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Figure 1: The geographic location of the sampling stations in
Gorgan Bay.
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Table 2: Various groups of zooplankton identified in Gorgan Bay.
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Fig 2: Percentage of zooplankton in study area.
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Figure 3: Percent abundance of zooplankton groups in different seasons.
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Figure 4: Mean zooplankton density (m®) in different
seasons.
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Figure 5: Seasonal distribution of zooplankton density
and biomass in Gorgan Bay
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Table 3: The mean distribution and abundance of zooplankton groups in different regions of Gorgan Bay.
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Figure 6:Cluster analysis of zooplankton at sampling stations.

20


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

s g slal Sy 555 (Slslo8 g aSIS s

OoKea 5 a5,

2 dlg e 535 by 4 Acartia o,y oy bl
ol lidl Lol sl amsls 31 slale ol3é o)
o Calanipeda aquae dulcis 53 zalS oo
cyol> asllhs bl 4 a5 L (Yelizarenko, 1992)
\# JLA-AJ ra)f J}»aﬁ B 03 w 6Lm445§ Slows u.u).a.m...u
O Jlos sy Jgad 10 ool cud soaiss (1 ieS g due
AW g il Lo b coniins alayl, a5 04 aisS
Spw g Ol g sl Jlo )5 Jgad e | olosie
O 50 (P 1eD) weo o plas by g 3l Jle
Slols doys s kel LT S Jol> s anllas
Gl Jpad o ollial o analie ;5 SO
Sl se WS (699,99 oy ddlaie (po aS sl Lis
d9>g Jdo 4 Al ddlaie (PP /0 0) cila sgzg
9 ey g Sl gl B Slal sl codled
B5S55 amaz g IS 15 il Jolge ial3i
e Sl (Krebs, 2001; Lamb et al, 2009)
E55 Lalis (P<+/+0) clls oy aghaie 4 Cond g
AL o n g i seges g opld slasS
Ll (IS sk 4 adbioe Su3gleST (o) z 5o
et b Wsdge Bdo g pat baisT (lae slo)lad
o oue ke ald s 0 s e o
b bl i od acles b Jg ol oo ialS azls

ol pwyp 5l Jol> mls (Lamb et al., 2009
daibie )3 eSOLg; e oS ol plas hgpels
38,55 1 (6 5eS e 31 0 dilaie g0 4 Cad Sl
Jed 5l LY Wilgs oo el asli jlade ralS g
9 9 9 $Ole BB Hpe (Sludl cudlad s92g
5o bl annly adlhie cpl jo i gleean YT 594
SESN 5 At sloog,S @515 5 035 m bl
S99 pS15 5 035 e I WS e Jad o
w15 5l Sl o3giny az ST P/ ) cuals
S r oS s JHo 4 dilgiee el l ol ealie
Jad jo ol Jad pl o cad cdmlie slaassS
A Ced 005035 5090 YU (B) S0 @ 4 b ol

Krebs, 2001; ) ab oo (iulj8l ol cpl goae lake

(NMDS) Sy yia yod (g 9z (5o (ledo ¥ JSL

6l paiged Loliiun! 53 (S 95
Figure 7: Non-Metric Multidimensional Scale
(n.MDS) of zooplankton at sampling stations.

(Hly (S (SDhglga) (S sy Sleloiz]

Copepoda 5| oI55 @l 555 sbyd ey ase>
SBse o esidgs; 51 4 Protozoa (Rotatoria

s Nereididae 5 Balanidae (5550 ,0)
OS¢ ple Jels 09,5 s 9 Pelecypod larva
ol o LIk 0g,5 Copepoda oo, ;b LSS e
2o, YV L Copepoda jol> asdllas ,o 04 iogh
Gloog,S plo & o 1) Gl seye
5 b bl Jpad po sl ansls S5
YA 5 ¥V YO L sy Slsl® aoyo o yiion lews)
Copepoda .col oo Acartia Sp. 4 bg e s,
o)) el by oS 05,8 (n ke
Ot pizen Sldllae el g VYA b
w3 oo (JSAS cae 3 g by el S8
s (Mauchline, 1998; Muxagata et al., 2012)
erssST o o gy plo b ol uisd sle aily
Kolo et al., 2001; Davies et al., ) ¢l alie
Geis o (2002; Ekwu and  Sikoki, 2005
wo>) OS5 @ls 0 (WWA7) jpedle 5 (Slooeos
5 Lolliwl sles ,o Copepoda (35 b, oo
@l elel n gwyn ol 5o &5 Al ey Joal
«l,ls Acartia sp. Copepoda bl axl> ;| Jol>
plos o e Lolul 5 bl oles jo Slgl o yien
s


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

Y o lad/ alda 5 s Jlo

Ol M gale lae

&b

) (P SIS T Sl D §Og0F0 o o5
adlas IVAY 7 (Gl eolpde
el Ol oed p Fee Jelse 5 erdisiisyn
Yookt O alr o olid esildl ame 5,8
Y-ty

QLQ“; ‘.‘;’ ‘Wﬂk\.& 6-8 “;0)10 ‘.G:J.'Q ‘OLM)
QwSl).s r Jya. s.é s)L:J Ain)ad 9 .& ‘@U
wr> skl ;o Mnemiopsis leidyi jls «ls
AP 1S ) Sl Sl dmga 535 gl
Aao AY Y-VE-V\Y-AF-0

‘.&.é “5»|3 6.0 6&.“)-1‘4’. G ¢ O‘)&J‘ 6.‘ ‘ ‘?B)
s,soyl.‘: ‘.c ‘L;“".’. ‘.| 660}‘3 6.&2).'9 soLz.D.;.W)
‘wLQJ" 6.8 6)L.H" 4‘”‘)&05 6.& ‘CSJU OLQ-; S
w.f‘); «won .“.‘AA c.'o.&;’ sM)% 9 'L’“d
oy skl ;o Mnemiopsis leidyi jls «ls
dao VFe Y- VY-V F-AFLYY

‘.t_é 66»‘9 @ “S)QU ‘.& 6&%‘@ 4.' s@’)
“5’")5| ‘.é “5;‘.0.1-&9 "& GM e ‘LS)-.&E 0-0::’5)
c.& “S)U.& ow c.' ‘éj-l.’.&o c.‘_’o “S)Blg s.é.P
‘.C 500‘} Aill)..w' ‘.C “sLoéé h‘.d.? céé)‘j
‘.e ‘)L.\‘; 4.“‘,4.; c.& ‘GS;U OLQ‘.’S ‘.J cO-\.LSJt').;
&SLD 6.C 4|)T C—iw 6.0 “;MH)-!.‘JD. (N 4&‘)&3
‘.C ‘Mﬁ‘b 4.& 6@‘?‘}# @ 4‘;‘.0.;;)
‘.'B 6@'% ‘.e.w GOQ‘} (./JLb 4.‘0 4@)&0
‘é.;ls L.& “5)\-\#:’ ‘.b c‘s;l? D00 ‘.J sGMJL.\.C
5.' 5@’}& 5 .e.d:? cL;Abb") 5.|B u)‘} W,ﬂ l..‘
J>lsws o Mnemiopsis leidyi s als Slol )3 4
Ol oM Slahod e 35 by Sl
oo YO AY=+ VY YEY .o oV as

5.8 ‘L;o)ﬁo "C céj)LuJ 00'} 41").«03 1..‘ Lij)
n.e 5)L33 Aill}.au' 5.8 5@8 C,LQ.:S 5.Q.|ﬁ LOW)
)Q)LY "é ‘Mﬁ‘b ")'é ‘Ql'.'.é}‘) s.‘ sé&é‘}

Y

el 45 5 00,5 o osalie Sl si; slaegS o515
Jad Gl jo SeSN slaaiss S (B Gi9 oo YL
Sl gre BB 3ul g bl Jgad jo Ll ol o
bl (PP 0) wis canlin ST g 000
S8 g @8 ;NS ol Glais Sea b SB1eS,
Ludwig and Reynolds, ) culaasss o ol
2B by b e G o abgsye alolee 3. (1988
baisS Jlsls a4z o wisl ool basS sl 3]
£95 Wil o 31 Joplag ke & b a3l sl
Fdolie LS Conexr 4z o g wbioe RS slS
SIS g 95 Wbl atble o b g keS gli g
olawi ( gwn) gloazl SO o b o il (glaisS
Syl gk laisS e (lyie a L laais
sl oe YU (Ludwig and Reynolds, 1988)
iy SosisS i 4y ol olSiual b Juab o sk
b sl +1AY asly ol iy sLé i ol by e
3o e a8 5 O ol alSl ailaie s
009 TV LV olCiunl (595,9 ailain )l Jad & Loy o
Sheog oypiie iz gy Sy lade (el el
Juls 5 4325 (Taylor and Baily, 1997) ol e
ey (Sl adlaie o ganaldes 5 oug
3O Gamgd slad G o 1) g b pdises slaelKins!
G dSs bl sl addllas o S oo hles IS0
ime Cond ¥ 4 g o pdigad oo Vo4 £
5 (Ol 5 52l) 0y Jgad o5 Lo ol ot fros
a8 S 18 oo 5l e b 4 (Gl 5 o) Jle o5
W a5 sl olis adllas ol 5l LS oS A ol
COpepoda o5, 1, a5l sij ol Como 5 e
SFSDhgh) @515 (r e ol JSaS 085wl s
ailie o oeild asls o easlie Gl Jab o
dgzg ol Gl aS og ke opeS lils Sl
sl BB Sl sbodls (dae bl

el aibaie cpl o (SliES g (o


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

o s s LAl SO B (Slold s SIS e

OoKea 5 a5,

Boltovskoy, D., 2000. South Atlantic
zooplankton. Netherlands: Backhuys
publisher, 210 p .

Clifford, H.T., Stephenson, W., 1975. An
introduction to numerical classification.
London: Academic Express. Cited in
Magurran, A. E., 2004. Measuring
biological diversity, Blackwell Publishing:
Oxford, UK. 256P.

Davies, O.A., Inko-Tariah, M.B. and
Aririsukwu. N.U., 2002. Distribution of
plankton populations in Elechi Creek
(Eagle Island) Niger Delta. Zoology
International Conference, Jan 14-18th 2002,
Ibadan

Ekwu, A. O., and Sikoki, F. D., 2005.
Preliminary checklist and distribution of
zooplankton in the lower Cross River
Estuary. Fisheries Society Conference. 14th
— 18th November 2005, Port Harcourt.

Gopakumar, G. and Santhosi, 1., 2009. Use
of copepods as live feed for larviculture of
damselfishes. Asian Fisheries Society, 22:
1-6.

Goswani, S.C., 2004. Zooplankton
methodology, Collection, & Identification—
a fief Manual. National institute of
Oceanography, Dona Paula, Goa, PP: 26.

Kolo, R.J. and Mani, I.A. and Musa, H.A.,
2003. Effects of different types of fertilizers
on plankton productivity in earthen
ponds. In: 16th Annual Conference of the
Fisheries Society of Nigeria (FISON) , 4-9
November 2001 ,Maiduguri, Nigeria, pp.
127-131.

GM)% 9 .G.é 6@@‘ ‘.&.é ‘@Xad ‘.'0 6@)
)‘O FH quo}».’ 9 @‘9‘)5 oy “‘ﬂ‘ s.f.&:)
sl s> 4k sMnemiopsis leidyi
CAVTA S ol oot Sliies dvcsge, 3>
Aoao YA AY-YVF-\Y-AQ-F

Sl ol by o s ialS e SYsb
NV ) bame (5999555 5 pole (55 mels
Xo -0

9 by o (GU grl r (SleY

5 olitgm) slo (a3l IWAR g (o 500

(oolid gl (5wl Show; alberds

FO-00 1) o ket Ao ¢ Jgl Jlo
sl (eSO IWAF g g e T o Lo

O s (S w5 sl es e

S5 o8l (559 Gl Arwg j0 g sla )l

FEFA N L pesolT asly o ol

031) Al i ol (29 ol (P9 & (o) (5850

(2hB b (Ml e (g0l Lz g9y

cp b gy wBp plaiw cgp

op o B g (U ol cp g

o WA oo (ol (5531 g <509 ylanbus

,» Mnemiopsis leidyi jls als wlog 5 Slsl,é

Ol Slidiod dwge 35 SbyS 294 0je>

oo PO AA-YE-VY-AA- YA 0S5

Abdel-Aziz, N.E., Gharib, S.M. and
Dorgham, M.M., 2006. The interaction b-
etween phytoplankton and zooplankton in a
Lake-Sea connection, Alexandria, Egypt.
International Journal of Oceans and
Oceanography, 1 (1): 151-165.

Birshtein, Y.A,, Vinogradov, L.G,,
Kondakova, N.N., Koun, M.S., Astakhva,
T.V. and Ramanova, N.N., 1968. Atlas of
invertebrates in the Caspian Sea.Mosko,
540 p. (in Russian)

FA


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

Y o lad/ aldia 5 s Jlo

Ol M gale alae

Krebs, C.J., 2001. Ecology, The experimental
analysis of distribution and abundance. 5th
ed. Benjamin Cummings, Menlo Park,
801P.

Lamb, E.G., Bayne, E., Holloway, G,.
Schieck, J., Boutin, S., Herbers, J. and
Haughland, D.L., 2009. Indices for
monitoring biodiversity change: Are some
more effective than others. Ecological
Indicators, 9: 432-444. DOI:
10.1016/j.ecolind.2008.06.001.

Ludwig, J.A. and Reynolds, J.F., 1988
.Statistical Ecology: A Primer on Methods
and Computing. New York, Wiley-
Interscience Publication, 337P.

Manolova, E.Q., 1964. Cladocera. Mosco:
Leningrad. P: 326. (in Russion)

Mauchline, J., 1998. The biology of calanoid
copepods. Advance Marine Biology, 33: 1-
170. DOI:10.1038/179325a0.

Muxagata, E., Amaral, W.J.A. and Barbosa,
C.N., 2012. Acartia tonsa production in the
Patos Lagoon estuary, Brazil. ICES Journal
of Marine Science, 69: 475-482.
DOI:10.1093/icesjms/fsr166

Petipa, L.S., 1952. Average weight of
zooplankton original from Black Sea.
Gevastop Biology, Pp. 37-39.

Pielou, E.C., 1969. An introduction to
mathematical ecology. New York. Wiley.
Cited in VIII + 286 S., 32 Abb., Preis 140s.
DOI: 10.1002/bimj.19710130308.

Postel, L., Fock, H. and Hagen, W., 2000.
Biomass and abundance. In RP Harris, PH
Wieb, J Lenz, HR Skjoldal, M Huntley,
eds. ICES zooplankton methodology

#4

manual. London: Academic Press, pp. 83-
174.

Roohi, A., Kideys, A. Sajjadi, A,
Hashemian, A., Pourgholam, R., Fazli,
H., Ganjian Khanari, A. and Eker-
Develi, E., 2010. Changes in biodiversity of
phytoplankton, zooplankton, fishes and
macrobenthos in the southern Caspian Sea
after the invasion of the ctenophore
Mnemiopsis leidyi. Biol Invasions, 12,

2343-2361. DOI:10.1007/s10530-009-
9648-4.
Rosenberyg, D.M., 2004, Biological

Monitoring of freshwater- benthic Macro
invertebrate, Background, Diversity and
Biotic Index, Taxa tolerance value, soil and
water conservation society of metro Halifax
(SWCSMH).

Shannon, C.E. and Weaner, W., 1949. The
mathematical theory of communication.
Urbana, IL: University of Illinois
Press.cited in Magurran, A. E., 2004,
measuring biological iversity, Blackwell
Publishing: Oxford, UK, 256P.

Souza, L.C., Branco, C.W.C. and Bonecker,
D. P., 2011. Zooplankton of an urban
coastal lagoon: composition and association
with environmental factors summer fish
kill. ~ Zoological  Studies, 28: 150.
DOI:10.1590/51984-467020110003 00010.

Taylor, B.R. and Baily, R.C., 1997. Technical
Evaluation on Methods for Benthic
invertebrates Data
Interpretation. AETE Project 2.1.3 prepared

Analysis and

for Canada Center for Mineral and Energy
Technology, Ottawa, Ontario.


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

s g slal Sy 555 (Slslo8 g aSIS s

OoKea 5 a5,

Yelizarenko, M. M., 1992. Feeding of kilka in
the Middle Caspian during the summer
season. In: Biological resources of the

Caspian Sea. Book of Abstracts of the Ist
International Conference, September 1992,
Astrakhan.


http://dx.doi.org/10.22092/ISFJ.2019.119008                           
https://dor.isc.ac/dor/20.1001.1.10261354.1398.28.2.16.9
http://isfj.ir/article-1-2162-fa.html

[ Downloaded from isfj.ir on 2025-08-02 ]

[ DOR: 20.1001.1.10261354.1398.28.2.16.9 ]

[ DOI: 10.22092/1SFJ.2019.119008

Iranian Scientific Fisheries Journal Vol.28, No.2

Investigating the density and frequency of zooplankton in the Southeastern Basin of the
Caspian Sea (Gorgan Bay)

Raeiji H.'; Gholizade M.*"; Patimar R.}, Taher Pursofi T.2
“Gholizade_mohammad@yahoo.com

1-Department Fisheries, Faculty of aquaculture and natural resource, University of Gonbad
Kavous University, Gonbad Kavous, Iran

2- Researcher of Inland waters Aquatic stocks research center, Iranian Fisheries Science
Research Institute (IFSRI), Agricultural Research Education and Extension Organization
(AREEO), Gorgan, Iran

Abstract

Zooplanktons have an important role in food chain of the aquatic ecosystems, which acts as a food
chain link between producers (phytoplankton) and higher nutritional levels. The purpose of this
research was to identify and study the zooplankton density in the southeastern basin of the Caspian
Sea (Gorgan Bay). Sampling was performed seasonally and samples were collected by zooplankton
net (36 cm and mesh size of 100um) with three replications from three areas including: pan-cultures,
Ashooradeh pier and entrance of sea water to the Bay. In this study, zooplankton groups belong to 16
species of 6 phylum were identified containing: Copepoda, Rotatoria, Protozoa, intermediate
zooplankton (zoobenthose) and a group including other zooplankton groups. The mean Shannon
diversity index during sampling time was 1.57+0.26, Margalef species richness index was 1.83+0.43,
and for the uniformity index was 0.69+0.12. The lowest Shannon Diversity Index was 1.12 in the
autumn station 6 was considered due to human activity, commuting boats (tourists and fish hunting),
and the oil pollutants in this region, and the highest Margalef index was 2.76 in the spring station 2
and the Pielou's evenness index was highest for the winter at station 5 (0.92). Cluster analysis and non-
metric multidimensional scaling showed the similarity of stations with each other based on abundance
distribution of species in two distinct groups. Finding of research could play an important role in
environmental protection in the Gorgan Bay.
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