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Bacillariophyta

+ + + + Actinocyclus ehrenbergii \
+ + + Actinocyclus paradoxus Y

+ Actinocyclussp. ¥

+ Actinocyclus tenellus £

+ Amphora commutata o

+ + + Amphora ovalis s
+ + + Amphora sp. v
+ Bacillaria paradoxa A

+ Calenois sp. q
+ + + Cerataulina pelagica Ve
+ + + Chaetocer os convolutus X
+ + + Chaetoceros diversicurvatus VY
+ Chaetoceros gracilis W

+ Chaetoceros minutisimus VF
+ n + + Chaetoceros mirabilis 10
+ + Chaetoceros muelleri \$
+ + + Chaetoceros peruvianus W
+ + + Chaetocerosrigidus A
+ Chaetoceros seiracanthus 4

+ + + Chaetoceros simplex Y.
+ + + Chaetoceros socialis 1)
+ + + Chaetoceros sp. Yy
+ Chaetoceros sp.¥ Yy
+ + + Chaetoceros subtilis e
+ + 4 Chaetoceros throndsenii Yo
+ + + Chaetocer os wighamii s
+ + + Cocconeis placentula Yy
+ Cocconeis skvortzowii A

+ + Cocconeis sp. Y4
+ + + + Coscinodiscus gigas Y.
+ + + + Coscinodiscus granii ¥y
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+ + + + Coscinodiscus jonesianus vy
+ + + + Coscinodiscus perforatus v
+ + Coscinodiscus proximus e
+ Coscinodiscus radiatus 5
+ + + Cyclotella caspica v
+ + + + Cyclotella menenghiniana .
+ Cymatopleura elliptica A
+ + + + Cymatopleura solea "
+ + Cymatopleurasp. f.
+ + + Cymbella cymbiformis £
+ Cymbella parva FY
+ + Cymbella sp. £y
+ + + Cymbella ventricosa (22
+ + + + Dactyliosolen fragilissima £
+ + + + Diatoma ochki £5
+ Diatoma sp. 2y,
+ + Diatoma vulgare A
+ + + Diploneis interrupta £q
+ Diploneis salinarum o
+ Diploneis subovalis o)
+ + Fragilaria capucina oY
+ + + Fragillaria sp. av
" Gomphonema olivaceum OF
n Gomphonema parvulum 5
+ + + Gyrosigma acuminatum N
+ + + + Gyrosigma attennuatum av
+ Gyrosigma baiealense oA
+ + Gyrosigma kuetzingii 84
+ Gyrosigma peisone N
+ + + Gyrosigma sp. 1
+ + Gyrosigma strigile sy
+ + + Melosira granulata sy
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+ + Melosira moniliformis sF
+ + Melosira sp. s
+ Melosira undulata s6
+ + + Meiosira varians sV
+ + + Navicula bombus SA
" Navicula costulata $q
n Navicula crucigera Vs
+ + + Navicula cryptocephala VA
+ Navicula cuspidata VY
n Navicula eliptica VY
n Navicula exigua V¥
+ + + Navicula gregaria Vo
+ + Navicula kotschyi v$
+ Navicula pupula v
+ Navicula radiosa YA
+ Navicula rostrata V4
+ + + + Navicula sp. A
+ + Navicula sp.2 A
+ + + + Nitzschia acicularis AY
+ + + + Nitzschia closterium AV
+ Nitzschia constricta A¥F
+ + Nitzchia distans AD
+ Nitzschia holsatica AS
+ + + + Nitzschia longissima AV
+ Nitzschia palea A
+ + Nitzschia parva A4
+ + + Nitzschia reversa q.
+ + Nitzschia sigma Q9
+ + + + Nitzschia sigmoidea qy
+ + + + Nitzschia sp. Q¥
+ + + Nitzschia sp.1 Q¥
+ + + + Nitzschia sp.2 a5
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T Nitzschia sp.3 48
T Nitzschia sp.4 v
+ + + Nitzschia sublinearis A
+ + + + Nitzschia tenuirostris 44
+ + Nitzschia tryblionella Voo
+ + + + Pleurosigma elongatum 1
+ Pleurosigmasp. oY
+ + + Pseudonitzschia seriata oy
T + Pseudonitzschia sp. \ F
T + + + Pseudosolenia calcaravis 100
+ + + Rhicosphenia curvata \of
+ Rhizosolenia alata 'RY
+ Rhizosolenia eriensis VoA
+ Rhizosolenia setigera 1.4
+ Rhizosolenia sp. 1
T + + Skeletonema costatum MY
T + + Skeletonema subsalsum 1Y
+ Stephanodiscusbinderuanus 1Y
T + + Stephanodiscus hantzschii \\F
+ + Stephanodiscus socialis 110
T + Stephanodiscus sp. \\$
T Synedra amphirhynchus VY
+ + + + synedra ulna VA
+ Surirella elegans 4
+ + Qurirellaovalis \Y.
I Surirella sp. Yy
+ Qurirella splendida \YY
+ + + + Thalassionema nitzschioides Yy
+ + + + Thalassiosira caspica \YF
+ Thalassiosira hustedtii 1Y
I Thalassiosira sp. \Y§
+ + + Thalassiosira variabilis \YY
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Pyrrophyta
T + + Dissodinium pseudolunula YA
+ + + + Exuviaella cordata Y4
+ + + + Exuviaella marina ¥
+ + + + Glenodinium behningii 1Y)
+ + + Glenodinium caspicum \YY
T + + Glenodinium danicum \ry
+ + + + Glenodinium lenticula \YF
+ + + + Glenodinium penardii ¥
+ + Glenodinium sp. \Y
+ Glenodinium sp.2 WY
+ + + Goniaulax digitale \FA
+ Goniaulax minima ¥4
T + Goniaulax monacantha \Fe
+ + + + Goniaulax polyedra \FY
+ + Goniaulax sp. VFY
T + + + Goniaulax spiniferum )FY
+ Gymnodinium lacustre \FY
+ + Gymnodinium sp. )
+ + + + Gymnodinium variabile Vs
+ Heteraulacus polyedricus \FY
+ Heterocapsa sp. \FA
+ Heterocapsa triquetra \¥4
T + + + Peridinium achromaticum 10+
T Peridinium cinctum 10
+ + + Peridinium latum \0Y
+ + + Peridinium sp. \ov
+ Peridinium sp.2 \of
T Peridinium sp.3 100
+ + + Peridinium subsalsum \of
T + + Peridinium trochoideum \ov
+ + + Prorocentrum micans \OA
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+ + + + Prorocentrum obtusum Y04
+ + + + Proraocentrum proximum V.
T + + + Prorocentrum scutellum 1§
+ Protoperidinium sp. \£Y

+ Protoperidinium sp.2 \lay

+ Protoperidiniumsp.3 \9F

Cyanophyta

T + Anabaena aphanizomenides 150
+ + + Anabaena bergii \5%
+ + + Anabaena kisselevii \ov
+ + Anabaenasp. VA

T Anabaena sphaerica 194
+ + + + Anabaena spiroides Ve
T + Anabaenopsis cunningtonii %
+ Anabaenopsis elenkinii VY

T Anabaenopsis nadsonii Wy
+ Anabaenopsi s racibor skii \VE

+ + Anabaenopsis sp. WO
T Aphanizominon flos-aqua \V§
+ + Aphanizominon sp. VWY
+ Aphanizomenon ussaczevii VA

+ + + + Aphanothece elabens %)
T + Aphanothece sp. YA
+ + Chroococcus sp. AN
+ Chroococcus turgidae \AY

T + Cylindrospermopsis sp. VAY
+ Dactylococcopsis raphidioides VAF

T Dactylococcopsis sp. YAD
T Gloeacapsa limnetica VAP
+ Gloeacapsasp. VAV

+ Gloeocapsa turgida \AA

+ Gomphosphaeria lacustres A4
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T + + Lyngbya limnetica 4.
T + + Lyngbya sp. 149
+ + + Merismopedia minima 14y
+ + Merismopedia punctata 14y
+ + Microcystis aeruginosa 14
+ + + + Microcystis sp. 140
T Nodularia harveyana 149
T + Nodularia spumigena \ay
+ Nostoc linckia V4A
+ + + Noctoc sp. 144
+ Oscillatoria agardhii Yoo
+ + + + Oscillatoria geminata \E
+ + + + Oscillatoria limosa oY
+ + + Oscillatoria sp. Yoy
+ Oscillatoria sp.2 Yof
+ Oscillatoria tangayikae Y
+ + Oscillatoria tenuis Y. 5
T Phormidium sp. YoV
+ + + Spirulina laxissima YA
T + Spirulina sp. ARE
+ Soirulina subtilissma Yy
+ Spirulina magor Y\
T + Synechococcu sp. VY

Chlorophyta

+ Acanthosphaera sp. Yy
+ Acanthosphaera zachariasii Y\F
+ + + Actinastrum hantzschii Y10
+ + Ankistrodesmus acicularis Y\$
+ Ankistrodesmus arcuatus YV
T Ankistrodesmus convolutus YA
T Ankistrodesmus sp. Y14
+ + + + Binuclearia lauterbornii Y.
+ + + Binuclearia sp. YY)
T Chlamydomonas ovalis YvY
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+ + + + Chlamydomonas sp. Yyy
+ + Chlorella sp. YYF

+ Chodatella chodati YYo

+ Chodatella ciliata YY$

+ Chodatellasp. Yyv

+ + Closterium sp. YYA

T + Coelastrum microporum YY4
I Coelastrum sp. Yy

+ Coelastrum sphaericum ¥y

+ Cosmarium botrytis Yy

+ Cosmarium circulare Yyy

+ + Cosmarium granatum YYF

+ Cosmarium quadrum Yo

+ + + Cosmarium sp. Yv$
T Crucigenia crucifera YYv
+ Crucigenia leautebornii YYA

+ Crucigenia quadrata Y4

+ Crucigenia tetrapedia YF.

T T Crucigenia sp. Y¥F)
+ Dictyosphaerium pulchellum YEY

T Eudorina sp. YFY
+ + Golenkinia paucispina YFF
T + Golenkinia sp. Y¥o
T Gonium pectorale Y¥$
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Abstract:

The project investigates the relationship between the biological parameters (phytoplankton, zooplankton,
Macrobenthic and ctenophore- Mnemiopsis leidyi) and environmental parameters, nutrients and environmental
pollutants (oil, pesticides, heavy metals, and detergents) in water and sediment, at the southern of Caspian Sea in
2010-2011. Sampling was carried out in four seasons (spring, summer, autumn and winter) and in eight transects
perpendicular to the coast (Astara, Anzali, Sefidroud, Tonekabon, Noshahr, Babolsar, Amir Abad and Bandar
Turkmen). Samples were collected from the different layers at depths of 5, 10, 20, 50 and 100 meters. The
relationship between biological and environmental parameters surveyed through parametric and multivariate
statistical methods.

Result showed that the annual mean of environmental parameters and nutrients concentration such as water
temperature, pH, transparency, DO, ammonium, nitrate, inorganic nitrogen (DIN), organic nitrogen (DON),
inorganic phosphorus (DIP), organic phosphorus (DOP) and soluble silicon (DSi) at euphotic layer were
16.70+£0.43 (°C), 8.38+0.01 (m), 5.48+0.05 (ml/1), 1.52+0.06 (uM), 1.80+0.08 (uM), 3.41+0.10 (uM), 43.3+0.9

(uM), 0.32+0.01 (uM), 0.52+0.02 (uM), 8.88+0.22 (LM), respectively.

Meanwhile, annual mean of environmental pollutant such as PAHs and OCPs in sediment were recorded
0.88+0.16 (ng/g.dw) and 9.78+2.20 (ng/g.dw), respectively. In addition, annual mean of heavy metals such as
Zn, Cu, Ni, Pb and Hg in sediment were obtained 247+46 (ng/g.dw), 29.5£1.5 (ug/g.dw), 49.944.9 (ng/g.dw)
and 0.179+0.800 (ng/g.dw), respectively.

Annual mean abundance of biological parameters namely phytoplankton, zooplankton and M. leidyi (0-20m) at
photic layer were 23817 (million cells/m’), 4808+362 (individuals/m’) and 26+3 (individuals /m’) respectively,
and for biomass were 747+60 (mg/m’), 44.3+5.0 (mg/m”), 2.15+0.31 (g/m*). Annual mean abundance of those
biological parameters at below of photic layer (50-100m) were 104+35 (million cells/m’), 843+92
(individuals/m®) and 241 (individuals /m’) respectively, and for biomass were 412+93 (mg/m*), 9.1+1.0
(mg/m?), 0.15+0.05 (g/m’). Annual mean abundance and biomass of macrobenthic were 5073+1225 (individuals
/m?) and 144+73 (g/m?), respectively. Annual mean annual percentage of TOM, Gravel, Sand and Silt-clay were
recorded 3.7440.26, 0.92+0.32 , 22.514+4.97 and 76.67+5.01, respectively.

The stratification of water column was strongly based on gradient of water temperature and the phenomenon
(difference of temperature between water layers) was more clear in this study compared to previous years.
Temperature and biological factors (phytoplankton) were effected on changes of dissolved oxygen at warm and
cold seasons summer and winter), but coefficient factor of temperature was higher than biological factors in
winter. The nutrients concentration (with the exception of inorganic phosphorus) in different years 2008-2009,
2009-2010 and 2010-2011 increased compared to 1995-1996 (the year of stability of ecosystem). One of the
reason attribute to the presence of the ctenophore (M. leidyi) in Caspian Sea after 1999. The annual correlation of
phytoplankton abundance and temperature was reversed but seasonal pattern was varied at each season (within a
year). In this study, the Caspian Sea contained the conditions of nitrogen limitation (55%) and nitrogen-
phosphorus limitation (6-43%) as well as phosphate limitation (2-39%) (DIN/DIP>20) . Inspite of no silica
limitation (sufficient concentration of silica) in the Caspian ecosystem, Bacillariophyta was not dominance
phylum at whole seasons.It seems that other factors such as the temperature changes of seasons, the effects of
predation and feeding of the next chains of the food chain, the difference of the ability in the growth and
reproduction, competition (uptake of nutrients) in dfferent groups of phytoplankton and stoichiometry of the
nutrients (nitrogen and phosphorus) were caused of non-diatoms dominance at most seasons. As, Pyrrophyta
and Bacillariophyta were dominant at spring and winter, respectively and Cyanophyta was pre-dominant at
summer and autumn.

Multivariate analysis showed the significant correlation between Coppepoda and oxygen and water temperature
only. The other gropus of zooplankton did not show any significant correlation with environmental parameters.
It might be due to stronger effects of other parameters such as food and predators on different groups of
zooplankton at each season and abundance of zooplankton groups indirectly affected by environmental
parameters. In this study, Shannon diversity indices of zooplankton and phytoplankton were closer to 1995-96
values and showed diferent trend compared to 2009-2010. However it is not enough reason for recovery of
ecosystem in to the stability of Caspian Sea. It is because of other negative evidiance such as strong increasing
trend of phytoplankton to zooplankton biomass ratio in all seasons and regions particularly the 2009-2010 and
2010-2011 years compared to 1995-96 (the year of stable ecosystem). In the other word, the balance between the
biomass of the first and second of the food chain has been disturbed and the value was much much higher than
the year of stable ecosystem in 1995-96. Based on multivariate analyses, there was not significant correlation
between zooplankton groups and some edible phytoplankton species, vise versa zooplankton groups consumed
some unsuitable species of phytoplankton (based on size, nutritional value, difficulty of digestion and
absorption, the potential of toxicity and harmfulness). The lack of expected relationship and routine rules of
nutritional between zooplankton and phytoplankton are the more resons of instability in the ecosystem.



VOV /o 28 (e Gy W0l 9 s 5ol oot ¢ g S5l

In current study, dominant group of macrobenthos (polychaeta) observed in depths less than 20 meters which the
percentage of silt-clay and sand were 74 and 26, respectively. It seems that this ratio of silt-caly and sand was
suitable for their living and accumulation. PCA analysis showed that increasing the percentage of TOM and silt-
clay accompanied to the decreasing of macrobenthos abundance while increasing the temperature, dissolved
oxygen and pH had a positive effect on macrobenthos abundance in most seasons. Increasing the abundance of
macrobenthos at all seasons (except spring) would not be a strong indication of improvement of Caspian
ecosystem after the ctenophore introduction stress and unfavorable evidence such as low Shannon diversity
index observe in the results. Meanwhile, in the present study, Streblospio and oligochaeta (invasive growth and
advantage to the food uptake and habitat and sediment seeding) similar to the years of 2008-2009, 2009-2010
still were dominant groups insteade of Gammaridae family (feeding on suspended solids). This means that
sediment has a noteworthy amount of organic matter which indicate to the trophic level of ecosystem tend to
eutrophy level.

The comparison of results on this study to previous studies on biological parameters (phytoplankton,
zooplankton and macrobenthos) indicating to the persistence of stress (such as biological and anthropogenic) on
their changing population patterns (quantitative relationships between species) and structural patterns (species
composition and seasonal succession of dominant species). In other words, many species (both macroscopic and
microscopic) of the Caspian Sea are still vulnerable to complications of stressor factors. In order to protection
and sustainable exploitation of this worth ecosystem it is necessary to look more serious studies and practical
techniques from the relevant organizations in this area.

Keywords: Environmental parameters and nutrients; Environmental pollutions; Phytoplankton; Zooplankton;
Ctenophore; Macrobenthic; Caspian Sea
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