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Abstract
The Caspian Sea, the world’s largest inland body of water, supports a highly diverse 

community of phytoplankton species that play a crucial role in its ecosystem and overall food 
web dynamics. This unique, enclosed environment, which spans several countries, is subject to 
various ecological pressures, including climate change and anthropogenic activities, making it 
a critical area for biodiversity research. In this study, a comprehensive checklist of these species 
has been compiled based on an extensive literature review, revealing a total of 970 species and 
subspecies from 242 genera across 7 phyla. Bacillariophyceae was identified as the dominant 
class, comprising 347 species (36.37%), followed by Chlorophyta with 289 species (30.29%) 
and Cyanobacteria with 190 species (19.92%). Other notable groups include Myzozoa with 72 
species (7.55%), Ochrophyta with 56 species (5.87%), Cryptophyta with 13 species (1.36%), 
and Haptophyta with 3 species (0.31%). This detailed inventory provides essential data on the 
phytoplankton biodiversity in the Caspian Sea, contributing to a deeper understanding of its 
ecological complexity. The checklist not only highlights the diversity within each phylum but 
also emphasizes the dominance of diatoms and chlorophytes, which are key to the sea’s primary 
productivity. These findings serve as a critical resource for future ecological and environmental 
assessments, offering a baseline for monitoring biodiversity changes, potential threats to the 
ecosystem, and the impacts of climate change and human activities. The rich phytoplankton 
diversity outlined in this study shows the ecological significance of the Caspian Sea and its 
importance for regional and global biodiversity conservation efforts.
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Introduction
The Caspian Sea is the world’s largest 

landlocked water body located deep inside the 
Eurasian continent (Leroy et al., 2020). Due 
to its unique physicochemical and biological 
characteristics, the Caspian Sea is home to a 
relatively rich diversity of species, including 
numerous endemic organisms uniquely 

adapted to its environment, making it a 
region of significant ecological importance 
(Clewing et al., 2024). The dynamics of 
ecosystems mainly depends on the diversity 
of plankton especially phytoplankton (Otero 
et al., 2020). Marine phytoplankton are 
essential for the health of ocean ecosystems 
and the planet (Sarwat and Singh, 2023). 

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/
licenses/by/4.0/).

Phytoplankton Diversity in the Caspian Sea: A Comprehensive Checklist

https://plagen.sbu.ac.ir/article_104992.html
https://orcid.org/0000-0002-1455-9839


1384

Plant, Algae, and Environment, Vol. 8, Issue 2, 2024

As primary producers, they form the base 
of the marine food web, supporting a wide 
range of marine life, from small fish to large 
whales (Ly, 2023). Phytoplankton biomass 
in the world’s oceans amounts to only 1-2% 
of the total global plant carbon, yet these 
organisms fix between 30 and 50 billion 
metric tons of carbon annually (about 40% 
of the total). Higher nutrient fluxes would 
lead to both an increase in phytoplankton 
biomass and higher biomass-specific rates of 
carbon fixation (Falkowski, 1994). However, 
ecological pressures in the Caspian Sea, such 
as pollution from agricultural runoff, climate 
change, invasive species, and oil extraction 
have significantly impacted phytoplankton 
diversity (Tahami et al., 2012; Bagheri 
and Fallahi, 2014; Nasrollahzadeh Saravi 
et al., 2014; Jenny et al., 2020). Nutrient 
pollution from runoff leads to eutrophication 
(Mozafari et al., 2023), fostering harmful 
algal blooms that disrupt the natural balance 
of species. Climate change, by altering water 
temperature and salinity, has caused shifts 
in species composition and distribution. 
Invasive species like Mnemiopsis leidyi 
have indirectly affected phytoplankton by 
reducing zooplankton populations, while 
oil extraction introduces hydrocarbons that 
favor the dominance of more resistant, 
less diverse phytoplankton species (Tas 
et al., 2010). These combined pressures 
reduce overall biodiversity and threaten 
the stability of the Caspian Sea ecosystem 
(Nasrollahzadeh, 2010; Mamedov et al., 
2016).
Throughout the entire Caspian Sea, 
450 species, varieties or forms of 
phytoplankton exist. Of these, the dominant 

forms numerically are Cyanophyta, 
Bacillariophyta, and Chlorophyta. Middle 
and South Caspian phytoplankton are mixed 
marine, brackish, fresh-brackish water, 
and freshwater forms. By contrast, North 
Caspian phytoplankton are represented by 
freshwater forms (Mamaev, 2002). The 
first studies by CEP (1998); Aubrey et al. 
(1994); Dumont (1998); and Kasymov 
(1994) identified 450 species and subspecies 
of phytoplankton in the Caspian Sea. 
Other studies have reported phytoplankton 
species in local scales (e.g., Nasrollahzadeh 
Saravi et al., 2014; Mahmoudi et al., 2016; 
Rowshan Tabari et al., 2022; Sadat-Tahami 
and Keyhan Sani, 2022). Therefore, there is a 
critical need to prepare an updated checklist 
of phytoplankton in the Caspian Sea.
Such checklist provides a comprehensive 
baseline for the phytoplankton biodiversity 
of the region, which is essential for 
monitoring changes over time due to 
environmental fluctuations (Batten et al., 
2019), pollution (Franc´e et al., 2021), 
and climate change (Batten et al., 2019). 
Additionally, understanding the composition 
and species richness of phytoplankton can 
offer insights into the ecological dynamics 
and trophic interactions within the Caspian 
Sea. Furthermore, this checklist serves as 
a valuable resource for researchers and 
policymakers in making informed decisions 
about conservation strategies, environmental 
management, and sustainable use of marine 
resources in the Caspian Sea. Therefore, the 
aim of the present study was to prepare a 
comprehensive checklist of these primary 
producers in the Caspian Sea.
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Material and methods
Study area

This study was performed on the collection 
of papers dealing with phytoplankton species 
diversity in the Caspian Sea (Fig. 1). The 
Caspian Sea exhibits high species richness 
of phytoplankton that is driven by diverse 
habitat zones, fluctuating salinity levels, 
and nutrient inputs from rivers creating 
dynamic conditions that promote the growth 
of different phytoplankton species adapted 
to varying environments.
Checklist data
The checklist of phytoplankton species was 
compiled using a comprehensive review of 
existing scientific literature and databases 
from 1994 to 2023. This approach involved 
analyzing previously published studies, 
taxonomic keys, reports, and online databases 
to gather relieable data on species richness. 
Non peer-reviewed papers and documents 
were excluded in the study. Validation of 
identified species was conducted using 
international standard data repositories such 
as WORMS and GBIF. Classification of all 
groups followed standards outlined on the 
WORMS website.

Results
During the current study, 970 species and 

subspecies representing 246 genera were 
recorded. The identified phytoplankton 
species were classified into 16 classes, 
68 orders, 126 families under 7 phyla: 
Bacillariophyta (diatoms), Chlorophyta 
(green algae), Cyanobacteria (blue-
green algae), Myzozoa (Dinophyceae), 
Ochrophyta, Cryptophyta, and Haptophyta 
(Table 1, Figures 2 and 3). Detailed 

information about the taxonomy of major 
groups is provided below.
Bacillariophyta (diatoms) 
In the present study, Bacillariophyta was 
the most dominant group, comprising 
35.81% of the total phytoplankton. The 
identified diatoms were classified into one 
class (Bacillariophyceae), 23 orders, and 
36 families. The dominant orders included 
Naviculales, which comprised 23.05% of 
the total phytoplankton species with 80 
species, followed by Bacillariales at 13.83% 
with 48 species, Thalassiosirales at 12.10% 
with 42 species, Cymbellales at 8.07% with 
28 species, and Chaetocerotanae incertae 
sedis at 7.49% with 26 species, along with 
Fragilariales at 6.34% and 22 species.
Among the families, Bacillariaceae was the 
most prominent, comprising 13.83% of the 
total phytoplankton species with 48 species, 
followed closely by Naviculaceae at 13.54% 
with 47 species, Chaetocerotaceae at 7.49% 
with 26 species, Stephanodiscaceae at 6.63% 
with 23 species, and Fragilariaceae at 6.34% 
with 22 species. A total of 347 species were 
recorded, representing 58 genera within 
the Bacillariophyceae (Table 2). The most 
abundant genus was Navicula, comprising 
12.97% (45 species), succdeded by Nitzschia 
at 11.53% with 40 species, and Chaetoceros 
at 7.45% with 26 species (Table 2). 
Chlorophyta (green algae) 
Chlorophyta (green algae) was the second 
most dominant group, comprising 30.29% 
of the total phytoplankton. Identified green-
algae were classified into five classes: 
Chlorophyceae, which comprised 57.09% 
(165 species); Trebouxiophyceae with 
22.84% (66 species); Ulvophyceae with 
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18.34% (53 species); Chlorodendrophyceae 
with 1.38% (4 species); and 
Nephroselmidophyceae with 0.35% (1 
species). These classes were divided into 16 
orders and 37 families. The dominant orders 
included Sphaeropleales, which comprised 
43.25% of the total phytoplankton species 
with 125 species; Chlorellales with 19.38% 
and 56 species; Chlamydomonadales with 
10.73% and 31 species; and Ulvales with 
6.57% and 19 species. The predominant 
families identified were Scenedesmaceae, 
which accounted for 17.65% of the total 
phytoplankton species with 51 species; 
Oocystaceae, representing 13.15% with38 
species; Selenastraceae contributing10.38% 
with 30 species; and Chlamydomonadaceae, 
which included 8.65% with 25 species. 
A total of 289 species were recorded, 
encompassingto represent 89 genera within 
Chlorophyta division. The leading genus 
was Scenedesmus, which made up 11.38% 
(33 species), followed by Chlamydomonas, 
comprising 6.90 % with 20 species (Table 
3). 
Cyanobacteria (blue-green algae)
The blue-green algae represented the third 
most dominant group comprising 19.92% of 
the overal phytoplankton species. Identified 
blue-green algae were divided into 1 class 
(Cyanophyceae comprises), 10 orders and 
22 families. The dominant orders included 
Oscillatoriales, which comprised 33.16% 
of the total phytoplankton species with 63 
species; Nostocales with 25.26% and 48 
species; Chroococcales with 20.53% and 39 
species. 
The predominant family was Oscillatoriaceae, 
accounting for17.89% of the total 

phytoplankton species, which included 
with 34 species. This was followed by 
Microcoleaceae and Aphanizomenonaceae, 
each representing 15.26%with 29 speciesand 
Microcystaceae, which comprised 10.53% 
with20 species. The leadinggenus was 
Anabaena, contributing 11.05% with 21 
species, followed by Oscillatoria at 10% 
with 19 species), and Phormidium at 7.89% 
with15 species (Table 4). 
Myzozoa (dinoflagellates)
In the present study, Myzozoa represented 
another group that comprises 7.55% (72 
species) of the overal phytoplankton 
composition. The identified dinoflagellate 
was classified into one class (Dinophyceae), 
four orders, and eleven families. The 
predominant orders included Peridiniales, 
which constituted 62.50% of the total 
phytoplankton species with 45 species; 
Prorocentrales, comprising18.06% with 
13 species; Gonyaulacales representing 
13.89% with 10 species; and 
Gymnodiniales representing5.56% 
with four species. The leading family 
wasPeridiniaceae, accounting for 37.50% 
of the total phytoplankton species with 27 
specie, followed by Prorocentraceae, which 
comprised 18.06% with13 species. 
The most prevalent genus was Peridinium, 
making up 16.67% (12 species) succeded 
by Peridiniopsis at 12.50% with 9 species 
(Table 5). 
Ochrophyta 
Ochrophyta constituted5.87% of the 
overallphytoplankton species, totalling56 
species. The identified Ochrophyta classified 
into sixclasses; Chrysophyceae and 
Phaeophyceae representing 32.14% with 
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18 species; Xanthophyceae accounting for 
17.86% with10 species; Eustigmatophyceae 
comprising 10.71% with6 species; 
Raphidophyceae making up 5.36% with3 
species); and Dictyochophyceae which 
included 1.79% with1 species). This group 
encompassed 11 orders and 15 families. 
The predominant orders wereEctocarpales, 
which represented 28.57% of the total 
phytoplankton species with 16 speciesو and 
Chromulinales accounting for 21.43% and 
12 species. 
The dominant family included Dinobryaceae 
and Chordariaceae which made up 
16.07% of the total phytoplankton species 
with nine species; Goniochloridaceae 
comprising 10.71% with six species; and 
Ectocarpaceae, which accounted for 10.71% 
with six species. The most prevalent genus 
were Dinobryon, representing 14.29% with 
8 species, followed by Goniochloris at 
10.71% with 6 species, and Ectocarpus at 
8.93% with 5 species (Table 6). 
Cryptophyta
Cryptophyta comprised 1.34% of the total 
phytoplankton species, comprising 13 
distinct species. The identified Ochrophyta 
species were categorized into one class 
(Cryptophyceae), 2 orders and 3 families. 
The orders included Cryptomonadales, 
which accounted for 84.62% with 11 species, 
and Pyrenomonadales accounted for 15.38% 
with 2 species. The families were classified 
as Cryptomonadaceae with 76.92% and 10 
species, Pyrenomonadaceae with 15.38%; 
and 2 species, and Hemiselmidaceae with 
7.69% and 1 species. A total of 13 species 
were documented, representing three genera 
within the Ochrophyta group (Table 7). 

The dominant genus was Cryptomonas, 
which comprised76.92% of the total with 10 
species (Table 7).
Haptophyta
Haptophyta as the least dominant group 
comprised 0.31% with three species of 
the total phytoplankton. Ochrophyta was 
classified into one class (Coccolithophyceae), 
1 order (Prymnesiales), one family 
(Chrysochromulinaceae), one genus 
(Chrysochromulina), and three species 
(Table 8). 

Discussion and conclusion 
The findings of this study are 

consistent with and build upon previous 
research on phytoplankton diversity in 
the Caspian Sea, reinforcing the critical 
role of Bacillariophyceae (diatoms) and 
Chlorophyta in this unique ecosystem. The 
identification of 970 species and subspecies 
across seven phyla highlights the Caspian 
Sea’s status as a biodiversity hotspot and 
provides a more comprehensive overview 
compared to earlier studies.
Numerous studies have documented the 
dominance of diatoms in the Caspian Sea. 
For instance, Ganjian et al. (2010) reported 
that diatoms made up 43% of the total 
phytoplankton taxa, a finding that aligns 
closely with the 36.37% representation of 
Bacillariophyceae observed in this study. 
Similarly, Nasrollahzadeh Saravi et al. 
(2017, 2016, 2014) identified 81 species of 
Bacillariophyta out of a total of 195 species, 
further underscoring the importance of 
diatoms in this ecosystem.

Bagheri et al. (2012) and Bagheri and Fallah 
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abundant group, with 25 and 70 species 
identified, respectively. These studies, along 
with those by Afraei Bandpey et al. (2015) 
and Mahmoudi et al. (2016), which also 
noted the dominance of diatoms, contribute 
to a growing body of evidence that these 
organisms are crucial to the Caspian Sea’s 
primary production and ecological stability.
The significant presence of Chlorophyta, 
comprising 30.29% of the species in this 
study, is also in line with earlier research. 
For example, Ganjian et al. (2010) identified 
Chlorophytes as the second most abundant 
group, and similar findings were reported 
by Nasrollahzadeh Saravi et al. (2017, 
2016, 2014) and Heydari et al. (2018). The 
consistent identification of Chlorophyta as 
a major component of the phytoplankton 
community across multiple studies 
underscores its ecological significance in the 
Caspian Sea.
Cyanobacteria, accounting for 19.92% of 
the species in this study, have also been 
consistently reported as a key group in the 
Caspian Sea’s phytoplankton community. 
Studies by Gasanova et al. (2015) and 
Pourgholam et al. (2013) noted the prevalence 
of Cyanobacteria alongside diatoms, further 
supporting their role in the region’s nutrient 
cycling and primary production.
The shifts in phytoplankton community 

structure over time, particularly the 
increase of ctenophore, Mnemiopsis leidyi, 
as reported by Ganjian et al. (2010), 
highlight  the  dynamic nature of the 
Caspian Sea ecosystem. The observation 
that dinoflagellates temporarily became 
more prevalent than diatoms emphasizes 
the importance of ongoing monitoring 
to track changes in species composition 
and to understand the potential impacts of 
environmental stressors, such as invasive 
species and climate change. While a 
comparative analysis with previous studies 
to identify significant changes or trends 
in phytoplankton diversity would be 
valuable, this approach is constrained by 
inconsistencies in species reporting across 
different studies. The comprehensive 
checklist compiled here includes all species 
mentioned in prior research, making it 
difficult to discern consistent patterns or 
temporal shifts.
This study enhances the existing body of 
knowledge by providing a more detailed and 
updated inventory of phytoplankton species, 
offering crucial insights into the biodiversity 
and ecological functioning of the Caspian 
Sea. The consistency of findings across 
multiple studies highlights the need for 
continued research and conservation efforts 
to preserve the ecological health of this 
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unique inland sea. Future research should 
focus on understanding the functional roles 
of these diverse phytoplankton species 
within the Caspian Sea’s ecosystem, 
particularly in relation to nutrient cycling, 
food web dynamics, and the response to 
environmental stressors. Additionally, long-
term monitoring programs are essential to 
detect shifts in species composition and 
abundance, which could indicate broader 
ecological changes within the Caspian Sea. 
This study sets a strong foundation for such 
efforts, emphasizing the importance of 
phytoplankton diversity as a key indicator 
of the health and sustainability of aquatic 
ecosystems.
In this study, we have compiled a 
comprehensive checklist of phytoplankton 
species in the Caspian Sea, documenting a 
total of 970 species and subspecies across 
242 genera and seven phyla. Bacillariophyta 
emerged as the most dominant group, 
followed by Chlorophyta, reflecting similar 
patterns observed in previous studies. Our 
findings highlight the significant diversity 
and complexity of the phytoplankton 
community in this unique marine 
environment. This updated checklist provides 
an essential baseline for future ecological 
and environmental monitoring, contributing 
to our understanding of the Caspian Sea’s 
biodiversity. It highlights the importance of 
ongoing research and conservation efforts 
to protect and sustain the health of this 
vital ecosystem. In addition, this checklist 
serves as a valuable resource for researchers 
and policymakers in making informed 
decisions about conservation strategies, 
environmental management and sustainable 

use of marine resources in the Caspian Sea. 
Future research should focus on assessing 
the impacts of climate change and human 
activities on phytoplankton diversity in the 
Caspian Sea. Emphasis should be placed 
on changes in species composition, the 
likelihood of invasive species emergence, 
and the enduring ecological ramification for 
marine ecosystems. 
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