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Figure 1: Map of sampling stations at different transects and depths (less than 30 m) in the southern of Caspian Sea
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Table 1: Different methods of algal bloom determination based on Chl-a concentration and phytoplankton abundance
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Table 2: Dominant species of phytoplankton (cell/ml) at different seasons and regions in the surface waters of
southern Caspian Sea at less than 30 m depths (2018-2019)
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Figure 2: Fluctuation of Chl-a at different seasons and regions in the Iranian coastal of Caspian Sea (2018-2019)
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Table 3: Fluctuation range of Chl-a concentration, phytoplankton biomass and abundance at different trophic states
in the Iranian coastal of Caspian Sea during 1996-1997, 2009-2010, 2013-2014, and 2018-2019
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Table 4: Seasonal fluctuation of trophic states based on Chl-a concentration, phytoplankton biomass and abundance
in the Iranian coastal of Caspian Sea (2018-2019)
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Table 5: Classification of trophic levels based on Chl-a concentration (mg/m’) at different water
ecosystems
& Seyg  Borg-gr Bgdgr  Bgpgr-oXdgl  Bg,ieSlgl
Carr et al., 2006 > AR - N< b gl
Vollenweider &  A-va - YI0-A - Y/o< Sl ol g o3l gb o
Kerekes, 1982
OECD, 1982 . - ¥/e-%14 YN-Y/4 Y/e< oyl sl
Ignatiades, 1998 - - - - oY=\ o5l Gb o Lo
ol anlllas - - Y/\P> VeA-YI\F V/evs 237 by oo

9 Yool w;" 3o a_ids).: C.‘a.w TRIXcs ua?Lw
Soslodgy Bgygie 9 Beim wuiia Veoo Jl
e sl (Nasrollahzaseh Saravi et al., 2008)
Pl ol CutsS G 0 ST lalae e

DSl o e )35 by
Aigee gyl 5l ez polie l Jol> Slasloe
Fiar yo a8 ol Glas (F g ¥ Jslaz) 09SO gid
oS syl 535 slys Of (Gl j2a) Jlo Jsad
om) S Sl gley Sl cwl o0y lawgie
P by (B S 0 Sdyp mhe (e
o oaslie 55 (1YA8) o Kan 5 sl axli

Jd5 15 Sy (s oy L (V-NY) Jamalomoidi
b a5 Wl Glid 35 slyd g 0js (b Y
OYAY-AA bl b plae) Yoe¥=Yeeq sla Lo
o5 ko TIVA iz &0 oIS ailals (il 25
dos U 0l e dosd 09u>) CawsS] oo [0 S e o
AYAY GlaJlo o Ll andllae ,o .ol 039s (92 p0
L) oo 5 pae Sel> SBsSs 45 VYAA 5 1YVAD
S Ll 3 b (Rl L bl 25l 50 (Slans walsd
YIVYs YIYQ YUY ol pas JadonlS (eSiboe s ,S
Cble 4 polie ol sl 039 cuSeyte ;o )5 koo
Seop polo aslllas )3 59Sde (slaosgacme )3 fdg)lS
5 e wled alul r enl S5 oLLs sl


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

Yo (V) Ve Ol ol pale alas

o, (Nasrollahzadeh Saravi et al., 2011)
ool Gl cun e cbla> JBwo )l asl
oo SLIY Jgaz) a2 o polie Gulul 55 gbyo

X9 Sl e Kby e (glasl o)
5 9% (5% CuiS) By ia3esSdsl 09,5 j0 )35 gbyo
CetsS) Jomb S Ak SO0 635 e 4l o
ol CuiS plai al gandib By Ssie ;0 5 (Lawgle
2 0 4l g0 4 Cad 535 gbpo 5 e 4l o
ras S olSs gl £58 4 azgi b ol aslllas
YWWA. ans Blgl o (eedr w2led L) (Sl

9Ny b (5 oyl olusl '35 (550 Sl S lgms (Sordg i b (Sl Gy Sl g P Sy

Table 6: Annual fluctuation trend of trophic levels in the Iranian coastal of Caspian Sea* based
on phytoplankton parameters

‘fj’if:“ ol 45 555 o515 T- duds s J
. . Ol
Sgams T s T s ek
LSO 5 BsSs £93 ” SbSD ey p
(oS e (GaSe e
(e
Y- VE9 vs Y. - - WYa
Bg,595d sl -/ /A \ 1A \ - - as,
()
A 044 Y VAR - - WAA
Gy ispe 10 -If “IA ¥ IA - - as,
(fawsgie)
f $1Y ts YY'f ) AR way
By igpe 55l <A -If “IA -I¥ I /¥ .15 a,
(9)
A oy A Yf. A YNF AFav-aA
B57950 i -If <IA -If N ¥ .5 s,
(o gi0)
85 9o (B 5 S5 i) 537 Sbyd e IS ) sl paiged i)
AR


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

e Sl (2l S8 Jaily (aaas

OLKea 5 3slas

Cyclotella meneghiniana) Sle 3 ey
Binuclearia 4 Thalassionema nitzschioides
3ol e Jgad i o (lauterbornii
035 O5SMgd g lEle Nl Gla Sy e
ol a8 ey e ey (1T ) Sen 5 elste) Cenl
WAL Jlo 5o o515 olaii 51 o cosllae (slaaiyS
2 8515 BRI sl 1) omlie Cas 3 (1TAY L 3obne)
b Ll ailos gl cavods (ol anlllas) VYA ans 5l
Sl o g, 5> Kby 3 s I3 oS s as
Uy SRl cez o 1) ) b glojlaie
Dad g8 e GlaShlr QB 6lp pieesS]
) p fge Jelse oS sl ¥ Ll cnl jo addu o
S pgata) (3 dlge 39,9 Jod 5l (Sl 2S5
S 5 Oylls cov paawsST 4 (Sladl cdlad
R BUCRTAC

&bo

9 Sideae ojen VA e L (S
OYVO-YE) )35 shys @92 o)™ S59lomg e
damge 35 by obpl GielsST eaSimgy
azmao VF ool pl O Sladss

¢ i oian b IYAR wgpw ()8
0j9> e Cuw) lSogl 5 (Siolgmg e
0aSi g 15yl YAV Jlo o 555 6 by oy
amio VY 35 sys 39l

G599 0w slrosls Jd= g a3 AYAQ “z ‘sLmié
AYV-AD Gldls (b )35 byo 590smg e g
Ao VA7 33 gh o (655551 0aSiimgy 15l

sl 5 olos €555 oy 0590 ATAY o (Galo
Jlo 0 555 by ez ojem yo (5SdLgnd
e 3 Sl Gl 3955T oaStagsy A TAA
Asio VA7 ol odd aldass

Corer Seolns 5 o515 cwyp IVAD T (Folso
2 Sl 2Bl smay p aSE LS gd
ouSipgh IYAY Jlo o 35 by o adhis

33 SajelsST Sl gl )35 sbys & ITVE o o
Gb O cuaS ((IYAY (e § g9yl o0l5 Al pai)
3 Sody e casle 13" e 09,8 0 F Jgax
Sl CoS g Sy SBygre 4y GRIBEIYA L
TRIXCS by 5 (asls Graliflcdly Ghals (lawsie)
(8 damd @ Cad VWAL Lo o o cuaS pels
ol,Ken 4 Nasrollahzadeh Saravi asla. o
sya Jlo A al) lass cpl il s le 58 (V< VA)
5 55 &by ,o (Mnemiopsis leidyi) i) o>l
bgiyo piamssST cnl (Gu) jef g (G Jelye 2 5]
oLy Slpss wlal p s OYAD) Lad axiusls
A sladls b Sy gy slaisS gy
& SepsSdl 5l 1 Sidsy gl Gl VY

ged Gl By gy
Flgl o a5 ols las Lol gudon jo Lo g adlae
azdly pals by 5 maw (VYAY Jlo ,0) Y¥A- ams
Lol il olis )| "ogs" 4 O CuiS 5 (Bg 55 0950s))
5 Sedg i phaw (il (VFAV-0A) VYA ams 55l o
Sl o gy Gl 8 S50 O SuiS ials
(Byigmare & Sepssl 5 555 by Sedy s mlaw
SOYYO-AA sl b b TRIXCS asls wlul
5 (Y*\A) o), 4 Nasrollahzadeh Saravi aslas
WS olo js OTA9) (LKes 5 g9,k ool al pai
Jod Gl slaazls Sy 9 Coje ek
Sfes 51 IS sles a0l CodsS 5 Sodg 5 o
i &5 Cesl soma Lol (las die) 50 S|
o wnle gl pRea Gl 1) phesS] Condy
G s g 4 sl @l 4 bpasls (S)le
el 5 2525 g s (B o] mlie 5 Sy apme
(CEQG, 2001) coud p3¥ 3 als <zl g Jalge
R L R e R T AR
JL ,o (Borja et al., 2004) o>l 5 o5 sloasss
Gl (oo g e sladisS g9 1alS (ol aslllas
NS S g 6515 gl o515 S8 lie duo)s
Jas ,o Pseudonitzschia seriata cow g yae 4345
Colhe slaaisS g9 g @S5 oy RIB) (Gl


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

Yo (V) Ve Ol ol pale alas

Artebjerg, G., 2001. Eutrophication in
Europe’s coastal waters. EEA publisher,
Copenhagen, 86 P.

Anderson, D.M., Glibert, P.M. and
Burkholde, G.M., 2002. Harmful Algal
Blooms and Eutrophication: Nutrient
Sources, Composition, and Consequences.
Estuaries Research Federation, 25(4b):
704-726.

Anderson, C.R., Sapiano, M.R.P., Bala
Krishna, M.B., Long, W., Tango, P.J.,
Christopher, W.B. and Raghu, M., 2010.
Predicting potentially toxigenic Pseudo-
nitzschia blooms in the Chesapeake Bay.
Journal of Marine Systems, 83(3-4):127-
140. DOI: 10.1016/j.jmarsys.2010.04.003.

APHA (American Public Health
Association), 2005. Standard method for
examination of water and wastewater.
Washington. USA: American Public Health
Association Publisher, 18" edition, 1113 P.

Borja, A., Franco, J., Valencia, V., Bald, J.,
Muxika, 1., Belzunce, M.J. and Solaun,
O., 2004. Implementation of the European
water framework directive from the Basque
Country (northern Spain): a methodological
approach. Marine Pollution Bulletin, 48:
209-218. DOI:
10.1016/j.marpolbul.2003.12.001.

Carr, M.E., Friedrichs, M.A.M., Schmeltz,
M., Aita, M.N., Antoine, D. and Arrigo,
K.R., 2006. A comparison of global
estimates of marine primary production

from ocean color. Deep Sea Research I,

s Do dannsgo 3% sbyd bl 39l55]
i AY o))

cy gy T sarlw ool dlpai T (gl
ran g oo Sl S (Brae WA oy (S,
039 Sl Uols lel o peSMsd oz
V=AY A0 (s pole alome )55 sbyo (9

e gl ez wsolw 00l) Wlpai T Lsle
s APAS oy ol LSy B o sodhasl
5 oy bl Of CulS (g30e b
o) olLlS— sbye ey e Sl
) T8 oolnl odd ale abme (s
DOI: 10.22092/1SFJ.2018.115691.v4

BT 5.1 (295 .7 59yl 00l Wl s T (Ggloe
Golizle ¥l Ol asdlas IVAR g .gpudo
oj9> 3 2l CudS blazul lp gSdLsd
Wolys bl Cans aee 35 Gl o9
A-VF (FF)

S3elas0en 059 n Tk IVAY g g9 lw o0l Al pai
039> (shume Sy leSodll 5 Siglsmg e ¢
oaSiey is)lw VAL Jlo jo 555 bys (o
SNt pole DlAERS dusge )33 5Ly (S39)5S]
i YYY (jgiS

) gy ol @glie oz ggsle odl) Alpai
o (BT U5 9 (U QS oS oled
9S8 lizel g OlS Cundg asdlae NYAF
b Gl bl 2 (Olnl Jolew) 555 sbys
ol Comy (ool ale (9SO e
FEYY (YA jlaal o

& csanle T (Golke vz oyl ooly Al pa
Olyss IVAR o ooy 50,15 9. y.8 0yl 50
(TRIXCS) (Sdsy mhaw asls JlSe- o
Bble et g (UNTRIX) (g0l g S
2 S sreh sl ekl byl cos
ole Gy e 3> sbys (peix 0je> Jolgw
St b 5 ool ol


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

e Sl (2l S8 Jaily (aaas

OLKea 5 3slas

53:741-770. DOI:
10.1016/j.dsr2.2006.01.028.

CEQG (Canadian Environmental Quality
Guidelines), 2001. Canadian Council of
Ministers of the Environment. Excerpt from
Publication No. 1299; ISBN 1-896997-34-
1.13P.

Chorus, 1. and Bartram, J., 1999. Toxic
cyanobacteria in water, a guide to their
public health consequences, monitoring and
management. London: UK. E&FN Son, 400
P.

Cullen, J.J., 2008. Observation and prediction
of harmful algal blooms. In: M. Babin, C.
S. Roester, J.J. Cullen, eds. Real-time
coastal observing system for marine
ecosystem dynamics and harmful algal
blooms: theory, Instrument and Modeling.
UNESCO, Paris. 41 P.

Habit, R.N. and Pankow, H., 1976.
Algenflora der Ostsee Il, Plankton. Gustav
Fischer Verlag. Germany: Jena University
Rostock Publication. 385 P.

Ignatiades, L., 1998. The productive and
optical status of the oligotrophic waters of
the Southern Aegean Sea (Cretan Sea),
Eastern Mediterranean. Journal of Plankton
Research, 20: 985-995. DOl:
10.1093/plankt/20.5.985.

Jamalomidi, M., 2013. Temporal changes of
surface chlorophyll in south of Caspian Sea
based on data gained by MODIS of
Agquasatellite. International Journal of
Agriculture and Crop Sciences, 5(12):1269-
1275.

Makhlough, A., Nasrollahzadeh Saravi, H.,
Eslami, F. and Keyhansani, A.R., 2019.
Scale characteristics of the bloom event: A
Case study in the Iranian Coastal Waters of
Southern Caspian Sea. lranian Journal of
Fisheries Sciences, 18(1):124-139. DOI:
10.22092/ijfs.2018.117600.

Nasrollahzadeh, H. S., Din, Z. B., Foong, S.
Y. and Makhlough, A., 2008. Trophic
status of the Iranian Caspian Sea based on
water quality parameters and phytoplankton
diversity. Continental Shelf Research,
28:1153- 1165. DOI:
10.1016/j.csr.2008.02.015.

Nasrollahzadeh, H.S, Makhlough, A,
Pourgholam, R, Vahedi, F, Qangermeh,
A. and Foong, S., 2011. The study of
Nodularia spumigena bloom event in the
southern Caspian Sea. Applied Ecology and
Environmental Research, 1623:141-155.
DOI:10.15666/aeer/1201_001011.

Nasrollahzadeh Saravi, H., Pourang, N.,
Foong, S.Y. and Makhlough, A., 2018.
Eutrophication and trophic status using
different indices: A study in the Iranian
coastal waters of the Caspian Sea. lranian
Journal of Fisheries Sciences, DOI:
10.22092/ijfs.2018.117717.

OECD (Organization for  Economic
Cooperation and Development), 1982.
Eutrophication of Waters, Monitoring,
Assessment and Control. OECD
Publication, Paris. 154 P.

Patin, S.A., 1997. Ecological problems of the
off-shore oil-gas resources development.


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

Yo (V) Ve Ol ol pale alas

Public house of Vniro. Moscow, Russia.
350 P.

Proshkina-Lavrenko, A.l. and Makarova,
1.V., 1968. Plankton Algae of the Caspian
Sea. Leningrad, Nauka: L. Science. 291 P.
(in Russian)

Revilla, M., Franco, J., Bald, J., Borja, A.,
Seoane and S. and Valencia, V., 2009.
Assessment of the phytoplankton ecological
status in the Basque coast (northern Spain)
according to the FEuropean Water
Framework Directive. Journal of Sea
Research, 61:60-67.
DOI:10.1016/j.seares.2008.05.009.

Taylor, C.G.N.M., Madsen, H. and
Mohamed, G.H., 1995. Data handling and
biostatistics: Use of SPSS for Windows,
University of Cambridge, 196 P.

Thomalla, S.J., Fauchereau, N., Swart, S.
and Monterio, P.M.S., 2011. Regional
scale chracteristics of the seasonal cycle of
chlorophyll in the Southern Ocean.
Biogeosciences, 8: 2849-2866.
DOI:10.5194/bgd-8-4763-2011.

Vollenweider, R.A. and Kerekes, J., 1982.
Eutrophication of Waters: Monitoring,
Assessment and Control. Report of the
OECD  Cooperative  Programme  on
Eutrophication.  Organization for the
Economic Development and Co-operation,
Paris. 250 P.

Wehr, J.D. and Sheath. R.G., 2003.
Freshwater Algae of North America:
Ecology and  Classification.  USA:
Academic Press. 950 P.


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.9.4
https://isfj.ir/article-1-2410-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

[ DOR: 20.1001.1.10261354.1400.30.1.9.4 ]

Iranian Scientific Fisheries Journal Vol.30, No.1

Determination of algal bloom potential and water quality based on chlorophyll-a,
abundance and biomass of phytoplankton in the coastal waters of southern Caspian Sea
(2018-2019)

Makhlough A.!; Nasrollahzadeh Saravi H.'"; Roohi A.Gh.}; Aghaei-Moghadam A.A.%;
Kayhan-Sani A.R.!

“hnsaravi@gmail.com

1-Caspian Sea Ecology Research Center (CSERC), Iranian Fisheries Science Research Institute
(IFSRI), Agricultural Research, Education and Extension Organization (AREEO), Sari, Iran

2- Inland Aquatic Reserves Research Center, Iranian Fisheries Science Research Institute (IFSRI),
Agricultural Research, Education and Extension Organization (AREEQO), Gorgan, Iran

Abstract

In the last two decades, the Caspian Sea has faced various ecological events, such as harmful algal
blooms and increasing in the trophic level. It is necessary to conduct monitoring studies in this water
body, because of applying the Caspian Sea for fisheries activities. The objectives of the present paper
are the study of algal bloom potential and trophic level in the Iranian coastal of southern Caspian Sea
up to 30m depth, during the year of 2018-2019 as well as the comparison of the obtained results to the
condition in previous years. Boundary lines for the beginning of blooms (annual median+5%) based
on the chlorophyll-a concentration, abundance, and biomass of phytoplankton were obtained 2.02
(mg/m®), 176 (million cells/m®), and 312 (mg/m®), respectively. The lowest percent frequency of
bloom (13%) was recorded in spring and summer based on the chlorophyll-a, abundance, and biomass
of phytoplankton, respectively. According to calculations based on the accumulation of the
aforementioned parameters, water has excellent quality (oligotrophic state) in summer and moderate
quality (mesotrophic state) in other seasons. An interannual study of trophic states showed
oligotrophic, mesotrophic, oligo-mesotrophic, and mesotrophic level in 1996-97, 2009-10, 2013-2014,
and 2018-2019, respectively. The highest seasonal abundance of species (187 cells/ml) was recorded
in Pseudonitzschia seriata. This species is considering a serious ecologic problem and decreasing
water quality in the winter season. The bloom potential of Pseudonitzschia seriata was obtained in the
“medium density” group. It should be noted that the increasing trend of inter-annual trophic levels is
the alarm of environmental health and show the ability of the ecosystem to thrive the harmful algal
blooms. The environmental alarm is more emphasized in the central region (with a history of
macroscopic toxic algal blooms) because the water quality in the central area (medium quality) was
lower than in the eastern and western areas.
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