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Abstract  Phytoplankton play a pivotal role in the Southern Ocean ecosystem. This study examines the phytoplankton 

community structure and the environmental factors driving it in the Cosmonaut Sea, based on samples collected using a net 

during the summer of 2020/2021. We identified 99 phytoplankton species, predominantly comprising diatoms and 

dinoflagellates. Among these, diatoms—notably Pseudo-nitzschia, Chaetoceros, and Fragilariopsis, dominated the community 

in terms of species richness, abundance, and biomass. Endemic species of the Southern Ocean, such as Corethron pennatum, 

Proboscia alata, and Cylindrotheca closterium, also made significant contributions. Phytoplankton abundance and biomass 

showed similar spatial distribution patterns, with hotspots in the northern section of the survey area that gradually diminished 

towards the coastal regions. The oceanic area exhibited low phytoplankton diversity but pronounced regional variations in 

community distribution, with the northern region emerging as a key zone for abundance, biomass, and diversity. Nutrient 

distribution was identified as the primary environmental driver shaping the phytoplankton community, with silicate levels having 

a significant negative impact on overall phytoplankton abundance and the dominant species. 
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1  Introduction 

Phytoplankton as the key primary producers in marine 
ecosystems, are essential for maintaining the balance and 
function of marine ecosystems (Cloern et al., 2014). 
Through photosynthesis, phytoplankton form the foundation 
of nearly all marine food webs, significantly impacting the 
productivity of marine ecosystems. Concurrently, owing to 
their rapid responses to various environmental disturbances 
and high biological diversity, phytoplankton serve as 
excellent ecological indicators for environmental 
perturbations (Rodrigues et al., 2015). They represent the 
fundamental basis of the Southern Ocean food web and the 
primary mechanism for carbon export in this region (Biggs 
et al., 2021; Deppeler and Davidson, 2017). Thus, 
understanding changes in phytoplankton community 
structure and their regulatory factors is crucial for 
elucidating their responses to climate change and for 
comprehending the marine ecosystem of the Southern 
Ocean (Ferreira et al., 2020). 

The Southern Ocean generally refers to the region 
south of the subtropical front (Deppeler and Davidson, 
2017). In addition to usual spatiotemporal fluctuations (Orsi 
et al., 1995), environmental factors show climate-driven 
changes such as increased ocean temperatures, poleward 
shift of ocean fronts, and seasonal variability of sea ice, 
which have profoundly impacted the Antarctic and its 
marine ecosystem in recent years (Constable et al., 2014, 
Lee et al., 2022; Mendes et al., 2012). In-depth research on 
the phytoplankton of the Southern Ocean commenced in the 
1930s (Gran, 1931). Early studies identified that the 
Southern Ocean is characterized by persistent high nutrient 
concentrations and seasonal high light inputs. This region is 
recognized as the largest High Nutrient, Low Chlorophyll 
region (Deppeler and Davidson, 2017; Lee et al., 2012), 
with its most common ecological system consisting of a 
short food chain involving diatoms, krill, and higher 
consumers such as fish, whales and seals (Garibotti et al., 
2003). Factors such as iron, light exposure, nutrient- 
availability, grazing pressure, mixed layer, and viral lysis 
are considered as regulators of primary productivity in the 
Southern Ocean (Bazzani et al., 2023; Biggs et al., 2021, 
2022; Gutiérrez-Rodríguez et al., 2023). In the extensive 
Southern Ocean region, phytoplankton have been mostly 
studied in the broad waters of the West Antarctic, where 
communities are dominated by large diatoms and 
Phaeocystis. The dynamics of sea ice and meltwater are 
considered the main factors shaping phytoplankton in this 
sea area (Ferreira et al., 2020; Lee et al., 2022; Nardelli et 
al., 2023). The research in the East Antarctic has primarily 
focused on the Prydz Bay area. Since the establishment of 
Australia’s Davis Station in the Prydz Bay area in 1957, 
there has been a basic understanding of the distribution of 
chlorophyll in surface seawater, primary productivity, 
phytoplankton community structure, and controlling factors 

in this area (Deppeler et al., 2020; Hancock et al., 2018; 
Herraiz-Borreguero et al., 2016). The depth of the mixed 
layer in this sea area, the Antarctic continental slope front, 
seasonal variations and iron consumption have driven the 
distribution of phytoplankton dominated by Fragilariopsis 
and Pseudo-nitzschia (Heidemann et al., 2024). 

The Cosmonaut Sea (30°E to 60°E), situated in the 
Indian Sector of the Southern Ocean and to the west of 
Enderby Land in East Antarctic (Hunt et al., 2007), 
constitutes an integral component of the Southern Ocean’s 
ecological system. Variations in sea ice and surface sea 
temperatures in this area remain relatively stable (Comiso et 
al., 2017). The retreat of the West Antarctic Ice Sheet is the 
primary controlling factor driving environmental 
transformation (Li et al., 2021). The ecosystem is 
influenced by the three major currents (Figure 1): the 
Antarctic Slope Current, the Antarctic Circumpolar Current, 
and the Weddell Gyre (Mou et al., 2021; Yang et al., 2024). 
These currents not only shape the Cosmonaut Sea’s unique 
marine environment, but also have a profound impact on its 
ecosystems, especially on phytoplankton. Currently, there is 
relatively little phytoplankton research in the Cosmonaut 
Sea (Davidson et al., 2010; Hunt et al., 2007), which limits 
our ability to fully understand the ecosystem in this area. A 
preliminary study of phytoplankton in this area was 
conducted on the BROKE-West voyage, which recorded a 
diatom bloom in the offshore area, with centric diatoms 
dominating the biomass, and identified krill predation as the 
main determinant of its abundance and composition 
(Davidson et al., 2010). However, the ecosystem state has 
likely changed since the time of the voyage. In addition, 
although other studies involve phytoplankton, they mainly 
focus on zooplankton feeding (Pakhomov and Perissinotto, 
1996) and chlorophyll analysis (Demidov et al., 2007, Li Y 
H et al., 2024), and in-depth studies on phytoplankton 
structure and spatiotemporal trends are still insufficient. 
Therefore, in order to better understand the ecosystem 
dynamics of the Cosmonaut Sea, it is particularly important 
to further study the community structure and spatial 
distribution of phytoplankton.  

Both quantitative methods (e.g. bottle sampling) and 
semi-quantitative methods (e.g. net sampling) are widely 
used for collecting marine phytoplankton (Davies et al., 
2016). Among them, net-based phytoplankton sampling can 
effectively collect larger phytoplankton samples, which is 
suitable for large-scale sampling (Jiang et al., 2020). 
Consequently, based on samples collected from the upper 
ocean layer (0–200 m) of the Cosmonaut Sea during 
January 2020, we analyzed the community structure of the 
net-collected phytoplankton in the Cosmonaut Sea. By 
describing the species composition, abundance, 
spatiotemporal distribution, dominant species, community 
structure, and the role of environmental factors on the 
phytoplankton in this region, this research aims to further 
supplement and expand the phytoplankton data in the 
Cosmonaut Sea, providing foundational data and scientific 
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basis for subsequent research and development in this area. 

2  Materials and methods  

2.1  Survey area, sample collection and environmental 
factors 

In January 2021, 37th Chinese Antarctic expedition 
comprehensively surveyed 25 research stations in the 
Cosmonaut Sea (33°E–73°E, 62°S–67°S) (Figure 1). 

Phytoplankton were collected and analyzed in 
accordance with the Chinese “Specifications for oceanographic 
survey—Part 6: marine biological Survey Specifications” 
(GB/T 12763.6—2007). A small plankton net (with a mesh 
size of 77 µm, conical shape, and a net opening diameter of  

37 cm) was deployed from near the seabed at a depth of 
200 m and dragged vertically towards the surface of the sea 
at a stable speed of 0.5 m·s−1. This plankton net was 
equipped with an electronic flow meter, which was used to 
calculate the volume of the filtered water. The collected 
samples were placed in sample bottles and preserved with a 
buffered 5% formalin solution, and stored in the dark. After 
thorough mixing, 0.5 mL of the sample was placed in a 
phytoplankton counting chamber where species were 
identified and counted under a microscope. The microscope 
used was the Nikon Eslipse E200 MV, with a magnification 
of 400 times. The counting chamber type employs a 0.5 mL 
Utermöhl plankton counting frame. Based on the criterion 
of identifying at least 500 phytoplankton cells per sample, 1 
to 4 replicate experiments were conducted.  

 
Figure 1  Cosmonaut Sea survey stations during the 2020/2021 austral summer. ACC indicates the Antarctic Circumpolar Current; ASC 
indicates the Antarctic Slope Current. 

Environmental factors are shared data for voyages. 
Temperature and salinity were measured and recorded using 
the pre-calibrated Sea-Bird SBE-9/11 plus CTD system 
(Guo et al., 2023). Water samples were collected with 
Niskin bottles from different layers (surface, 50 m, 100 m 
and 200 m) at each station for nutrient analysis. Ammonium 
concentration was determined using the indophenol blue 
photometric method, while nitrate, nitrite, phosphate, and 
silicate concentrations were measured using the 
cadmium-copper column reduction diazo method, diazo azo 
method, phosphomolybdenum blue method, and 
silicon-molybdenum blue method, respectively (Huang et 
al., 2022). Data for the specific environmental factors can 
be found in Guo et al. (2023) and Huang et al. (2022). Sea 
ice data were obtained from the Sea Ice Today 
(https://nsidc.org/data/NSIDC-0079/versions/3), produced 
by the U.S. National Snow and Ice Data Center. The spatial 
resolution of the data was 25 km × 25 km and sea ice extent 
data for investigation period were selected.  

2.2  Data analysis 

Abundance was calculated by dividing the number of 

individuals by the filtration volume, and biomass was 
estimated by multiplying abundance by the biomass of a 
single individual. The biomass of a single individual (as 
carbon content, µg C ind–1) was estimated by: (a) measuring 
the average cellular volume of ≥50 individuals per dominant 
species using geometric approximations; (b) converting 
biovolume to carbon content using published conversion 
factors (Menden-Deuer and Lessard, 2000; Yang et al., 
2022). 

Phytoplankton species diversity was quantified using 
the Shannon-Wiener diversity index (H', base 2) 
(MacArthur, 1955): 

2
1

log
S

i i
i

H P P


    

where S is the total number of species in the sample; Pi = 
ni/N, ni is the number of individuals of species i, N is the 
sum of individuals of all species within the community. 

Evenness was assessed using Pielou’s Evenness Index (J) 
(Pielou, 1966): 

2/ logJ H S  

where S is the total number of species in the sample. 



Net-collected phytoplankton community structure and environmental factors in Cosmonaut Sea             359 

Species dominance was evaluated using McNaughton’s 
Dominance Index (Y) (McNaughton, 1967): 

 /i iY n N f   

where ni is the number of individuals of species I; N is the 
total number of individuals observed; and fi is the frequency 
of occurrence of the i-th species across all samples. Species 
with Y>0.2 are recognized as dominant species that 
collectively contribute the majority of community biomass 
and exhibit significant responses to environmental gradients 
(Xu and Chen, 1989). 

Generalized Linear Mixed Models (GLMM) were run to 
investigate the relationship between different combinations of 
environmental factors and phytoplankton abundance: 

Phytoplankton ~ environmental factor 1 + factor 2 +  
                + factorn+ (1 | Site) + (1 | Time) 

In the model, (1|Site) and (1|Time) represented the 
random intercepts for sites and time, respectively. The 
model employs a negative binomial distribution and is fitted 
using the glmmTMB package in R (R Core Team, 2024). 

The distribution map of phytoplankton abundance is 
plotted using ODV4 (Schlitzer, 2012). The phytoplankton 
data were fourth-root transformed using PRIMER v6 
(Clarke and Gorley, 2006), followed by the construction of 
a Bray-Curtis similarity matrix for cluster analysis and 
non-metric multidimensional scaling. Variance analysis  

(ANOVA) and Pearson correlation analysis were conducted 
between phytoplankton cell abundance and environmental 
factors using IBM SPSS 25 Statistics software (IBM Corp, 
2017). The heat map was generated using ChiPlot 
(https://www.chiplot.online). 

GLMM analysis utilized the R programming language. 
The abundance data of dominant phytoplankton species 
were examined using Detrended Correspondence Analysis 
(DCA) with Conoco 5 (ter Braak and Smilauer, 2002). If 
the gradient length of the first DCA axis was less than 3, 
redundancy analysis (RDA) was applied to evaluate the 
relationship between species abundance and environmental 
factors. Conversely, if the length exceeded 4, Canonical 
Correlation Analysis (CCA) was employed. 

3  Results 

3.1  Environmental factors 

Among environmental factors, the surface distribution 
pattern is similar to those of the water column within the 
0–200m range, dissolved oxygen and silicate concentrations 
exhibited a decreasing trend from the southern shore to the 
north, while temperature, salinity, and other nutrients 
showed an opposite trend (Figure 2). 

 
Figure 2  The spatial distribution of environmental factors in the surface layer (a–h) and 0–200m of water column (i–p) during 
the 2020/2021 summer season in the Cosmonaut Sea. a, temperature; b, ammonium salt concentration; c, salinity; d, dissolved oxygen; 
e, silicate concentration; f, nitrite concentration; g, nitrate concentration; h, phosphate concentration; i–p, same as a–h but for 0–200 m 
water column. Black bots refer to sampling stations. Off-site data were populated using the DIVA gridding. 
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3.2  Species composition and dominant species 

During the Antarctic expedition in the Cosmonaut Sea, 
a total of 99 species of phytoplankton from 40 genera across 
3 phyla were collected, the diatoms accounted for an 
absolute majority, with 29 genera and 73 species collected, 
representing 73.74% of the total phytoplankton species. The 
Dinophyceae contributed 10 genera and 24 species, 
constituting 24.24% of the total phytoplankton species, and 
the Prymnesiophyceae were represented by 1 genus with 
2 species. Diatoms were identified as the predominant 
functional group in the net-collected phytoplankton of the 
Cosmonaut Sea. The mean abundance and biomass of 
specific phytoplankton species can be found in Table S1. 

All dominant phytoplankton species (Y>0.02) collected 
during this Antarctic expedition were diatoms (Table 1). 
Chaetoceros dichaeta (Y=0.18) was identified as the most 
dominant species in the net-collected phytoplankton of the 
area (Table 1). Other dominant species included 
Pseudo-nitzschia lineola, Chaetoceros atlanticus, and 
Chaetoceros curvisetus (Table 1). The genus Chaetoceros 
was found to be the primary contributor to phytoplankton 
abundance in the Cosmonaut Sea, while P. alata was 
recognized as the main contributor to the biomass (Table 1). 

Table 1  Dominant phytoplankton species in net samples 

Dominant species 
Mean abundance 

/(cells·L−1) 

Mean 
Biomass 

/(×104 μg C·L−1) 

Degree of 
dominance

(Y) 

Chaetoceros dichaeta 1326.01±1358.87 29.63±30.36 0.18 

Pseudo-nitzschia lineola 1042.99±997.48 4.85±4.64 0.14 

Chaetoceros curvisetus 713.33±957.69 8.69±11.67 0.10 

Chaetoceros atlanticus 750.21±1168.58 22.94±35.74 0.10 

Fragilariopsis curta 454.84±661.43 2.32±3.37 0.06 

Chaetoceros bulbuosus 302.50±386.00 3.28±4.19 0.04 

Pseudo-nitzschia 
prolongatoides 

290.60±325.56 282.66±316.66 0.04 

Fragilariopsis kerguelensis 317.33±591.80 4.79±8.93 0.04 

Proboscia alata 316.61±471.20 0.62±0.93 0.04 

Corethron pennatum 201.80±169.80 34.8±29.28 0.03 

Cylindrotheca closterium 198.04±273.40 0.30±0.42 0.03 

Chaetoceros concavicornis 181.32±162.79 8.92±8.00 0.03 

 

3.3  Species composition and distribution patterns 
of abundance and biomass  

The phytoplankton cell abundance ranged from 5.76 to 
1.71×104 cells·L−1, with an average abundance of (7.21± 
5.71)×103 cells·L−1. The biomass ranged from 0.08 × 106 to 
20.44×106 μg C·L−1, with an average biomass of 
(6.60±5.92)×106 μg C·L−1. The high abundance areas of 
net-collected phytoplankton were primarily located in the 
northeastern part of the surveyed region, with the highest 
values observed at station C7-02 (Figure 3a). The high 
biomass areas were distributed in the northern part of the 

survey area, decreasing southward towards the coast (Figure 
3b). The western part of the region had overall lower 
abundance and biomass (Figures 3a and 3b), with diatoms 
showing similar distribution trends to the overall 
phytoplankton community (Figures 3a–3d). The western 
area of the survey region was a high-value zone for both 
abundance and biomass of dinoflagellates, which also 
showed a decreasing trend towards the coast, while the 
central sea area had lower abundance and biomass of 
dinoflagellates with a more scattered distribution (Figures 
3e and 3f).  

The dominant phytoplankton species were C. dichaeta 
(Y=0.18) and P. lineola (Y=0.14), with average abundances 
of 1,326.01 cells·L−1 and 1,042.99 cells·L−1, respectively. 
These species accounted for 18% and 14% of the total 
phytoplankton abundance, with biomass values of 
296300.17 μg C·L−1 and 48510.64 μg C·L−1, respectively. 
The distribution of the two species was similar, with 
high-value areas being quite patchy and a general trend of 
decreasing from the northeast to the southwest (Figures 4a 
and 4b). Additionally, C. curvisetus (Y=0.10) and C. atlanticus 
(Y=0.10) were also major dominant species in the area. The 
high-value areas for C. curvisetus were located in the 
mid-coastal and northeastern parts of the surveyed sea area, 
with lower abundance in the western sea areas (Figure 4c). 
In contrast, the high-value areas for C. atlanticus were 
found in the northeastern part of the surveyed sea area, 
showing a decreasing trend towards the western coast 
(Figure 3d).  

3.4  Species diversity  

The Shannon-Wiener diversity index (H′) for 
phytoplankton ranged from 0.98±0.10, while Pielou’s 
evenness index (J) ranged from 0.61±0.08. The diversity of 
phytoplankton was low and the distribution of all species 
was uniform. The horizontal distribution shows that the 
Shannon-Wiener diversity index was generally low, with a 
trend of decreasing towards the shore in the southwestern 
part of the surveyed area (Figure 5a). The high-value area of 
Pielou’s evenness index was observed in the northern part 
of the surveyed sea area, the index decreased towards the 
shore, especially in the southwest coastal waters (Figure 
5b). 

3.5  Community structure 

At a similarity level of approximately 67%, the 
phytoplankton community in the Cosmonaut Sea during the 
2020/2021 summer season could be delineated into 5 
distinct clusters (Figure 6a). Cluster a was located in the 
southern part of the surveyed area, with F. curta as the 
dominant species; Cluster b was situated in the southwestern 
part of the surveyed area, where Alexandrium sp., 
Dinophysis acuminata, and F. curta were the primary 
dominant species; Cluster c was found in the southern  
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Figure 3  The spatial distribution of the net-collected phytoplankton abundance (cells·L−1) and biomass (μg C·L−1) in the top 200 m of the 
Cosmonaut Sea during the 2020/2021 summer season. a, phytoplankton abundance; b, phytoplankton biomass; c, diatom abundance; 
d, diatom biomass; e, dinoflagellate abundance; f, dinoflagellate biomass. Black dots refer to sampling stations. Off-site data were 
generated using the DIVA gridding. 

 
Figure 4  The spatial distribution of dominant the net-collected phytoplankton species in the 0–200m water column of the Cosmonaut Sea. 
a, Chaetoceros dichaeta (Y=0.18); b, Pseudo-nitzschia lineola (Y=0.14); c, Chaetoceros curvisetus (Y=0.10); d, Chaetoceros atlanticus 
(Y=0.10). Black bots refer to sampling stations. Off-site data were generated using the DIVA gridding. 



362 Zhou Z Y, et al. Adv Polar Sci December (2025) Vol. 36 No. 4 

 
Figure 5  The spatial distribution of the net-collected phytoplankton diversity indices in the 0–200 m water column of the Cosmonaut Sea. 
a, Shannon-Wiener diversity index; b, Pielou’s evenness index. Black bots refer to sampling stations. Off-site data were populated using the 
DIVA gridding. 

coastal areas of the surveyed region, with C. curvisetus 
and C. dichaeta being the main dominant species; 
Cluster d was near station C5-05, where P. lineola, P. alata, 
and C. dichaeta were the predominant species; Cluster e was 
in the northern part of the surveyed area, with C. dichaeta, 
P. lineola, and C. atlanticus being the key dominant species 
(Figure 6b). 

Based on the proximity to the shore, distinct 
communities have formed in this maritime region, with the 
northern survey areas constituting a uniform group located 
in the high-value zones for abundance, biomass, diversity, 
and other distributional aspects (Figure 6b). In contrast, the 
nearshore areas exhibit a gradient of diverse communities 
from west to east (Figure 6b).  

3.6  Effects of environmental factors on phytoplankton 

3.6.1  Correlation analysis between phytoplankton and 
environmental factors 

The abundance of phytoplankton and diatoms in the 
Cosmonaut Sea showed a significant negative correlation 
with surface silicate concentrations, a significant positive 
correlation with surface and 0–200 m water column nitrites, 
and a significant positive correlation with 0–200 m water 
column temperature (Figure 7). Dinoflagellate showed 
significant negative correlation with surface nitrate and 
phosphate, significant negative correlation with surface 
nitrite, and significant negative correlation with 0–200 m 
seawater water column (Figure 7). 

 
Figure 6  The net-collected phytoplankton community clustering analysis (a) and spatial distribution (b) in the Cosmonaut Sea. 
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Figure 7  The correlation analysis between the net-collected phytoplankton and environmental factors in the Cosmonaut Sea. Notes: **, at 
the 0.01 level (two-tailed), the correlation is highly significant; *, at the 0.05 level (two-tailed), the correlation is significant. 

GLMMs were run with phytoplankton abundance as 
the response variable, environmental factors as fixed 
effects, and sampling sites and times as random effects. 
Pearson correlation analysis revealed that phytoplankton 
abundance was significantly correlated with nitrite and 
silicate at the 0 m layer (p<0.01) (Figure 7). Subsequent 
model fitting indicated overdispersion (overdispersion> 
1.5), suggesting that a negative binomial distribution was 
more appropriate. Similarly, in the 0–200 m water 
column, phytoplankton abundance was significantly 
correlated with nitrite (p<0.01), while a significant 
correlation was observed with temperature (p<0.05) 
(Figure 7). The corresponding model further exhibited 
overdispersion (overdispersion>1.5), reinforcing the 
suitability of a negative binomial distribution. 

In the analysis of the surface layer models, GLMMs 
with fixed effects of nitrite alone, nitrite and silicate 
together, and the interaction between nitrite and silicate 
showed good fit (Table S2). The differences in Akaike 
Information Criterion among these three models were less 
than 2, indicating no significant differences in model fit 
(Table S2). This suggests that nitrite has a significant 
impact on phytoplankton abundance, and the combined 
effect of nitrite and silicate also significantly influenced 
phytoplankton abundance, suggesting a potential interaction 
between these two factors. In contrast, the model with 
silicate alone exhibited poor fit (Table S2), implying that 
the effect of silicate may depend on the presence of nitrite. 
Based on the principle of parsimony, the model with nitrite 
alone was selected as the best model. Analysis of its effect 
plot revealed that a positive coefficient for the fixed factor 
corresponded to an increasing fitted curve, indicating a 
positive influence on phytoplankton abundance (Figure S1). 
The increasing slope of the curve and the widening confidence 
interval suggest that as the relative concentration of nitrite 

increases, its impact on phytoplankton abundance becomes 
stronger, although the estimation precision decreases 
(Figure S1). In the analysis of the 0–200 m water column 
models, the GLMM with fixed effects of nitrite alone 
exhibited a good fit. The fitted curve increased as the factor 
value increased, indicating a significant positive effect of 
nitrite on phytoplankton abundance (Table S2 and Figure 
S1).  

3.6.2  Redundancy analysis of dominant species and 
environmental factors 

A DCA was conducted, and since the gradient of the 
first axis was less than 3, an RDA was performed between 
the abundance of each dominant species and environmental 
factors. The first ordination axis in each summer showed 
significant differences from the remaining axes (p<0.05), 
indicating the reliability of the RDA results.  

The analysis revealed that, for surface environmental 
factors, most dominant species showed a negative 
correlation with silicate, while being positively correlated 
with multiple of nutrients (Figure 8). The most dominant 
species of phytoplankton, C. dichaeta, collected by net 
sampling in this sea area, showed a significant positive 
correlation with nitrate (Figure 8). F. curta was positively 
correlated with dissolved oxygen, and C. curvisetus showed 
a negative correlation with temperature and salinity (Figure 8). 
For the 0–200 m water column environmental factors, most 
dominant species were positively correlated with 
temperature, nitrite, and nitrate (Figure 8). 

It was evident that the cell abundance of the summer 
phytoplankton dominant species in the Cosmonaut Sea was 
influenced to varying degrees by multiple environmental 
factors, and their distribution was closely related to various 
nutrients. The majority of phytoplankton dominant species 
exhibited similarities in their response to environmental 
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factors. Through the analysis of the relationship between the 
cell abundance of phytoplankton dominant species and both 
surface water and 0–200 m water column environmental 

factors, differences were observed, which may be related to 
the spatial distribution differences of the dominant species 
(Figure 8). 

 
Figure 8  RDA analysis of dominant phytoplankton species and environmental factors in 0 m layer and 0–200 water column. A, Chaetoceros 
dichaeta; B, Pseudo-nitzschia lineola; C, Chaetoceros curvisetus; D, Chaetoceros atlanticus; E, Fragilariopsis curta; F, Chaetoceros 
bulbuosus; G , Pseudo-nitzschia prolongatoides; H, Fragilariopsis kerguelensis; I, Proboscia alata; J, Corethron pennatum; K, Cylindrotheca 
Closterium; L, Chaetoceros concavicornis. 

4  Discussion 

4.1  Characteristics of phytoplankton community 
structure 

Diatoms constituted the primary functional group in 
the net-collected phytoplankton of the Cosmonaut Sea, 
which is consistent with the findings of large diatoms 
during the BROKE-West voyage (Davidson et al., 2010). 
The species observed in this survey were primarily 
long-chained, large-celled diatom species, specifically from 
the genera Chaetoceros, Pseudo-nitzschia, and 
Fragilariopsis. Davidson et al. also identified large diatoms, 
dominated by Fragilariopsis spp. and Chaetoceros spp., in 
the water (Davidson et al., 2010). Historical data indicate 
that diatoms possess a significant advantage within the 
phytoplankton community of the Southern Ocean (Shramik 
et al., 2013; Wolf et al., 2013), especially in the Weddell 
Sea and Prydz Bay adjacent to the survey area. Moreover, 
diatoms are major contributors to the biomass of large 
phytoplankton during comparable survey periods 
(Browning et al., 2021; Deshmukh et al., 2024).  

The mesh size of plankton nets significantly influences 
sample composition (Hernroth, 1987). Net sampling often 
omits small phytoplankton while overestimating larger or 
colonial diatoms, potentially biasing abundance reports 
(Jiang et al., 2020). Consequently, this methodology better 

captures long-chain, large-celled phytoplankton than water 
collection methods (Jiang et al., 2020). However, small taxa 
prevalent in BROKE-West voyage water samples, such as 
the diatom Nitzschia, certain Gymnodinium dinoflagellates, 
and the abundant Phaeocystis, may have been 
underrepresented (Davidson et al., 2010). Such omissions 
could impact analyses of large phytoplankton via 
interspecific competition. Net sampling is also susceptible 
to blockage (Skjoldal et al., 2013), particularly by diatom 
and Phaeocystis cysts (Davidson et al., 2010), which can 
allow smaller organisms to enter samples in bloom 
conditions. Furthermore, net sampling may inadequately 
capture the spatial heterogeneity of phytoplankton 
communities influenced by water-mass biogeochemistry 
(e.g. advection and mixing, Zoccarato et al., 2016). This 
limitation is reflected in our observed differences between 
phytoplankton abundance relationships with surface versus 
water-column environmental factors (Figure 7). 

In comparison to the global phytoplankton biodiversity 
reported by Irigoien et al. (2004), the Shannon-Wiener 
diversity index of phytoplankton in the Cosmonaut Sea was 
low, indicating the diversity of net-collected phytoplankton 
is at a low level, which aligns with findings regarding the 
low native biodiversity in this region (Davidson et al., 
2010). Davidson et al. (2010) also observed that the 
abundance and diversity of large diatoms and 
dinoflagellates increased only in the coastal waters of this 
region. However, in the current survey, the diversity index 
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and evenness index of large phytoplankton in the coastal 
waters were significantly lower than the average levels. 

The phytoplankton exhibited significant regional 
differences in this survey. Some studies have shown that the 
spatial distribution of phytoplankton analyzed by net 
samples is basically consistent with that of water samples 
(Jiang et al., 2020). Given this, our findings, based on net 
sampling methods, exhibit both similarities and 
discrepancies when compared to the results of the 
BROKE-West voyage, which utilized water sampling 
methods (Davidson et al., 2010). In this study, two species 
of dinoflagellate Alexandrium sp. and D. acuminata were 
found to dominate the Cluster b in the western part of the 
survey area. Davidson’s analysis also showed that this area 
lacked long-chained, large-celled phytoplankton species 
such as Chaetoceros, Thalassiosira, and Pseudo-nitzschia, 
primarily due to the abundant presence of Phaeocystis and 
unidentified nanoheterotrophic protists (Davidson et al., 
2010). In contrast to the findings of Davidson et al. (2010), 
this survey found that in communities in the central of the 
survey area, the dominance of C. dichaeta and C. curvisetus 
was greater than that of C. atlanticus, which was a main 
dominant species in their study. Moreover, another 
long-chained dominant species, Thalassiosira (Davidson et 
al., 2010), did not establish dominance in this survey. 

4.2  Effects of environmental factors on phytoplankton 
community structure 

Similar to previous studies (Abram et al., 2013), the 
survey period in our research area coincided with the 
ice-melting season, which was characterized by an obvious 
retreat of sea ice. In regions with high sea ice concentration, 
glacial meltwater input altered surface salinity, promoting 
the formation of shallow mixed layers and resulting in a 
northward increase in salinity from the coast (Pan et al., 
2020). In ice-free areas, solar radiation continued to serve 
as a heat source (Allison et al., 1993), in conjunction with 
the presence of the mixed layer. Additionally, the influence 
of the Antarctic Slope Current, Weddell Gyre and Antarctic 
Circumpolar Current facilitated the influx of nutrients, 
dissolved oxygen, and substantial organic matter, thereby 
promoting the growth and reproduction of phytoplankton 
(Moreau et al., 2023). 

Generally, the phytoplankton structure is influenced by 
various factors, including temperature and nutrient 
availability within the survey area. Temperature can limit 
the growth of diatoms in the Southern Ocean (Jabre et al., 
2021). Westwood et al. (2010) found that lower 
temperatures associated with meltwater had no adverse 
effects on primary production. Major nutrients can be 
limiting factors for phytoplankton growth (Krishnamurthy 
et al., 2010), with various phytoplankton species exhibiting 
distinct preferences for specific nutrients. Silicon, a key 
component of the silicified cell walls of diatoms, is essential 
for their growth and reproduction (Allen et al., 2005; 

Martin-Jézéquel et al., 2000). A highly significant negative 
correlation exists in the survey area between the abundance 
of phytoplankton and diatoms and surface silicate 
concentrations likely due to the significant consumption of 
silicate by diatoms (Figure 8). The survey conducted on the 
BROKE-West voyage also found that the areas with 
thriving diatom populations were characterized by low 
silicate concentrations (Westwood et al., 2010). Nitrogen 
and phosphorus are also limiting factors for phytoplankton 
growth and development (Bristow et al., 2017). The optimal 
N/P ratio for diatoms is 16:1 (Redfield, 1958). Under 
conditions of low phosphate concentration, diatom growth 
is more likely to be inhibited compared to other 
phytoplankton groups. In environments with a high N/P 
ratio, the competitive ability of diatoms declines (Bi et al., 
2021). Most stations in this region had an N/P ratio less 
than or close to 16:1, therefore increases in inorganic 
nitrogen and phosphorus can promote phytoplankton 
growth (Tyrrell, 1999). The differential effects of nitrite and 
nitrate on phytoplankton in this region, may be related to 
diatom’s selective preference for different forms of nitrogen 
(Admiraal et al., 1987, Li Z Z et al., 2024). Another 
possibility is that phytoplankton consume high 
concentrations of nitrate while releasing nitrite (Collos, 
1998), resulting in a highly significant positive correlation 
between nitrite and phytoplankton abundance. Therefore, 
nitrate is likely to be a controlling factor for the 
phytoplankton in this area, whereas low concentrations of 
nitrite are more suitable for predicting the distribution of 
phytoplankton. 

Additionally, there are similarities in the influence of 
environmental factors in this study (Table 1 and Figure 8). 
Notably, the potentially toxic species Pseudo-nitzschia sp., 
which has recently been confirmed to produce the the 
neurotoxins domoic acid and iso-domoic acid C 
(Brito-Echeverría et al., 2025; Olesen et al., 2021), shows a 
positive response to various nutrients (Figure 7). 
Brito-Echeverría et al. (2025) further demonstrated that 
eutrophication in Antarctic coastal areas significantly 
influenced the frequency of harmful algal blooms. Their 
research also suggested that carbon dioxide, a key 
environmental factor, can affect domoic acid production by 
Pseudo-nitzschia sp. (Brito-Echeverría et al., 2025). Unlike 
other dominant species, F. curta was significantly 
influenced by dissolved oxygen levels in seawater and was 
negatively affected by various nutrients (Figure 8). This 
phenomenon may stem from the mesh of the sampling net, 
which can become clogged with long, large phytoplankton 
diatoms, leading to the extensive capture of smaller, 
dominant F. curta. With their small cell volume and 
relatively high surface area-to-volume ratio, these small 
phytoplankton significantly contribute to CO2 fixation in 
the Southern Ocean (Irion et al., 2021), and their release of 
O2 also varies with abundance. Moreover, the high 
abundance of F. curta often coincides with significant 
nutrient depletion in the water column (Davidson et al., 
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2010), thereby reinforcing the negative correlation of 
nutrients on net-collected samples. 

Distinct communities formed near the coast of the 
survey area, potentially related to the significant gradient of 
mixed layer depth from west to east (Westwood et al., 2010). 
Cluster a locates in this area with the lowest phytoplankton 
species diversity. The influence of sea ice meltwater (Qi et 
al., 2025) can elevate dissolved oxygen in this region, 
stimulating the growth of F. curta, while a large number of 
small algae, such as Phaeocystis sp., exist in the water 
column (Davidson et al., 2010), resulting in low nutrient 
levels. Cluster b (the western part of the survey area) is 
associated with a region influenced by the Weddell Gyre 
and the Antarctic Slope Current where dinoflagellates are 
the primary dominant species. In particular, toxic 
phytoplankton like Alexandrium sp. and Dinophysis sp. 
exhibit high tolerance to temperature changes, and silicate 
concentration is likely a key influencing factor 
(Brito-Echeverría et al., 2025, Ho et al., 2003, Krock et al., 
2020). This area is also limited in the growth of diatoms due 
to the low nitrogen utilization rate (Kolody et al., 2022), 
resulting in a high concentration of silicate in this region. 
Cluster e, located further from the coast and sea ice, aligns 
with historical data (Davidson et al., 2010) and serves as a 
hotspot for the abundance and biomass of macrocellular, 
long-chain phytoplankton. Additionally, this area exhibited 
a high zooplankton abundance during the study period, with 
the elevated phytoplankton concentrations promoting the 
reproduction and growth of zooplankton, especially 
copepods (Mou et al., 2021), which dominated the plankton 
ecosystem through the top-down effect. 

5  Conclusion 

Research on the structure of the net-collected 
phytoplankton and its relationship with environmental 
factors during the summer of 2020/2021 revealed that the 
phytoplankton species in Cosmonaut Sea are predominantly 
composed of diatoms and dinoflagellates, with diatoms 
being the primary contributors to abundance and biomass. 
The dominant species in this region are all diatoms, with 
C. dichaeta (Y=0.18) identified as the most prevalent. Other 
notable genera include Pseudo-nitzschia, Chaetoceros, and 
Fragilariopsis, characterized by their long chains and 
large-cell structures. Their larger surface area-to-volume 
ratio facilitates the absorption of essential nutrients, 
including nitrogen (N) and phosphorus (P). The abundance 
and biomass of phytoplankton in this area exhibit a 
decreasing trend from the northern sea region to the 
nearshore. Most areas display low species diversity, with 
particularly low diversity levels noted in the southwest. 
Furthermore, species distribution is uneven, and the 
community structure appears fragile. Cluster analysis 
identified distinct planktonic communities formed in 
nearshore versus offshore areas. Nearshore communities 

varied from west to east, while offshore communities were 
more homogeneous and associated with regions of higher 
biomass and biodiversity. This pattern is potentially 
influenced by sea ice meltwater and ocean circulation. The 
cellular abundance of phytoplankton in this area is closely 
related to the distribution of various nutrients, particularly 
silicate and nitrite, with silicate exerting a significant 
negative impact on both phytoplankton abundance and the 
composition of dominant species. Our correlation analyses 
reveal species-specific environmental thresholds governing 
community assembly—notably C. dichaeta’s nitrate 
dependence and F. curta’s sensitivity to dissolved oxygen. 
These quantifiable relationships significantly improve 
predictive models of phytoplankton regime shifts under 
projected climate scenarios, highlighting the need for 
sustained monitoring of nonlinear interactions between 
warming-induced stratification and micronutrient limitation. 
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