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Figure 1: Images of the location of the Site Sampling
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Table 1: Classification of Carlson’s trophic state index (Carlson, 1977)
TSI s polio B95 Cumdy TSI Ll polie B95 Cumdy
OY-V- AN <f. AR A

SIS Sl e By Jae X ) 5l iSl axas ol 50 0gdce s Voo U yao 4 CTSI Lulis
oolaiw! O A.E)‘) )| JS L‘>‘95)" Ml.?bo 6‘)_\ 9 ¥ t-\.la)‘) J..\.A A t-\.laa‘) )‘ JSULD..MB 6‘)4 0_95).1 Ma ‘Qa.>L..u
«(Carlson, 1977) s5 5 o Gos Sl Boy Joe ¥ alaly 5l - Ldg IS gl Be

TSI(P)= VE/¥Y Ln[TP] + ¥/1o () b,

TSI(Chla)=Y-/# + a/AY Ln [Chl-a] (Y akl,

TSI(SD) = $- — \§/$ xLn[SD] (Y akul,

TSI(N) = OF/0+) £/£¥ Ln(TN) (F abal,

TSI =[TSI(P) + TSI(Chl-a) + TSI(SD)J/3 (@ alas,
) 5 p 59,50 b dg)ls cdale =CHLa o oy codlad Gos = SD
A eSS 4 S O3ar TN 2 e )59 Sea a0 S a8 TP

\YY


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

b

humo sl 5l

by Jl 5 Gl L ead Sl pslia
(Jgoz bl ol 00l SIIY Jguz jo Juad SIS
2 S)logre DS odlil 5 Bes jeSL g0 LS
ST gl Lo ygiS Lo g wolhs plis Juad len
P<A1+0) aisl o o sme

SRl e 1o IDW g, 5l ol s 5 g
gy ool 31 S gy ol o eolaswl GIS
5 3,0 5l S slasls G 4 g Sl liosye
T pldl 5l Jd asbis @mly 5 eses B,
Slo,gSl s e g pbxl ooy g3lus st
s @l T ez s eeon ol alersSisd
Caz RYEY 5 YN st il 5 asls anlone
A oolatwl &yl 559 GIS 10.2 5l leasss zl sl

(Yl J9) T olands 9 (S 508 S oyl (ailen 2 0lio ¥ Jgur
Table 2: The average values of the physical and chemical parameters of water (year)
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Table 3: Final classification of the Carlson index for the Gorgan bay in different seasons (Carlson, 1977)
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Fig 2: Figure 2: Carlson index interpolation maps based on chlorophyll-a in different seasons in the Gorgan Bay

» pol> addllas jo3ls 18 By gne Cundg 0 e
By gl Ol 9 5l ladad ;o wDland Gliee ol
R Be Syl Cundy 3 e g Ll slaJad 5 4
Sondy o Jad ez e 0 SBlil ulul g ol
95 gl (OTAY) Llen g e o)l )18 By 5
Byigie Caxdg o(JS piad (e elulp ) gl S5 50
Boygre 1) Sexdy oSS 0ers Ol bl 2oy
Ohes 5 (Glaesme 085 (A5 By pgl 4 bl
gl S50 Py e e pliee elul » (V7A7)
W3 Fee Sl ojlal wlal g Bgpigre d, S
51o,S slas (VAYY) Carlson o5 )15 g 54
Sl 03y i 00805l Jdg)lS a5 olg)]

D9 oolitul jasll adgl HeSB laie @ ) 51zl

-
LoYb laasl o odes O 5l (S &gmmlSdy 3ol
Mirzajani et ) il o Gz ol o lailEog, 5
logels 5 OV s Gee o5 of b .@l., 2010
Slsdae slga 099 1 10 g ol qlio b amlis o
Sl Pyre 3 Japw Sl ppl gleasy
Nouri etal., ) a5 pd caml g 0 uS oo 58 So54055]
Sub )l Ysene ol gl S5 Cunig (2010
5 D) sty mé 5 (Red ) (s slaysse
Sass et al., ) wsd o 5oyl (Gos g Slaws
ey g5 el ol oy (2007
Jab 4w s 55 mls o5 ol olas Tyl

Jad jo g By gl Cumsg j0 s g smb (bl

\YY


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

ol 2 ooy Slellae 5 ad pne Jlo Jsbo o
IS GBS w005 SBsSn et sloyssl
S95s 42y (e (B 08T &S (b e b
5 03 oddd IS () layest elul s
55 s 5 e ) s Sl s o
O @ls (IS sk 4 09l e Cgmane By gl 4l
2 s oS amoie oLt iy Olalle o allas
ol sl bl SLebdl g 48,S 15 Gy gl al e
5 e o Lol alss Bl gdae dlge 39
Gore Ol 3l cbli> ol (B Smls 4 )ples
Sy a Oldlhae cpl 098 o Slpiion uizren ol
Sl b o5 plonil (locSy Jilas sloes0) Jlsie
sl o eanl il casr gple 5 s
R sy bayed slaglojle g ol laiore

=

S8

SIS 0 g S
Sz @ ,9aS Olhks 5 o, Kiegh 5l cule> g0is
bl kgls plale paass jole eS8 Jbo (1l
Sz 4 QhedS bl s Lo S o)l g bl
S5 g S 5)lop diges Dlgsl g Dliga (el

&bo

o3l ol AN AYN-8 0loiegyl ! (Lo 3 ylailiw!
9 8 losbiw] duwge Lol e boniim oy yiSu-dsls
P oY Oyl Sxeo Sladss
http://standard.isiri.gov.ir

S35 Lulrh oy VAR cp g paiin 9 .z L
Sy yhod Slosliial ksl oliln S VB
o )5 Slision . gad )5 a2l 5 Sliges) ol
AFANYE . (HA S

o (SBo—oxo b .z A‘SA-UT)Q—-MJ “& o Sle—>
Sy WAV g g b § 20 (6 y9iiio
O Srds jo sladd g ol o clale Sl - Sl
A=V ) baoms (wiiges 5 pole

\YO

o hE S ey 9 S s g ShadoiS Ges
Sl wl (ddg)lS polie s wws 50 S50
4o (Carlson, 1977) sei oolitw! Sidg 5 > cyunns
el Gl FUBe ol ged 5 (a3l b aba
G odzg bbbl el cand ioie IS eSU
ol ool s o5 o950 o 5 5l slogh s
9 ML"SO d5).'5| Le d?}"ﬁ)“ 00gdZta 4O C.J.’> aS ol
Ol b i sST Gl Sl 5 FE8S Cupde 5 J5S
SLOESgd 4 bayye il Judg k5 ol (55,5
Hosmani .cool axb,o i Sdg gl el g i
4 Wlg g Jdg S (g uSoslail a5 5 ls sasde (Yo +)
Sy el o aib gl Lol asls o lee
Oliee o yiin g oolatwl azl o o Slae blaul 4
6 ah oot sy b bl Jead s T L IS
a5 olial Jad o O gles Saalidl s 4 wilgs o
sl GeSlgis L slaeg,S il ol e
3 - b, S il aS el oads ol 50 Slalllae Lo
4 ol ghe Oyl azys Bl L S osix oje>
cble ol s (Nezling 2005) o) o 095 iSlas
Ol 450 Sl b 5 i g 5wl 5o Tl kS
Vs JeS Oyl az o il e Salen Ol (s
aS ol b g S g o ol bYMS waiss
e 5 $B98 slaay 4 (sdne Slge 9959 Rl s
OFSDL S 0oy g HeSDLgLd ah) E5 Gl

Db e (Ve - 0) Nezlin cladllas b gllas 45 545 oo
2 s & Jebp IS Ll Sl 1 055 Sn o (s
S9d oo Cgwie by lakize )0 (Al S e
i 99,9 (Shahrban and Etemad Shahid, 2010)
@ ilg oo Sl glacdled 5 )b 5l sdie slge 0>
g 03ld st ) (ormb Wg) Sep (2 JB Ol
S o8 Sads Glusgas 4 azg b oogd ioli8l cels
Gos (o 9 5))laS 6 b Sl NSl 895 alex
S3glsST 4z sk losl 5l 03g pgas oSl
OHSer 5 Slex) P Sl S5 s Sodzm
LSen o e AYAF ()] en 5 Slema ITAY
«Karbassi and Amirnezhad, 2004 «\Yav
Jd9,05 YU )l samline (Sharbaty et al., 2010


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

ol Pl caras 2L

olKes 5 L

Shlas! (gl adz) ol cwdige IYAA (€ (sawgo
Ao YAY g0 Ol o)l 05 Laa>

AVAY 7 60150585 9 - pp 0B o S oo

P s azle 0 (oS addi sy ol

S (G @Sl I p5 o b LS

S5 pake olSls tagsy el alxe cogudIS

=Y XY (@]

APHA  (American  Public  Health
Association), 2000. Standard Methods
for the Examination of Water and
Wastewater. APHA, Washington. 20th
Edition. 2462p.

APHA  (American  Public  Health
Association), 2005. Standard Methods
for the Examination of Water and Waste
Water. Washington DC,USA. 424 p.

Bukata, R.P., 2005. Satellite Monitoring of
Inland and Coastal Water Quality:
Retrospection,  Introspection,  Future
Directions. CRC Press, Ontario, 272 Pages.

Carlson, R.E. 1977. A trophic state index for
lakes. Limnology and Oceanography, 22:
361-369. DOI:10.4319/10.1977.22.2.0361

Cloern, J.E., Foster, S.Q. and Kleckner,
A.E., 2014. Phyto-plankton primary
production in the world’s estuarine-coastal
ecosystem. Biogeosciences, 11: 2477-2501.
DOI: 10.5194/bg-11-2477-2014.

Coelho, S., Gamito, S. and Perez-Ruzafa, A.,
2007. Trophic state of Foz de
Almargemcoastal lagoon (Algarve, South
Portugal) based on the water quality and the
phytoplankton ~ community.  Estuarine,
Coastal and Shelf Science, 71: 218-231.
DOI:10.1016/j.ecss.2006.07.017.

u.an .W"H “p ‘)L.\-"udsé 9.y "BM)Q.% “) 5‘5}'.0.’)
b plan of )3 e IS 2l bl 5 (Bo 5
ool ol3T ol Kisls odLs ala . b oLl o550
Y (V)P ‘)Q;l‘)olﬂ axlg
S pdyal 2yl 50 ol op)l5 5 (b slac]
Ga—ob olol e Sl3og, o uaiy, 5 25
olBily ¢yl jmos swiige caSCiily Lok | sl IS

C,u.baj L}.».».!.) -‘VQA 6.‘9 ‘@.w 3 .8 63)}-:5 6)'°lb
oa>le leslainl b (LLST o axl o o) )5 adss
5 Gl owsipe shegh sale aslilad (gl S
NeY-AY (YY)P o)

5 .‘ ‘8& 6.).8 s@l?‘})*ﬁ s.w sé)é‘e 6.8 ‘gs"%""'.’l":
LA arls Oless wy NFee (e (S
WYY sl b Sie axb e (TSh =S
SV (FYNY (OYB (6595msS T (sole 4y 25 ATAA

N-¥
“ﬂiv "lb'(.}“ “rl?a.c 3 .e sﬁm‘sj@]— c.tj “51?3.:
WSl 8 gk saslllan

PY-00 )Y 55l ook plabxe

& 4z )0 (oadlpl gyl e dy e wp T
FF el VB (B9 5 Cumdg (Dbl IFAY
Ligy e (TS aud IS asls 5l solawl b
YAY) YA ool O

ey P 9.) ( FlowmdsS gl g (S awe
() E— g S S )y p IYAP
Ol godgasee (LS S mls sln(y5iSidl g2
YN0 )V el ool pgy aloes . lilS

b a8l oz (59 lw ooly Al pai o I
LS T g orme oy 2lime oT Sl
Ol S il VAT o ylaswgd g g8 o SU

L oz ol s azl,e olSads sasay
LS;":' ua.‘>L....' 9 U‘)"‘ ;.)—‘ oS ua?l.w )l oolal

(YF olpl Ol ole alxe g 5 Sas
£4-Y4

\YF


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

Dastdaran, M., Morovvati, H., Arasteh,
AM., Azad, M.T. and Lary, K., 2017. A
Comprehensive Model Hydrodynamic and
Sediment in The Gorgan Bay. World
Journal of Environmental Biosciences, 6:
50-55. https:// environmentaljournals.org/
storage/models/article/

XY pFTtWpwucEfXSEhpfjilCOtXILFXU9e5
7UyGPahtWkCedjcQyRLgMPVLhAI/a-
comprehensive-model-hydrodynamic-and-
sediment-in-the-gorgan-bay.pdf

Field, C.B., Behrenfeld, M.J., Randerson,
J.T. and Falkowski, P., 1998. Primary
production of the bio-sphere: integrating
terrestrial and  oceanic  components.
Science, 281(5374):237-240.DOI:
10.1126/science.281.5374.237.

Hosmani, S.P., 2010. Trophic State Index in
Conservation of lake Ecosystems. Advances
in Plant Sciences,3, 593-596. DOI:
10.4329/131568500

Jackson, J.B.C., Kirby, M.X., Berger, W.H.,
Bjorndal, K.A., Botsford, LW,
Bourque, B.J., Bradbury, R.H., Cooke,
R., Erlandson, J., Estes, J.A., Hughes,
T.P., Kidwell, S., Lange, C.B., Lenihan,
H.S., Pandolfi, J.M., Peterson, C.K.,,
Steneck, R.S., Tegner, M.J. and Warner,
R.R., 2001. Historical overfishing and the
recent collapse of coastal ecosystems.
Science.  293:629-638. DOIl:  DOI:
10.1126/science.1059199

Jorgensen, S.E., 2003. The application of
models to find the relevance of residence
time in lake and reservoir management.
Journal of Limnology, 62: 16-20.
DOI:10.4081/jlimnol.2003.51.16

\YY

Kalytyte, D., 2007. Summer phytoplankton in
deep Lithuanian lakes, Ekologica. 53(4):
52-58. DOI: 10.1126/EK5374.237

Karbassi, A.R. and Amirnezhad, R., 2004.
Geochemistry of heavy metals and
sedimentation rate in a bay adjacent to the
Caspian Sea, International Journal of
Environmental Science and Technology,
1(3):191-198. DOI:10.1007/BF03325832

Khan, F.A. and Ansari, A.A. 2005.
Eutrophication: an ecological vision. The
Botanical  Review, 71(4): 449-482.
http://www.jstor.org/stable/4354503

Loreau, M., Naeem, S., Inchausti, P.,
Bengtsson, J., Grime, J.P., Hector, A.,
Hooper, D.U., Huston, M.A., Raffaelli,
D.G., Schimd, B.,Tilman, D. and Wardle,
D.A., 2001. Biodiversity and ecosystem
functioning: Current Knowledge Future
Challenges Science, 294: 804-808. DOI:
10.1126/science.1064088.

Mirzajani, A.R., Khodaparast Sharifi, H.,
Babaei, H., Abedini, A. and Dadai
Ghandi, A., 2010. Eutrophication trend of
Anzali wetland based on 1992-2002 data.
Journal of Environmental Studies, 35(52):
19-21. DOI:
20.1001.1.10258620.1388.35.52.7.1

Moncheva, S., Dontcheva, V., Shtereva, G.,
Kamburska, L., Malej, A. and
Gorinstein, S. 2002. Application of
eutrophication indices for assessment of
the Bulgarian Black Sea coastal ecosystem
ecological quality. Water Science and
Technology, 46(8): 19-28. DOI: 12420962

Nezlin, P., 2005. Patterns of seasonal and
interannual variability of remotely sensed


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

ol Pl caras 2L

olKes 5 L

chlorophyll. Springer, Berlin, Heidelberg,
157 p.
http://link.springer.com/content/pdf/10.100
7/698 5 _007.pdf

Nixon, S.W., 1995. Coastal marine
eutrophication: a definition, social causes,
and future concerns. Ophelia, 41: 199-219.
DOI: 10.1080/00785236.1995.10422044

Nixon, S.W., 2009. Eutrophication and the
macroscope. Hydrobiologia, 629: 5-19.
DOI: 10.1007/s10750-009-9759-z.

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.
Environment and Earth Science, 59: 1397-
1407. DOI: 10.1007/s12665-009-0126-1

Sass, G.Z., Creed, I.F., Bayley, S.E. and
Devito, K.J.,, 2007. Understanding
variation in trophic status of lakes on the
Boreal plain: A 20 year retrospective using
Landsat TM imagery. Remote Sensing of
Environment, 109: 127-141.
DOI:10.1016/j.rse.2006.12.010

Shahrban, M. and Etemad-Shahidi, A.,
2010. Classification of the Caspian Sea
coastal waters based on trophic index and
numerical analysis. Environment
Monitoring and Assessment. 164(1):349-
356. DOI: 10.1007/s10661-009-0897-6

Sharbaty, S., Imanpour, M.R. Gorgin S. and
Hosseini, S., 2010. The first phase of
simulation studies of short-term sea
currents in the Gorgan Bay, Research
Report, Gorgan University of Agricultural
Sciences and Natural Resources. 71p.

https://www.researchgate.net/publication/3
38372267_3-D_Simulation_of Wind-
Induced_Currents_Using MIKE_3 HS M
odel_in_the Caspian_Sea

Smith, V.H., 2007. Microbial diversity-
productivity  relationships in  aquatic
ecosystems. FEMS Microbial Ecology.
62:181-186. DOI: 10.1111/5.1574-
6941.2007.00381.x

Tusseau-Vuillemin, M.H., 2001. Do food
processing industries contribute to the

eutrophication of aquatic
systems?.Ecotoxicology and
Environmental  Safety. 50(2):143-152.
DOI: 10.1006/eesa.2001.2083.

\YA


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.4.8
https://isfj.ir/article-1-2556-fa.html

[ Downloaded from isfj.ir on 2025-07-04 ]

[ DOR: 20.1001.1.10261354.1401.31.2.4.8 ]

Iranian Scientific Fisheries Journal Vol. 31, No. 2

Evaluation of the Gorgan Bay trophy status with Carlson index (CTSI)

Maleki P.*; Patimar R.1"; Jafariyan H.*; Salmanmahiny A.2; Ghorbani R. ?; Gholizadeh M. %;
Harsij M. !

1-Department of Fisheries, Faculty of Agriculture and Natural Resources, Gonbad Kavous
University, Iran

2-Department of Fisheries and Environment, Gorgan University of Agricultural Sciences and
Natural Resources, Iran

*rpatimar@yahoo.com

Abstract

Over the past years, eutrophication due to human activities has been recognized as a major
ecological problem for the coastal areas, which in turn leads to significant changes in physico-
chemical and biological factors. The aim of the present study was to determine the
eutrophication status of the Gorgan Bay, which was evaluated using the Carlson index as one
of the efficient methods for assessing the eutrophication status of water bodies. The Gorgan
Bay is located in the southeast of the Caspian Sea. The sampling was carried out in 23 stations
with three replications seasonally from summer 2018 to spring 2019. Nitrate, phosphate,
chlorophyll a, depth, and transparency were measured in each sample. Carlson's index in
terms of chlorophyll a showed that the bay is in the eutrophic status in three seasons including
summer, autumn, and winter (with the numbers 53.48, 53.69, and 53.67, respectively), and the
mesotrophic status in spring (with the number 42.75). In terms of phosphate concentration,
the bay was eutrophic in autumn and winter, and in summer (69.22 and 55.17) and oligotroph
in spring (26.75 and 35.30), while in terms of transparency the bay was categorized as
eutrophic in all seasons (63.33, 61.61, 69.93 and 61.58, respectively). In general, the results
showed that the bay is in the range of mesotrophic to eutrophic status and therefore, more
conservation management of this unique ecosystem is essential.
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