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Abstract: The present study was conducted in southern part of Caspian Sea, Iran. All samples were taken
during 1995-1996 and 2006-2007 in 6 transects such as Lisar, Anzali, Sefidroud, Noushahr, Babolsar and
Amirabad. The phytoplankton compositions were significantly changed with seasons (P<0.05). In compare to
after Mnemiopsis leidyi arrival, the population of phytoplankton species were increased. Totally 195 species
were identified from 5 phyla such as Bacillariophyta, Cyanophyta, Pyrrophyta, Chlorophyta and
Euglenophyta. These stated 5 phyla were 91, 33, 23, 33 and 15 species, respectively. The most dominant group
was Bacillariophyta; among all species, majority of them related to Thalassionema nitzchoide specie. Also,
the phytoplankton species are shown significantly decreased with an increase of the depth. Maximum
phytoplankton species were concentrated at the depth of less than 20 m (P<0.05). During 2006-2007 (after M.
leidyi arrival), the phytoplankton are shown significant changes in diversity as seasonal variations (P<0.05).
The majority of phytoplankton in southern part of Caspian Sea were Cyanophyta, Pyrrophyta and
Bacillariophyta phyla.
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INTRODUCTION water  and  sea  water.  The  competitive  dominance  of

Biodiversity express the changeability among the homogeneous habitat, environmental stability and
living organisms from all sources counting as terrestrial, equilibrium conditions; if communities develop in non-
marine and brackish ecosystem and ecological multiparts equilibrium conditions, then competitive exclusion is
[1]. The Southern part of Caspian Sea has the largest prevented [4].
volume of 64% of the total volume  and  35% of  the  total In an investigation conducted by other researcher [5]
area of the sea. It is the deepest part of the sea with the about phytoplankton diversity in different ecosystems
depth of 1025 meters. The area enclosed water is around and the effects of various biotic and abiotic on their
144690 Km , with the average volume  of 48300Km  and population due to phytoplankton biomass, distribution2 3

the average depth is 300 meters. These information and species composition continuously changed with
characterizes and the circular movement of water in variations in environmental temperature and nutrient
southern part and hence phytoplankton are primarily availability. Numbers of researches [6, 7] have shown that
structured by the water elements, influenced by light the species compositions of phytoplankton are changed
intensity, the diversity which is different than the north on grazing pressure, tide, water movements. A rhythm of
and middle part of Caspian Sea. It is important to know water movement in different seasons and depth nutrient
about diversity, abundance and biomass of uptake, cell division and photosynthetic assimilation that
phytoplankton in this area [3]. A scientific report [3] create changes in phytoplanktons population increments
showed that the plankton population is a diverse group of [8, 9]. In additional research [10] showed that even time
tiny plants and animals modified to suspension in fresh duration may influence phytoplanktons diversities.

the best adapted species is a process required a
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Seasonal diversity of plankton life was used as a MATERIALS AND METHODS
measurement of water quality of a brackish water
aquaculture [17]. Variability in the structure of the All seasonal samples were collected from six
planktonic community has important implications for the horizontal transects. Along each transect four stations (A,
entire ecosystem, since phytoplankton, as the autotrophic B, C, D) were located at depths of 10, 20, 50 and 100
component of the marine ecosystem, affected on the meters (Fig. 1). The longitude and latitude of six transect
structure and efficiency of the food web, global were 48° 58' 00  to 53° 12' 92  E and 37° 57' 50  to 37° 02'
biogeochemical cycles and carbon sedimentation in deep 66  N (Table 1). Sampling was carried out at various
waters [11, 12]. depths such as A=10m (0, 10) m, B=20m (0, 10, 20) m,

Phytoplankton is a predominant type of a plant found C=50m (0, 10, 20, 50) m, D=100m (0, 10, 20, 50, 100) m
in  most  aquaculture  ecosystems.  The   driving   forces (Table 1). The present study was conducted during years:
and mechanism of seasonal, different depth  and   stations 1995, 1996, 2006 and 2007. All phytoplankton samples
changes are acknowledged to be related to variation in were collected by using a Van Dorn water bottle sampler
physical, chemical and biotic environment. There are as well as tubes membrane pump. Totally 500 ml of water
many possibilities brought about their mutual interaction; were taken and added to the glass bottles and then fixed
may affect on differential specific growth and less rate with neutralized formaldehyde solution at 4% [21]; then
among the algae. The climatic characteristic influences the the samples were transferred to main biological laboratory.
water quality and quantity affects the biodiversity [13]. The sample was kept in cool and darkness in properly
Thus algal growth is regulated by basic growth capped glass bottles.
parameters such as inorganic nutrients [14]. An The composition and abundance of each
investigation showed that in southern part of Caspian Sea phytoplankton sample was determined under a photo
Bacillariophyta and Euglenophyta phylum had maximum microscope “Nikon” light at ×480 magnification and
and minimum diversity, respectively [15]. The distribution identified by keys. Algae abundance was determined
pattern of phytoplankton in different ecosystems has the using the Hydro bios counting chamber and sampled
major scientific importance. Phytoplankton belongs to (volume 0.1 ml). Depending on the purpose of the
several groups such as Bacillariophyta, Pyrrophyta, investigation, phytoplankton biomass can be expressed
Chlorophyta, Cyanophyta and Euglenophyta. There are as cell volume (weight), plasma volume or carbon. The
more brackish and freshwater forms of phytoplankton transformation to cell volume relies on measurements of
than marine species in Caspian Sea. Nevertheless, species the size of the species and a large number of shapes have
richness in this enclosed sea is lower than that in open to be used for the different organism. The transformation
seas. In the north, fresh and brackish water species are of cell volume to plasma volume includes estimation of the
dominated while in the middle and southern part of vacuole volume and the calculation of cell carbon is in
Caspian, euryhaline, marine and brackish forms are turn based on plasma volume. The formulas recommended
generally dominant [16-19]. Phytoplankton abundance below are a step towards a more uniform treatment of
and biomass is a key factor in ecology, directly linked to counted organism. Volumes of species with a small size
the regulation and functioning of the ecosystems. variation   can  be  calculated  as  annual  median  values.

Fig. 1: Map transects and stations in southern part of Caspian Sea
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Table 1: Sampling transects, station position in southern part of Caspian Sea

Transect Stations Depth (m) Latitude Longitude

A 10 37 ° 57 ´ 50 48 ° 58´ 00
Lisar B 20 37 ° 57 ´ 50 49 ° 05´ 00

C 50 37 ° 57 ´ 20 49 ° 12´ 30
D 100 37 ° 52 ´ 48 49 ° 26´ 97
A 10 37° 29' 508" 49° 28' 984"

Anzali B 20 37° 30' 947" 49° 30' 240"
C 50 37° 35' 090" 49° 30' 199"
D 100 37° 39' 957" 49° 30' 186"
A 10 37° 29' 373" 49° 55' 898"

Sefidroud B 20 37° 30' 545" 49° 55' 417"
C 50 37° 31' 374" 49° 55' 067"
D 100 37° 31' 515" 49° 55' 650"
A 10 36° 40' 255" 51° 31' 249"

Noushahr B 20 36° 40' 812" 51° 32' 297"
C 50 36° 43' 249" 51° 31' 101"
D 100 36° 45' 071" 51° 32' 695"
A 10 36° 43' 567" 52° 38' 961"

Babolsar B 20 36° 45' 216" 52° 38' 563"
C 50 36° 48' 159" 52° 36' 940"
D 100 36° 48' 845" 52° 36' 872"
A 10 36° 53' 778" 53° 22' 721"

Amirabad B 20 36° 57' 287" 53° 20' 485"
C 50 37° 00' 680" 53° 15' 686"
D 100 37° 03' 269" 53° 13' 058"

For species present only seasonally, median values from found that, during 1995 to 1996 there were not some
several years can be used. Species with a large size species which were deleted in 2006-2007. 
variation are suitable divided into size groups during During 1995, totally 99 species of phytoplankton
counting (e.g. diatoms and monads). For all protists, species were identified in Southern part of Caspian Sea. In
except diatoms, cell volume is equal to plasma volume. For spring season, totally 77 species were identified with five
diatoms, plasma volume = cell volume-vacuole volume. phyla such as Euglenophyta, were 36, 14, 12, 11 and 3
The obtained data were divided in two parts; before and species, respectively. In about 35% of total species were
after of invasion by Mnemiopsis leidyi [20-23]. All data reduced to 50 species respect to spring with
were analyzed by Multivariate factorial analysis of Bacillariophyta domination. Two species of
variance (ANOVA). Rhizosolenia calcaravis and Aphanothece elabens from

RESULTS (Table 2). In autumn and winter seasons, about 29% of

The position of the different taxa reflects their with Bacillariophyta domination. In winter,
apparent optimum conditions for growth in a specific zone Bacillariophyta (33 species) were increased respect to
of the complex environmental gradient. Phytoplankton summer and autumn. Through winter, the total
composition changed considerably with seasons phytoplankton species were the same as autumn but
variations. In the present study data were pertaining to Bacillariophyta increased about 36% respect to autumn
the composition of phytoplankton microalgae in southern (Table 2).
part of Caspian Sea. In accordance with the survey carried The domination phyla were related to
out in southern part of Caspian Sea, during this study, Bacillariophyta and Pyrrophyta (Table 2). In spring
five phyla of phytoplankton were identified known as season, totally 40 species were identified with five phyla
Bacillariophyta, Pyrrophyta, Cyanophyta, Chlorophyta such as Bacillariophyta, Pyrrophyta, Cyanophyta,
and Euglenophyta; but some species were introduced Chlorophyta and Euglenophyta, were 21, 12, 4, 2 and 1
during 2006 to 2007 (after entrance of M. leidyi). It was species, respectively. In summer, about 28% of total

Bacillariophyta phylum were  increased  in  summer

total species were reduced (53 species) respect to spring
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species were reduced to 29 species respect to spring with Bacillariophyta and Pyrrophyta domination. In winter
Bacillariophyta domination. Also, with high domination about 33, 25 and 41% of total species were reduced (47
respect to other species Bacillariophyta and Pyrrophyta species) with respect to spring, summer and autumn with
phyla were 14 and 10 species, respectively. In autumn, Bacillariophyta domination (Table 2).
about 31% of total species were increased (38 species) In 2007, totally 134 phytoplankton species identified.
with respect to summer with Bacillariophyta domination. In spring, totally 82 species identified with five phyla such
In winter, about 10, 52 and 16% of total species were as Bacillariophyta, Pyrrophyta, Cyanophyta,
increased (44 species) with respect to spring, summer and Chlorophyta and Euglenophyta, were 29, 17, 12, 19 and
autumn with Bacillariophyta domination (Table 2). 5 species, respectively. Data of spring respect to other

During years 2006-2007, significant changes were seasons was significant (P<0.05). In summer, about 15%
acquired in diversity of phytoplankton in different of total species were reduced (70 species) with respect to
seasons. In 2006, totally 93 phytoplankton species spring with Bacillariophyta domination. Also, with high
distinguished. In spring 2006, totally 70 species identified domination respect to other species Bacillariophyta,
with five phyla such as Bacillariophyta, Pyrrophyta, Pyrrophyta and Chlorophyta phyla were 34, 13 and 10
Cyanophyta, Chlorophyta and Euglenophyta, were 36, species, respectively (Table 2). In autumn, about 55 and
13, 9, 9 and 3 species, respectively. In summer, about 22% 47% of total species were reduced (37 species) with
of total species were reduced (29 species) with  respect  to respect to spring and summer with Bacillariophyta
spring with Bacillariophyta domination. Also, domination. With high domination respect to other
Bacillariophyta and Pyrrophyta phyla were significantly species, the Bacillariophyta and Pyrrophyta phyla were
decreased in total species of phytoplankton such as 21 and 10 species, respectively. In winter, about 50 and
Bacillariophyta and Pyrrophyta phyla (P<0.05). But 41% reduction and 11% upper of total species were
Cyanophyta  and  Chlorophyta  phyla   were significantly identified (41 species) with respect to spring, summer and
increased  (P<0.05)  (Table 2). In autumn, the most autumn with Bacillariophyta domination. With high
diversity of phytoplankton was acquired. In this seasons domination respect to other species, the Bacillariophyta
also  about  33  and  36%  of  total  species  were increased and Pyrrophyta phyla were 13 and 12 species,
(29  species)   with   respect  to  spring  and  summer  with respectively (Table 2).

Table 2: Number of phytoplankton species during 4 years and 16 seasons in southern part of Caspian Sea

Phylum
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Years Bacillariophyta Pyrophyta Cyanophyta Chlorophyta Eugienphyta T. No.  of species

Spring (1995) 36 15 12 11 3 77
Summer (1995) 26 9 6 4 5 50
Autumn (1995) 21 12 10 7 3 53
Winter (1995) 33 13 4 1 2 53
Total 46 15 16 16 6 99

Spring (1996) 21 12 4 2 1 40
Summer (1996) 14 10 3 0 2 29
Autumn (1996) 19 9 4 3 3 38
Winter (1996) 26 9 2 4 3 44
Total 32 13 5 5 4 59

Spring (2006) 36 13 9 9 3 70
Summer (2006) 28 12 11 10 2 63
Autumn (2006) 38 17 11 10 4 80
Winter (2006) 22 9 6 7 3 47
Total 48 17 14 10 4 93

Spring (2007) 29 17 12 19 5 82
Summer (2007) 34 13 7 10 6 70
Autumn (2007) 21 10 4 2 0 37
Winter (2007) 13 12 8 6 2 41
Total 57 21 22 23 11 134
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Table 3: Shannon-Weaver diversity index before (B) and after (A) M. leidyi arrival in southern part of Caspian Sea

Species B A  Species B A

Anabaena spiroides 0.09 0.13 Nitzschia acicularis 0.35 0.41

Aphanothece elabens 0.62 0.07 Nitzschia SP 0.08 0.26

Binuclearia lauterbornii 0.26 0.80 Nitzschia tenirustris 0.07 0.01

Chaetoceros subtilis 0.02 0.26 Oocystis solitaria 0.02 0.05

Coscinodiscus granii 0.02 0.01 Oscillatoria limosa 0.05 0.57

Cyclotella menenghiniana 0.85 0.82 Peridinium latum 0.03 0.00

Exuviaella cordata 4.46 0.00 Pleurosigma elongatum 0.08 0.03

Glenodinium behningii 0.05 0.08 Prorocentrum obtusum 0.03 0.04

Glenodinium lenticula 0.04 0.02 Prorocentrum praximum 0.02 0.48

Glenodinium penardii 0.13 0.04 Prorocentrum scutllum 0.19 0.35

Goniaulax polyedra 0.04 0.04 Rhizosolenia calcaravis 2.23 0.10

Goniaulax spinifera 0.06 0.03 Scletonema costata 0.36 0.03

Gymnodinium variabile 0.07 0.02 Thalassionema nitzschoide 3.22 3.13

Microcystis SP 0.03 0.01 Thalassiosira caspica 0.02 0.00

Navicula SP 0.05 0.08 Thalassiosira variabilis 0.02 0.00

Fig. 2: The percentage of phytoplankton phyla during 1995-1996 and 2006-2007

The seasonal diversity of phytoplankton in this DISCUSSION
study had significant difference in different seasons
(P<0.05). Shannon-Weaver diversity index [26] of Plankton community is a heterogeneous group of
phytoplankton species ranges from 0.00 to 4.46 that tiny plants (phytoplankton) adapted to suspension in the
belong to Exuviellla cordata during 1995-1996, but sea and fresh water [3] that the dynamic of rapid increase
Exuviellla cordata was minimum during 2006-2007. The or decrease of plankton populations is an important issue
maximum value of Shannon-Weaver during 2006-2007 in marine ecology [5], grazing pressure, tide and water
belong to Thalassionema nitzschoide (Table 3) and movements [6, 7], seasons [11, 12] and even with respect
Shannon-Weaver diversity  index  [26]  of  some to daily time. Endogenous rhythms also affected the dial
phytoplankton species like Prorocentrum scutllum, distribution patterns of phytoplankton [10]. Dial rhythms
Scletonema costata, Prorocentrum praximum, in nutrient uptake, cell division and photosynthetic
Oscillatoria limosa, Nitzschia SP after M. leidyi arrival assimilation are well documented for natural
increased. phytoplankton populations [8, 9]. Competitive dominance

During 1995 to 1996 and 2006 to 2007, the main of the best adapted species is a process requiring a
phylum of leading related to Bacillariophyta were 35.8 homogeneous habitat, environmental stability and
and 48.4% respectively. The total phytoplankton specie equilibrium conditions [4]. Therefore, phytoplankton may
and Cyanophyta show significant increase (P<0.05) from be viewed as a non-equilibrium community of competing
13.8 up to 20.8 % (Fig. 2). species. Thus, there is not an exception to the principle of
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competitive exclusion. The loss of ecosystem stability, to shnnon index show significant changes in the Caspian
will be indicated by an inflection point in the scatter plot Sea waters before and after M.leidyi arrival [24]. In this
of diversity and related key variable. Phytoplankton are study, Shannon index of phytoplankton ranged from 0.00
often categorized into groups based on their primary role to 4.46 before M.leidyi arrival.
in biochemical material fluxes and/or in primary Only a small number of Euglenophyta were recorded
production. As well as in case of varying salinity, the in the present investigation as well as the previous results
diversity of temperature conditions of Caspian increases [19]. They have contributed little to the overall
its biodiversity. Undoubtedly that the mineral elements phytoplankton community structure in the Southern part
arriving with river runoff serve as a basis for biological of Caspian Sea. A numbers of reports [16, 17] have
production. The study area of adjoining to river estuaries showed that bacillariophyta and pyrrophyta constitute
are always characterized by increased producing capacity the main phyla in the middle and the southern part of
due to organic matter brought by rivers. In southern part Caspian Sea. In spring and summer with increase air
of Caspian Sea many  spesies  of  Bacillariophyta  are temperature, the population species of Cyanophyta
photosynthetic, which lead to their initial categorization increased.
as plants. As a result, it was shown that the species of
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