SI A S o SYB 5l eai (g4l
5 9 03 g5l 8L sl Sliga; (8L LS
B ey U oogdipd (8L la DS 00995
o0y 9 i b a0 oy lade Ol o adalo adylo
Sl L{bdqyo.: GnLo.: o pH ulj.u..u aolo 9 009 @LJS

90
SR
€
(b}
o
S 30
0 T T
Clay Silt Sand
15 8.5 30
12 ¢
[ 8 - $20
< 0971 = =
£ i I &
% 0.6 1 754 % glo J
03 1 A &
0 7 0
EC pH Calcium carbonate

equivalent

(8 = olawd) OYU Sligay (orloond 9 (Ko 58 ST 9 Oyt ldnnr logei -4 YK
Figure 9. Box plots of the physicochemical properties of wetland sediments (n=6)

\Fo



1WA Ll o) ojleds A ol

S g0 0,5 Clagss

R b6 W;l o WWAY Jlo et
e (e IS (Kad ;505 S5 5l e
WS Gries g ond pSojlal oS aud
Olas Juad o (Ve JS0) (Jsbos SO slasil>
5 S et g S A8 el Cldi> ol SOl
bl 4zl o g (Sl o515 00isS J S Jelge
9y JI 9, ;N0 s 3l g 0o YU (B e
mged )0 el Bl Hawd i lp (ol

oolaiw! b (Arfania et al, 2017) |, Sen g Ligd)|
Olis dilaie sladilsog) ;0 (Sl (305l b
el S glae 4 JolS jand Jlaae a5 aisls
9039 Sligay )0 @al 8 jand (sl o Lol
5 Selr QBSE anlp wigie o @
S wylod b (2l b 50 1) ornlSdn sy
el Jol5 ,aud Yo 5 YO mokg™ 5l i polie
ol bme 3 Silr GBeSs s il

Ll gy sl Sligay jo Jol5 aud slgime 4 azgi b cnlply
b o Sl> LbeSs Jhs Lals (oY
[<5] 9 |
o] [
] ~
o0 -
8 5 7 A ° _- -
28 4| ~7 y=0.1734x+1.2738
[=2] 6 ~
2 o R? = 0.6248
> 51 & o r=0.79**
4 ! Confidence level=99%
20 30 40

Cowell-P (mg/kg)

Gy Sdiged y0 JoIS yhuwd Hlade b (Jobw I Seler o515 (e bLI -V S5l
Figure 10. Relationship between single-cell algae and Cowell-P in sediment samples

Gl 5 oanls ol e Ol eud 5 Lasls
m0 5yl 99 slos p aSLs polie SIS jaud
bgi oS wl; Cadgase 5l 80 wlgs
Lyl ogdle ol &l alex 5l jaud 5l e ele
b oVb T e Jshe o5 Sl o515 s (555 siee
OO bis dg0 gy Sladiges o JolS ud e
VB Gl 5o el By fad (s sl o b,
soj plic| C¥sad 51 2eil 09,5 S oyl
4 by, L alss (izmen 5 55 5liS slac]
Vb o ol gebans il Ys Sily Wiy oo VB
ALy 0,55 (gl anllan ol o ool Cosiy gl by
50 odes Sl pess pas o 4 vy 0 S5 4 4 ooy
sladlo 1o (heS Slpis 2g) YU Kl Curdg
3 Gde bl cye Ll ails oglie Lo S
9% 5 0an] o by 4o Vb O CoasS &l
polhe il asly 955 o0 Slidn (SRpde by

20,5 ol fngas OYB

\¥5

S5 S A
VBl 3l ladle polae lagow, 9 Wil
ol 3o iy ey &5 ol 51 Sl oyl S
Sig, ool el &5 witl o ial33l Jl o Jlo o VG
VG ) il o VB ) £55 sl g0 Ol o
Sodbay adlae 3 SoielsS] eyl oo S
2929 pae 5 o ol Vb 6, Baile Jdoas 45 39 00
2 6095 o s @) Jlo 05 Jgad )3 (295
abbise pdicaw! Gud 4 (s Gliee b anglas
1 Bb 039y 9 e mhaw (599 Vb Jdoay 25k
9 13 oS (Sliwg) 9 55)liS Sl oL 59
Cnl 5 009 (Bo s Wsy axies O] Gy Lawgte Gas
Ol sl g ey 538 O 5l sl il oo £905
a5 Supae gleoges cul oY el cpl 5 0ed
20,5 (pgis w8l VB plliipg (o)luk oaiiS (e
Lilps camsplis IS s b By a3l lade
bl adlbioe Jgad 5l (S n 50 (Berm a0 Sesp



w0l G VB By 5 Candy (o)

References

Abedini A., Mirzajani A.R., and Fallahi M. 2016. Physicochemical conditions and trophic levels of
the Anzali Wetland. Iranian Scientific Fisheries Journal, 26(6): 113-123. (In Persian)

Al-Abbawy D. 2012. Assessment of trophic status for Shatt Al-Arab River using trophic state index
(TSI). Journal of Basrah Researches (Sciences), 38(3): 36-44.

Arfania H., Samadi A., Asadzadeh F., and Sepehr E. 2017. Estimating bioavailable phosphorus by
some chemical extraction methods for algae (Senedesmus obliquus) in western river sediments of
the Lake Urmia basin. Journal of Water and Soil, 31(4): 1200-1214. (In Persian)

Bronmark C., and Hansson L.A. 2017. The biology of lakes and ponds. Oxford University Press.

Behrouzirad B. 2008. Iran wetlands. 1nd Ed. Geographic Organization of the Armed Forces, Iran,
798 p.

Carlson R.E. 1977. A trophic state index for lakes. Limnological research center, University of
Minnesota. Limnology and Oceanography, 22(2): 361-369.

Colwell J.D. 1963. The estimation of the phosphorus fertilizer requirements of wheat in southern
New South Wales by soil analysis. Australian Journal of Experimental Agriculture, 3(10): 190-
197.

Darvishseft A., Jamalzadeh Fallah F., and Nezami B. 1999. Investigation of trophic state of Anzali
wetland using GIS. Environmental Study, 23(25): 1-11. (In Persian)

Elmaci A., Ozengin N., Teksoy A., OlcayTopac A., and Savas Baskaya H. 2009. Evaluation of
Trophic state of lake Uluabat, Turkey. Journal of Environmental Biology, 30(5): 757-760.

Elser J.J., Bracken M.E., Cleland E.E., Gruner D.S., Harpole W.S., Hillebrand H., Ngai J.T.,
Seabloom E.W., Shurin J.B. and Smith J.E. 2007. Global analysis of nitrogen and phosphorus
limitation of primary producers in freshwater, marine and terrestrial ecosystems. Ecology
Letters, 10(12): 1135-1142.

Enrigu S., Manuel F., Colmenarejo J., Angel R., Garel L., and Borja R. 2007. Use of water quality
index and dissolved oxygen deficit as simple indicators of watersheds pollution. Ecological
Indicators, 7(2): 315-328.

Fallah M., Piali Zofreiy A.R., and Ebrahimi Darche E. 2018. Evaluation of the trophy status of Anzali
International Wetland using the Carlson Index (TSI). Iranian Water Research Journal, 12(1): 29-
21. (In Persian)

Golmohammadi A., and Shariati F. 2016. Investigatio of the trophic of the Amirkelayeh wetland in
Gillan province using the TSI index. Journal of Wetlands Ecobiology, Ahvaz Islamic Azad
University, 8(4): 63-72. (In Persian)

Li Y., Liu H., Hao J., Cao X., and Zheng N. 2011. Trophic states of creeks in Xixi national wetland
park. International Symposium on Water Resource and Environmental Protection, 1: 532-534.
Nouri J., Mirbagheri S.A., Farrokhian F., Jaafarzadeh N., and Alesheikh A.A. 2010. Water quality
variability and eutrophic state in wet and dry years in wetlands of the semiarid and arid regions.

Environ. Environmental Earth Sciences, 59: 1397-1407.

Rahmati R., Pourgholam R., and Doustdar M. 2011. Trophy status based on Carlson index in the
natural pond of Marzan Abad in Babylon. Journal of Shilat, Islamic Azad University, Azad Shahr,
6(3): 13-22. (In Persian)

Redfield A.C. 1958. The biological control of chemical factors in the environment. American
Scientist, 46(3): 230A-221.

Secretariat R.C. 2006. The Ramsar convention manual: a guide to the convention on wetlands
(Ramsar, Iran, 1971). In Ramsar Convention Secretariat, Gland, Switzerland.

Standard methods for the examination of water and wastewater. 2007. 3nd Ed. Washington, DC,
APHA, ANWA. WPCE.

Vahidi F., Mousavi Nadoushan R., Fatemi M., Jamili Sh., and Khom Khaji N. 2016. Determination
of trophic status of the Valasht Lake based on the TSI trophic Index. Journal of Environmental
Science and Technology, 18(2): 445-453. (In Persian)

Wetzel R.G. 2001. Limnology. Lake and River Ecosystems, 3nd Ed. Academic Press, San Diego.
1006p.

\FY



¥l o) oled A al> S o )5 wlides

Investigation of Trophic Status of Kanibarazan Wetland of Mahabad
Using Sediment Bioavailable Phosphorous and Carlson Index (TSI)

Hojjat Jabbari”, Majid Montaseri?

(Received: December 2018 Accepted: February 2019)

Abstract

Kanibarazan wetland is one of the most important satellite wetlands in the South of Lake Urmia,
which due to biodiversity; it has been promoted as a wildlife refuge and Ramsar site. In this research,
15 stations were selected in the Kanibrazan wetland of Mahabad for sampling of water quality
parameters in 4 seasons of 2015 and a systematic sampling was carried out. Additionally, 6 bed
sediment samples were collected to determine the bioavailable phosphorous content of the wetland
during the summer season. Water quality parameters in this study included: nitrogen, phosphorus,
transparency, chlorophyll a, biological oxygen demand (BOD), chemical oxygen demand (COD) and
bacterial load in the wetland determined by standard laboratory methods. The results for BOD and
COD showed that in all seasons the values of these parameters were much higher than the standards.
The results also showed that TSI (TNs) was high in the first and second seasons and the increase in
TSI (TP) and TSI (SD) values in the autumn and winter seasons were compared to the previous
seasons. The average bioavailable phosphorous content in sediment samples was 29.4 mgkg™ which
indicates high risk of the phosphorous release from the bottom sediments to the overlying water and
accelerating of the eutrophication process. In addition, the significant (r = 79, P < 0.01) correlation
between Colwell-P of sediments and single-cell algae indicated Colwell-P can be used as a
bioavailable phosphorous indicator in Kanibrazan wetland. Finally, based on the trophy indices, it
was observed that the conditions of the wetland in the spring, summer, autumn and winter seasons
are located in the state of Mild Mesotrophic, Oligotrophic, Mesotrophic and Acute Mesotrophic,
respectively, and it can be stated that the status of the wetland is passing to the nutritional stage, due
to lack of water supply with quantity and quality, especially in summer.
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