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The distribution characteristics of size-fractionated Chlorophyll a (Chl-a) and the
environmental factors were studied in the coastal area of the Leizhou Peninsula
in January 2022. The result showed that Chl-a ranged from 0.39 to 4.78 mg/m?®
(averaging 1.21 mg/m?) at the surface and 0.43 to 2.78 mg/m® (averaging 1.04
mg/m?) at the bottom layer, respectively. The spatial distribution of Chl-a
concentration was associated with salinity. High Chl-a concentration was
observed in the eastern part of the Leizhou Peninsula characterized by lower
salinity, and low Chl-a concentration in Qiongzhou Strait with higher salinity.
Nanophytoplankton (2-20 pum) was the dominant contributor, accounting for
61.3% and 63.7% of the total Chl-a at the surface and bottom layer, respectively.
Both microphytoplankton (>20 pum) and nanophytoplankton displayed increased
Chl-a with the increase in total Chl-a. Salinity, nutrients and temperature appear
to influence the phytoplankton size structure in the coastal area of the Leizhou
Peninsula. Additionally, the regulation of nutrient varied among phytoplankton of
different sizes. This study contributed to our understanding of coastal ecosystem
processes and has potential implications for coastal management and
monitoring efforts.
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1 Introduction

The size structure of phytoplankton communities plays an
important role in influencing the function of aquatic ecosystems
(Fortier et al., 1994; Froneman et al., 2004), since a suite of
phytoplankton biochemical functions was associated with size, such
as metabolic rate, growth and nutrient uptake (Finkel et al,, 2009).
The photo-physiological properties of phytoplankton varied
depending on the cell size (Uitz et al, 2008). Large cells may be
more efficient in carbon storage than the smaller cells. Hence, the size
of phytoplankton directly impacts the photosynthetic rate and ocean
heating. The export production of phytoplankton was also influenced
by size. Generally, large phytoplankton cells tend to be grazed by large
zooplankton via a short, classical food chain, showcasing a substantial
capability for organic matter exportation (Rousseaux and Gregg,
20145 Tilstone et al., 2017). This transfer of fixed carbon and nutrients
from the surface to the deep ocean leads to the prolonged
sequestration of carbon from the ocean-atmosphere system, with a
time scale spanning hundreds to thousands of years (Eppley and
Peterson, 1979; Falkowski et al., 2000). In contrast, the carbon fixed
by small phytoplankton cells primarily undergoes transfer through
the microbial food web, facilitating the recycling of organic matter
within the euphotic layer (Azam, 1998). Therefore, studies of the
mechanisms that regulate the size distribution of the phytoplankton
community in relation to environmental forcing can provide greater
insight into spatio-temporal variability of the food web structure and
the regulation of the biological pump.

The major photosynthetic pigment in marine phytoplankton,
Chlorophyll a (Chl-a), is generally thought to be the most widely
used proxy of total phytoplankton biomass (Behrenfeld and
Falkowski, 1997). The Chl-a concentration can be routinely
estimated using satellite remote sensing, in situ (fluorometers), or
measured on filtered discrete samples though the fluorometric
method (Liao et al., 2021), while the phytoplankton carbon was
more challenging to measure. Phytoplankton can be typically
classified into three size classes: microphytoplankton (>20 pm),
nanophytoplankton (2-20 pm), and picophytoplankton (<2 pum)
(Sieburth et al., 1978). Generally, picophytoplankton dominate in
oligotrophic waters such as the subtropical gyres, while
nanophytoplankton and microphytoplankton in eutrophic water,
especially the upwelling areas (Brewin et al., 2010; Uitz et al., 20105
Marafnon et al,, 2012). Numerous studies have been conducted to
examine the factors that drive spatial gradients in phytoplankton
size structure in the world’s oceans. It is widely recognized that
phytoplankton size structure is influenced by both top-down
(predation-driven) and bottom-up (resource-driven) controls.
Zooplankton shape the size structure of the phytoplankton
community through their grazing activities (Varela et al., 2002).
The presence of nutrients, which can be a consequence of
eutrophication processes, can promote the growth and dominance
of specific phytoplankton species (Albin et al., 2022).
Environmental factors such as temperature and light also play a
significant role in shaping the size structure of the phytoplankton
community (Cermeno et al., 2005; Kocum and Sutcu, 2013; Lopez-
Urrutia and Moran, 2015). Moreover, changes in hydrodynamic
conditions, including water mixing and turbulence, could lead to
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shift in phytoplankton species composition (Riegman et al., 1993).
These factors interact in complex ways, and their relative
importance can vary across different regions and ecosystems.

The Leizhou Peninsula is the third-largest peninsula in China and
is located at the southern tip of the Chinese mainland (Xia et al.,
2022). It covers an area of more than 13000 km? and has a coastline
that is approximately 1450 km long. The Leizhou Peninsula is
surrounded by the Zhanjiang Bay to the east, the Qiongzhou Strait
to the south, and the Beibu Gulf to the west. The coastline of the
peninsula is winding, and there are numerous harbors and islands
near the peninsula. The coastal region of the Leizhou Peninsula is a
complicated system that is influenced by multiple factors, including
riverine inputs, tide processes, and human activities (Zhang et al.,
2021). For example, an irregular semi-diurnal tide is observed on the
east coast of the Leizhou Peninsula, while the west coast experiences a
regular diurnal tide. The differences in terrestrial input and
hydrodynamic conditions around the Leizhou Peninsula were
associated with the distinct spatial variations in nutrient structure
and phytoplankton abundance in the coastal areas. East coast of the
Leizhou Peninsula exhibited phosphorus limitation, while the west
area was nitrogen limitation (Feng et al.,, 2019). Phytoplankton cell
abundances are more than 10 times higher in the northeast coastal
areas compared to the southeast coastal areas of the Leizhou
Peninsula (Gong et al., 2012). Coastal waters around the Leizhou
Peninsula provide an interesting location to explore relationships
between phytoplankton community and environmental variability.
However, the distribution characteristics of phytoplankton particle
size structure at this region remain poorly understood. This study
aims to fill this knowledge gap by evaluating the distribution
characteristics of phytoplankton particle size structure and its
relationship with environmental factors in the coastal waters of the
Leizhou Peninsula. By exploring the regulatory mechanisms of
environmental factors on phytoplankton size structure, this
research seeks to provide insights into the complex interactions
shaping the phytoplankton community in this region.

2 Materials and methods

2.1 Study area

A cruise (R/V Tianlong) was conducted in the coastal waters of
Leizhou Peninsula during January 4 to January 11, 2022. A total of 43
stations were visited (Figure 1). These stations were strategically
chosen to investigate and compare the distinct characteristics of these
regions in terms of their nutrient dynamics, phytoplankton
communities, and hydrodynamics. To facilitate a comparison
between regions in the study, the areas were grouped as follows:
The Qiongzhou Strait consisted of stations B22, B23, B24, B27, B41,
B43, B50, B51 and B52. The east coast of the Leizhou Peninsula
encompassed stations B1, B2, B3, B8, B9, B10, B11, B12, B14, B15,
B17, B49, B53, B54 and B55. The remaining stations were designated
as the west coast of the Leizhou Peninsula. Temperature and salinity
were determined by using a WQMx water quality monitor (Sea-Bird
Scientific). Water samples were collected by Niskin bottles for the
measurements of nutrient concentrations and size-fractionated Chl-a
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FIGURE 1

Sampling stations in the coastal zone of the Leizhou Peninsula in January 2022.

at both the surface and bottom layers (3 m above the seabed). Water
depth of stations ranged between 9.5 to 85 m (Figure 1). The average
water depth of all the stations was 24.6 m.

2.2 Sampling and analysis

For the size-fractionated Chl-a concentrations measurement,
water samples of 0.5-1 L were sequentially filtered through 20 pm, 2
pm and 0.2 pm pore size Millipore filters. The filters were kept in
dark and stored in a —20°C freezer until laboratory analysis. After
the extraction in 90% acetone for 24 h, Chl-a was measured
fluorometrically using a fluorometer (Turner Designs, 10-AU)
before and after acidification (Knap et al., 1996). The total Chl-a
was calculated by summing each size-fractionated Chl-a.

Water samples for nutrients determination were filtered
through 0.45 um membranes and subsequently stored in 100-mL
polyethylene bottles at —20°C. The concentrations of nitrate (NO5’),
nitrite (NO,"), ammonium (NH,"), phosphate (PO4*) and
dissolved silicate (SiO;>") were measured using an auto-analyzer
(Skalar Analytical SAN++, Netherlands) (Weatherburn, 1967; Knap
et al,, 1996). Nitrate was determined by reduction to nitrite via a
copperized cadmium column. Nitrite was determined by
diazotizing with sulfanilamide and coupling with N-(1-naphthyl)
ethlyenediaminie dihydrochloride. The phenol-hypochlorite
reaction was used for ammonium analysis. Phosphorus analysis
was performed by the molybdenum blue method, and SiO3> by the
silicomolybdate blue method. Dissolved inorganic nitrogen (DIN) is
the sum of ammonium, nitrite and nitrate.

2.3 Statistical analysis

The Figures were plotted using Ocean Data View and ArcGIS 10.8
software. Comparisons involving multiple groups were performed
using a one-way analysis of variance (ANOVA) conducted with
SPSS software. The relationship between phytoplankton size
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structure and environmental variables was analyzed using the
CANOCO 5 software. The redundancy analysis (RDA) was chosen,
since the maximum gradient length of detrended correspondence
analysis was shorter than 3.0 (Zhang et al,, 2014). The results of the
Monte Carlo permutation test showed all the canonical axes were
significant (p<0.05), indicating phytoplankton size structure and
environmental factors were highly correlated. Pearson’s correlation
analysis was used to identify which environmental factor has a
significant impact on size-fractionated Chl-a.

3 Results
3.1 Temperature and salinity

The surface temperature in the studied area varied between 18.50°
C and 21.29°C, with an average value of 20.21°C. The highest surface
temperature was found at the southwest part of the Leizhou Peninsula
(station B28), while the lowest temperature was observed in the north
of Beibu Gulf (station B47) (Figure 2A). Regarding the bottom layer,
temperatures ranged from 18.50°C to 20.74°C, with an average of
20.08°C. The highest temperature in the bottom layer was also found
at the southwest part of the Leizhou Peninsula (station B34), and the
lowest at station B47. It should be noted that there was no significant
difference in temperature between the surface and bottom layers.

The surface salinity in the studied area varied between 31.34 and
33.44, with an average salinity of 32.65. At the bottom layer, salinity
ranged from 31.17 to 33.45, with an average of 32.67. The highest
salinity was detected at the Qiongzhou Strait, while the lowest
salinity was observed at the mouth of Leizhou Bay (Figures 2C, D).

3.2 Nutrients

Surface nitrate concentrations varied from 2.25 to 13.28 umol/L,
with an average of 5.40 umol/L (Figure 3A). High surface nitrate
concentration was found at the waters near the Leizhou Bay and
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The horizontal distribution of temperature and salinity in the coastal water of the Leizhou Peninsula in January 2022 (Surface: A, C; Bottom: B, D).

Zhanjiang Bay. Concentration of nitrate presented a seaward
decreasing trend in the surface water. The spatial distribution of
surface nitrite was similar to that of nitrate. However, the average
nitrite was ~0.05 umol/L, which was much lower compared to
nitrate and ammonium at the surface. Surface ammonium
concentration was lower than 3.50 umol/L in most areas, except
four stations (30, 39, 41, 49) characterized by high ammonium
concentration (>15.00 pmol/L). Phosphate and silicate
concentrations varied between 0.21 to 1.45 pmol/L and 1.96 to
17.22 umol/L, respectively, with high values occurring in the water
near the Zhanjiang Bay. The bottom nitrate concentrations ranged
between 2.01 to 8.68 pmol/L (Figure 3B). Averaged phosphate and
silicate concentrations were slightly higher at bottom (0.99 and
10.31 pmol/L) than at surface (0.71 and 7.53 pumol/L).

3.3 Total and size-fractionated Chl-a

Surface Chl-a concentration was in the range of 0.39 to 4.78 mg/
m?, with an average of 1.21 mg/m”. The surface Chl-a concentration
was high in Zhanjiang Bay and Leizhou Bay, particularly at station
B15, where the Chl-a concentration reached 4.78 mg/m3
(Figure 4A). The phytoplankton size structure in the Zhanjiang
Bay and Leizhou Bay was dominated by the nano-fraction, with
64.5% of the phytoplankton being in the nano-size range at the
surface and 72.3% at the bottom (Figure 4). However, the lowest
surface Chl-a was found at the mouth of Zhanjiang Bay (station B1)
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where microphytoplankton was dominant (64.8%). High Chl-a
concentrations were also found at the waters of Weizhou Island
(stations B45 and B46). The size structure of the phytoplankton
community was dominated by micro-phytoplankton in these two
stations where proportion of micro-phytoplankton Chl-a to total
Chl-a was 47.9% at surface and was 63.9% at bottom. The
Qiongzhou Strait was characterized by a comparatively low Chl-a
concentration, and the community structure in this area was
dominated by pico- and nano-size organisms. Low Chl-a
concentration also observed at the stations B39 and B47, which
are located in the north part of the Beibu Gulf, and these stations
exhibited a high proportion of picophytoplankton. Bottom Chl-a
concentration was in the range of 0.42 to 2.77 mg/m’, with an
average of 1.04 mg/m’. At the bottom, the waters near Weizhou
Island exhibited the highest Chl-a concentration, while the lowest
Chl-a concentration was observed at station B47, located in the
northern part of the Beibu Gulf. Nanophytoplankton was
dominated at most stations, accounting for 61.3% of the
phytoplankton community at the surface and 63.7% at the bottom.

The Chl-a concentration of pico- and micro-sized
phytoplankton did not exhibit significant differences among the
three regions: the eastern and western parts of the Leizhou
Peninsula and the Qiongzhou Strait (Table 1). The surface Chl-a
concentration of nano-sized phytoplankton was the highest in the
eastern part of the Leizhou Peninsula. Furthermore, at the bottom,
nanophytoplankton showed significantly higher levels in the eastern
part of the Leizhou Peninsula compared to both the western region
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and the Qiongzhou Strait. The distribution of total Chl-a
concentration followed a similar pattern.

The size structure of phytoplankton showed a correlation with
the total Chl-a concentration. (Figure 5). The Chl-a concentration
of microphytoplankton and nanophytoplankton was significantly
positive with the total Chl-a concentration at both surface and
bottom (p<0.01). The Chl-a concentration of picophytoplankton
exhibited a negative relationship with the total Chl-a concentration
at both the surface and bottom. However, this relationship did not
reach statistical significance.

3.4 Relationships between environmental
variables and Chl-a

The RDA analysis provided further insight into the relationship
between phytoplankton size structure and environmental variables. At
the surface, the first two axes of the RDA explained 88.36% and 10.44%
of the total variation for the relationship between phytoplankton size
structure and environmental variables, and the eigenvalues were 0.293
and 0.035, respectively. At the bottom, the first two axes of the RDA
explained 65.65% and 32.23% of the total variation for the relationship
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The horizontal distribution of size-fractionated Chl-a concentration in the coastal water of the Leizhou Peninsula in January 2022 (Surface: A; Bottom: B).

between phytoplankton size structure and environmental variables,
and the eigenvalues were 0.220 and 0.108, respectively (Figure 6).
East West Qiongzhou Above results indicated that there was a significant correlation between
coast coast Strait phytoplankton size structure and environmental variables. At the
surface layer, the Chl-a concentration of nanophytoplankton showed

TABLE 1 Mean + SD of Chl-a (mg/m?) in three regions.

Pico- 023 +0.15* 024+ 0.12° 0.18 +0.17° - ) T ) .
a positive correlation with nitrite (p<0.05) and a negative correlation
a ab b . .. .. . .
S Nano- 104+075° | 0.62+0.22 050 £0.18 with salinity (p<0.01). However, no significant relationship was found
urface
Micro- 028 + 041*° 029 + 0.30° 0.10 + 0.06* between environmental factors and Chl-a of picophytoplankton and
_ . microphytoplankton at the surface.

Total 154 + 1.06° 115+ 0.44° 0.78 + 0.19 )

At the bottom layer, the Chl-a of picophytoplankton was
Pico- 0.11 £0.07*  0.13 % 0.10° 0.07 + 0.06°

significantly negatively correlated with temperature, silicate
Nano- 090 £ 0.47* 053 +0.18" 051 + 0.19° concentration, and nitrate concentration. The Chl-a of

Bottom i nanophytoplankton showed a positive correlation with nitrate
Micro- | 0.24 £028%  0.35 % 0.52° 0.11 £ 0.07* o i ) ) ) .
and nitrite concentration, and a negative correlation with salinity
a ab b . . . . .
Total 126 064" | 1.02£0.57 0.70 +0.17 (Figure 6B). There was no significant relationship was found
The different superscript letters denoted significant difference at the level of p<0.05. between Chl-a of microphytoplankton and environmental factors.
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The relationship between size-fractionated Chl-a and total Chl-a in the coastal water of the Leizhou Peninsula in January 2022 (Surface: A;

Bottom: B).

4 Discussion

4.1 Spatial variations in Chl-a

Due to limited research on size-fractionated Chl-a in the
studied area, we compared our findings with other regions that
shares similar latitudes, such as the South China Sea. In the
northern South China Sea, the concentration of Chl-a was found
to be 0.36 mg/m3 in shallow water (<200 m), and nano- and
picophytoplankton accounted for 50.99% and 39.30% of total
phytoplankton biomass, respectively (Liu et al., 2016). In the
oligotrophic northern South China Sea, the Chl-a concentration
further decrease to 0.23 mg/m’, and picophytoplankton became the

major contributor to total phytoplankton biomass, accounting for
52.87% (Li et al., 2022). These results indicated a decrease in Chl-a
concentration and a transition in dominant species from nano-sized
to pico-sized phytoplankton from the coastal to the basin areas in
the northern South China Sea.

In this study, there was a general trend of decreasing Chl-a
concentration along the salinity gradient, which was evidenced by the
negative relationship between salinity and Chl-a concentration in this
study (Figure 6). The noticeable high Chl-a concentration was
observed in the east coast of the peninsula (Table 1), especially the
Zhanjiang Bay and Leizhou Bay (Figure 4). Feng et al. (2019) has
reported that the surface Chl-a has a range between 0.09 to 7.35 mg/
m? in the coastal waters of the peninsula in autumn, and the highest
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FIGURE 6

The RDA analysis of size-fractionated Chl-a and environmental factors in the coastal water of the Leizhou Peninsula in January 2022 (Surface: A;

Bottom: B).
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value was found at the mouth of Zhanjiang Bay. Gong et al. (2012)
showed the phytoplankton cell abundance was the highest in the
northeast part of the peninsula. Zheng et al. (2014) has investigated
the size-fractionated Chl-a in Zhanjiang Bay, and showed the Chl-a
was highest in the summer (21.37 mg/mz), followed by autumn (6.49
mg/m®) and spring (3.05 mg/m?). Furthermore, microphytoplankton
dominated in Zhanjiang Bay during the summer and autumn
seasons, whereas picophytoplankton dominated during the spring
season (Zheng et al., 2014). The high phytoplankton biomass in these
areas could be attributed to the influence of higher river discharge, as
indicated by the low salinity levels (Figure 2). Several rivers, including
the Nandu River, Xixi River, Tongming River and Jianjiang River,
transport industrial, agricultural, and domestic wastewater into the
northeast part of the peninsula (Xia et al, 2022). In addition,
aquaculture activities, specifically fish farming, are potential sources
of nutrients that can support the growth of phytoplankton in the
northeast part of the peninsula. Results from a hydrodynamic
numerical model showed that average concentration and fluxes of
land-sourced pollutants in Zhanjiang Bay were very high (Chen et al,,
2023). Feng et al. (2019) found that the increase in nitrogen
discharges during the rainy days could further increase the biomass
in the northeast part of the peninsula.

High Chl-a concentrations were also found in waters of the
Weizhou Island (stations B45 and B46). The island is a popular
tourist destination and heavily influenced by anthropogenic
activities (Yu, 2012; Chen et al, 2013). However, nutrients in
these two stations were comparatively low, probably due to
external nutrients were exhausted during the studied period. Feng
et al. (2019) have also found high Chl-a areas with low nutrients
concentration in the coastal waters of Leizhou Peninsula in autumn.
Many studies have observed a negative correlation between
phytoplankton biomass and nutrient concentrations in coastal
waters (Li et al., 2013; Zhang et al., 2015; Li, 2019). This negative
correlation is commonly explained by the significant utilization of
nutrients by phytoplankton during their growth in areas with high
phytoplankton biomass.

The lower Chl-a concentration in the southwest coast (stations
B25, B28, B29, B34, B35, B40 and B42) could be attributed to followed
reasons. Firstly, this area exhibited a limited input of terrestrial
nutrients, as evidenced by high salinity (~33.0) (Figures 2, 3).
Secondly, the strong water exchange capacity in this area facilitated
the removal of nutrients and others materials (Zhang et al., 2010).
Additionally, during the survey period, the southwest coast of the
Leizhou Peninsula was primarily influenced by warm, oligotrophic
offshore waters (Figure 2). These offshore waters are known for their
low nutrient concentrations, which restrict the growth of
phytoplankton and consequently lead to reduced Chl-a concentrations.

Similar to the findings of Feng et al. (2019), Chl-a concentration
in Qiongzhou Strait was low (Table 1). During winter, the Qiongzhou
Strait experienced a strong westward residual flow that possesses high
energy (Shi et al, 2002; Chen et al, 2009). This flow carries a
substantial amount of nutrients and materials away from the
Qiongzhou Strait, leading a low concentration of Chl-a.
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4.2 Role of environmental forcing in the
regulation of phytoplankton size structure

In this study, temperature, salinity and nutrients were identified to
have a significant effect on the phytoplankton size structure.
The negative relationship between temperature and biomass
of picophytoplankton was detected in the bottom water.
Synechococcus and Prochlorococcus are the primary components of
picophytoplankton in the oceans. According the study conducted by
Xiao et al. (2019), the relative abundances of both Synechococcus and
Prochlorococcus increased as the temperature increased within the
range of 20.6°C to 31.2°C in the South China Sea, which is in
contradiction to our findings. Although temperature was statistically
significantly related to the biomass of picoplankton, its effect cannot be
statistically separated from other environmental factors, such as
nutrients (Agawin et al, 2000). In this study, the lowest temperature,
combined with low nutrient levels, was observed in the northern region
of Beibu Gulf (Station B47) where the phytoplankton community was
dominated by picophytoplankton. This was likely the reason for the
negative correlation between picophytoplankton abundance and
temperature. Marafion et al. (2012) emphasized that resource
availability, rather than temperature, was the key factor explaining
the relative success of different algal size classes by conducting a meta-
analysis of published data throughout the global oceans. Our study
found that salinity has a greater impact on the distribution of
phytoplankton size structure in the coastal area of the Leizhou
Peninsula. Actually, salinity not only reflects the influence of osmotic
pressure changes on phytoplankton (Baklouti et al., 2011), but also can
indicate the mixing degree of coastal and offshore waters. Therefore,
the negative correlation between salinity and nutrient concentration is
a commonly observed pattern in many aquatic systems (Iwata et al,
2005; Liu, 2023). Nutrients were commonly regarded as the main
factors affecting the abundance and community composition of
phytoplankton (Rousseaux and Gregg, 2015; Villafane et al., 2015).
Generally, large-size phytoplankton, with their higher maximal growth
rate and larger half-saturation constant, have a competitive advantage
in nutrient-rich waters, while picophytoplankton, with a greater surface
to volume ratio, have a competitive advantage in oligotrophic waters
(Carrillo et al, 2008). Along the salinity gradient, the biomass of
microphytoplankton and nanophytoplankton decreased gradually
(Figures 2, 4, 6). This is because nutrients input from rivers can
favors the growth of larger-size phytoplankton. Nanophytoplankton
are the dominant community in the study area, and the biomass of
nanophytoplankton was negatively correlated with salinity. Moreover,
the nanophytoplankton biomass was positively correlated with nitrite
at the surface and with nitrate at the bottom. This likely suggests that
nitrite and nitrate are favorable for the growth of nanophytoplankton.
It has been reported that diatoms are the dominant group of
phytoplankton in the coastal water of Leizhou Peninsula (Zhu et al,
2003; Gong et al,, 2012). As cell size of diatoms typically larger than 2
um, we infer that the nanophytoplankton community was dominated
by diatoms. Diatoms are known to preferentially utilize nitrate as a
source of nitrogen for their growth and metabolic processes
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(Glibert et al,, 2016). The optimal ratio for phytoplankton to absorb
nutrients is often described as N:P = 16:1. When ratio of a certain
nutrient in the water deviates from the optimal ratio, it will potentially
limit the growth of phytoplankton. In this study, the measured nitrogen
to phosphorus ratios of 11:1 at the surface and 7.9:1 at the bottom
indicated a potential nitrogen limitation in the studied area, which was
consistent with Gong et al. (2012). Moreover, Chen et al. (2023)
showed that most of the Zhanjiang Bay waters has been restricted by
nitrogen for over a decade. As a result, the biomass of
nanophytoplankton was regulated by nitrogen but not phosphorus in
this study. The lower N:P ratio observed at the bottom compared to the
surface can be attributed to denitrification processes (Ward, 2013),
indicating a more severe nitrogen limitation at the bottom layer. Hence,
the nanophytoplankton biomass was regulated by nitrate at bottom.
Similarly, Liu et al. (2016) has shown that Chl-a of microphytoplankton
and nanophytoplankton were positively correlated with DIN and
silicates in the northern South China Sea. A mesocosm experiment
demonstrated that phosphorus-enrichment caused no obvious effect on
phytoplankton growth, while nitrogen-enrichment greatly increased
Chl-a concentration in Daya Bay, northern South China Sea (Song
et al, 2019). However, phosphorus limitation was detected in the
northern South China Sea during late summer due Pearl River
discharge which was characterized by high concentrations of nitrate
(~100 pmol/L) and relatively low phosphate (~1 pmol/L) (Xu et al,
2008). In addition to the influence of nutrients, grazing by zooplankton
can contribute to the dominance of nanophytoplankton. When
zooplankton selectively consume larger-sized phytoplankton, it can
create favorable conditions for the proliferation of smaller-sized
phytoplankton, such as nanophytoplankton. Previous study has
found that grazing mortality of microphytoplankton increases
significantly with the increase in total Chl-a concentration in the
northern South Chia Sea (Dong et al, 2018). Abundance of
picophytoplankton was negatively correlated with nitrates and
silicates, suggested the picophytoplankton tend to thrive in
environments with low nutrient concentrations. In the northern
South China Sea, picophytoplankton Chl-a was found to negative
with DIN and silicates (Liu et al., 2016). And the similar phenomenon
was also observed in Jiaozhou Bay (Sun and Sun, 2012). Moreover, the
size structure of phytoplankton was correlated with its biomass. The
Chl-a concentrations of micro- and nanophytoplankton increased with
rising total Chl-a levels (Figure 5). This result was consistent with
previous reports that large phytoplankton dominated in coastal waters
with relatively high Chl-a concentrations (Wei et al, 2022). Chl-a
played a key role in modeling the size structure in remote sensing
applications. In the method proposed by Sathyendranath et al. (2001),
it is assumed that small cells dominate at low Chl-a concentrations,
while large cells dominate at high Chl-a concentrations. The estimation
of Chl-a concentrations for each size class was predicated on the
assumption that the shift in the percentage of the three size classes of
phytoplankton was a function of the total Chl-a concentration (Brewin
et al, 2010). In summary, nutrients from river input were the major
factors regulating the phytoplankton community. The regulation of
nutrients varied among phytoplankton of different sizes.
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5 Conclusions

This study provides useful information for understanding spatial
distribution characteristics of size-fractionated Chl-a and its
relationship with environmental factors in the coastal area of the
Leizhou Peninsula in winter. The distribution of Chl-a exhibited
significant spatial variation, which was associated with salinity,
with higher Chl-a concentration observed in Leizhou Bay and
Weizhou Island, and lower concentration in Qiongzhou Strait.
Nanophytoplankton were the most abundant size class of
phytoplankton, accounting for over 60% of the total Chl-a.
Microphytoplankton and nanophytoplankton were more abundant
in the high Chl-a areas. The findings suggested that nutrients,
specifically nitrogen and silicates, played an important in shaping
the phytoplankton size structure. The Chl-a of nanphytoplankton
was related to the nitrogen availability. The negative relationship
between picophytoplankton Chl-a and nitrates and silicates suggested
that picophytoplankton thrives in environments with low nutrient
concentrations. The results of our study supported the classical
perspective that the dominant factor influencing the structure of
the community is bottom-up control.
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