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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)

099355 w1y - Judg L5
Sedgy gl by (Jlglp ey ke Slgld e, oo Gyl e, eSSle
(of cds) ol BsSh g9y 10 o5 ko) (s £589 Jshw (gubme) (295l £oBy 10 o F ko) b
(xS0 ko (xS0 50 53 (xS0 o
YA FAQ fr Y- AP Y/f8 b
Byygre -1 o -/f -5 -/f .17 s,
(Lo gio)
v 'Y Vo Y- Y Y7 Sbiws;
Byyore D i 1% S -/ -/ -1# 4,
(Lo gio)
Vo VIV v ¥Y- W V4 e
Byygye  -lF i 1% S -/ \ “IA 4,
(Lo
- A WY £ 72 YN Sleals
Gy pskdsl - \ \ \ \ f “IA a3,
(J©
k2 fov Y Y- £f \B By
By Soyesidyl  + IV I\ \ -/ .17 -/ -IA 4,
(e9>)
oy MY oy V- Y Y/ S5y
Byygye  -lF -1 -IA -/ .17 -/ 1% 4,
(Lo gi0)
00 a-A fA Y. Y. V/#a o
Gy jigye o5ulsl IV I\ n - 15 -V -IA s,
(<)

aA



Yo (V) Ve ool ol pale alae

Gb ol @lss ety Jy 0l sanlis e
"oST oS 09,5 0 (YV+) ke 3 Anderson
o515 (V444) Bartram 4 Chorus 5.k 5 aile S
O Jss) o @BsSS > 5l meS b o
Saaiss slaw 1l 5 )l Jpad )0 iz 2 S S
(YV+) oL, Ken 5 Anderson a3l ulol , a5
Sg UL"“""Q) k}..aB )‘ U’““" AW ‘5‘155.{.» 099l J)‘9

B9 Jgad plo 5l G Ol ;0 (218980
3 g ls cale 65,0 9> AYAV-AA la Lo L
)5 oo Y0¥ 5 YIA s 5y o(+/0) ails 5 A Saw
b lS lad (oSile dW elcansay caSo e o
Sl 34 Jaad asn 0 (Y4 ) +) o Kea g Thomalla
Grdyms Jdo 4 ad 3 13 LSS eogaome o
sl (Revilla et al., 2009) _Lsg,ls obgime
So)d g oSl oS1p g (sl oS S
Borja ) 5,5 )18 azgi 590 55 285K 58y Jlgl0
dilaie) 33 by, i adllae (et al., 2004
2 Salr beSs bl slbwl a5 ols olas (o,beS
OFSNgid oS15 (5eSileo b - LIS (5 Silo Gl
Syt 50 0dSES Lo slodisS slass a5 (59,lg0 o
o1y odes yidu eSS g Wb els LIl laaseS
PRTESS IRV RCSK SX PR HER
2B il a5 Lol adlhe ,o (VY5 ) Ken
bl dw y2 2SSl Gelal e g sl Jgad 5
(F Jsa2) 05Sdlsid oagiss g o515 -edg lS
Oyl alawlgdy 510 g0 1 S15 sdes W55 et
bl 28555 6l WFD b )8 IS5 e ais
ran g oo SASS (o515 g SIS (65,0 0> Jola
s s Veew cellsiml g A mgim® olie o3 ey
23l cnl g589 (Slol2 wo)s &S (Jyge 3 g o 4T
4 bugie 5l Ol CedS wad iy aope Ye-0
as (Borja et al., 2004) &S o Jsp "o 4alb
ol dnslie 39y walss ol yen saie Slaslise b Yoo

A

S9d oo pymie solo 6 ol Cumb jo (Sl 2lBgSS
Ol sl oo ad ad ol s b Juee bl o oS
el (o)lse (g (grmb pinwsST S 5o sl
b 355 g a8 0590l Lol iy (o Jobss 4 olej (b
slacalld sl b elge 5l Sle Sadiay (gS0h g
5 shhe Olge Ll daodlols adss s 5l Sl
B oges Sgamme A Cenlond ool Sl s
ghos b iz b osalie ) Slis walss b (Sl
Slp oy Slogzge p oollasl 5 (o SIS 555 4
5 Slrose Groteln il & bape slacllld
wan Hypax a6 ,5bar Cad (S piuannsST o e
oxas ot i Lo 10 vue Gl 4 S dieS
g Sl uST g A, Sad a5 Can a3Y g Sl
Sbml 5 (2B o8y Bl Sl 5| ST Cundg
Anderson et ) 5,.5 1,8 il g bl 9,50 JSie
L Pseudonitzschia seriata «s.é>5 b .@l., 2002
Oley Jad po il e 53 Joko VAV og Ll
J9uz) "5 bawgia” 05,5 50 Sl 5 (V Jgo)
OFSM g (nl el 009r (2SS Glim (2 Setes ()
Fad 5oyl 5o Jobo VAT oS15 ) AYAY Lo o
cusls 8 el b osguce ;0 5 (s
sogamae a5, sae ) (Makhlough et al., 2019)
Cyclotella  slaaiss 0gi o 8l Sgllao o] oS5
,» Dactyliosolen fragilissima ; meneghiniana
s Pseudonitzschia seriata )l 5 ;lie) Jgab
oe 3 b, Prorocentrum cordata
(Jgad ads o (Thalassionema nitzschioides
,o Binuclearia lauterbornii 4 Oscillatoria sp.
895 Sl il oo 55 Jsb VeV e (ST L le
S oSle Sl sy e WS L
5 Jokw VYP) VWYAA JL s Oscillatoria sp.
LAYAY Jlo 5o 5 ab b gl b o (il s
9 WWAY (Gola) dwlcwsas Sl jo Lpals ol Ve
WSy 58l 8 (OYAV-9A) Lols asllas o (VY40
2 G hea o Jsko V) Galidl (Sl L a5s5 ol



s Sala (LS Janiliy (s

OLlSen 5 Golas

OIS e 5o sk e AN 5 S yie jo 0,5 e
ol LIl Los Glises by o ,e80e slowlie
iz e beteewsST ple bl JA asils
sdel Cawdts slaodgaze Jg citwd owlie sloal,
Sdg,5 @lises ol jo olacl sogase Dglas 4y 4z g5 4
592 bS] plo b 2l asllla) ,35 (sbyo
1 sladhie sla wbie 5l solaiwl cownl Slo (O

2 s de Hlade aS wes oo lis N Jgux b eogase
5 Andersson aslle jo " LBeSs (ST ," esgame

Gi0g,S ok I 0gh e adaie (V2 0) ()l
o 455 oSl el OT iS5 WRD
5 Jsad 5l Sz o Pseudonitzschia seriata

aled 95 (e aalsd & jgo 4y a5 09 My dil
Oolite ilize gladame ,o byl g e polie
2 0SS oS5 gz pe lade (Jle gl tul
VO Olie s pleSe anild Jlod 5 ST Sy
& e S Jl> o Cwlesgy i s ok Jlie
s VIVY i g 99 Sglite ol g9 cnl 5o Jedg)lS
Revillaetal., ) ool casss caSo e ,0 0,5 Jo FIPV
VY s a5 by Glp gz e polie ol (2009

&1 s 58 (xS yio 53 )5 (wo) T- Judg b5 Clale (puSiloo (il 3 (Sudgyi ol (gaiaainb :0 Jgu

Table 5: Classification of trophic levels based on Chl-a concentration (mg/m’) at different water
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Table 6: Annual fluctuation trend of trophic levels in the Iranian coastal of Caspian Sea' based
on phytoplankton parameters
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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/m3), 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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