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The biofloc technology (BFT) is increasingly used in intensive Litopenaeus vannamei 
aquaculture to improve water quality, shrimp health, and system sustainability by 
promoting microbial biomass. This study evaluated the effect of low-salinity conditions 
on water quality characteristics and phytoplankton community dynamics in biofloc-based 
whiteleg shrimp culture ponds over a 90-day culture period. Temperature, transparency, 
dissolved oxygen, salinity, nitrate, ammonia, total organic matter (TOM), phytoplankton 
composition, species turnover, and community stability were assessed at 30-day 
intervals. Results showed that ammonia (0.067 ± 0.044 vs 1.114 ± 0.753 mg L-1; p-value 
= 0.009) and transparency (18.08 ± 3.77 vs. 37.21 ± 7.93 cm; p-value = 0.000) differed 
significantly between low and normal salinity conditions, while nitrate and TOM were 
also lower under low salinity. Bacillariophyceae dominated the phytoplankton 
community in both conditions, with total abundances ranging from 25,000 to 78,588 cells 
L-1, which can be considered as high for BFT ponds. The low-salinity ponds supported a
greater phytoplankton assemblage (five classes) with lower mean species turnover (0.21
vs. 0.25) and markedly higher community stability (4.40-5.28 vs. 1.82-2.75) compared
to the normal-salinity ponds. These findings demonstrate that low-salinity BFT systems
may support physicochemical and biological stability.
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1. INTRODUCTION

Litopenaeus vannamei, or whiteleg shrimp, is widely
recognized as a leading species in the global shrimp 
aquaculture industry, accounting for 84.9% of total shrimp 
production [1]. This species has several advantages, including 
its broad adaptability, rapid growth, and tolerance to salinities 
ranging from 0 to 40 (euryhaline), all of which contribute to 
its dominance in the industry [2, 3]. Originating from the 
eastern Pacific Ocean, whiteleg shrimp are among the most 
widely cultivated and commercially valuable shrimp globally 
[4]. 

With the increasing global demand for whiteleg shrimp, 
most producers are increasingly using intensive aquaculture 
systems with high stocking densities to maximize production 
yields [5]. However, the system is heavily criticized for 
decreasing water quality in aquaculture ponds and adjacent 
water bodies and increasing the difficulty in disease control [6, 
7]. One of the primary concerns in intensive systems is the 
accumulation of organic matter from feed residues and 
metabolic waste associated with high shrimp biomass [8, 9]. 
Therefore, the success of intensive shrimp farming depends 
heavily on effective water quality management strategies. 

Water quality plays a critical role in successful whiteleg 
shrimp culture, particularly under intensive conditions. High 
stocking density significantly degrades aquaculture water 
quality parameters, including dissolved oxygen, and elevated 
ammonia and nitrate levels can impair growth performance 
[10]. To overcome the issue, biofloc technology (BFT) is 
applied in intensive aquaculture systems [11]. The technology 
works by adjusting the carbon-nitrogen ratio through the 
addition of organic carbon sources, which promotes microbial 
biomass to absorb harmful nitrogen molecules into biofloc 
particles [12]. The biofloc system further contributes to a 
stable nutrient budget and disease resistance in culture species 
[13]. 

Phytoplankton communities in aquaculture ponds serve as 
sensitive biological indicators of water quality conditions, 
responding rapidly to changes in nutrient availability, salinity, 
and organic matter dynamics within the culture system [14, 
15]. In the BFT systems, organic compounds in the water 
column create conditions that selectively shape phytoplankton 
community structure and succession throughout the culture 
period [16]. Salinity is one of the primary environmental filters 
governing phytoplankton species assemblages, with 
community composition, diversity, and stability varying 
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significantly along salinity gradients [17, 18]. A stable and 
diverse phytoplankton community reflects balanced nutrient 
cycling and reduced risk of harmful algal proliferation, serving 
as a key indicator of pond health in an intensive shrimp culture 
system [19]. 

In addition to management, salinity remains a crucial factor 
affecting shrimp culture performance, particularly in biofloc-
based systems. Low-salinity conditions represent a promising 
advancement for expanding shrimp farming into inland areas 
[20]. Several studies have successfully adopted this 
technology in nursery and grow-out culture of shrimp at low 
salinities of 4-16 ‰ [21-23]. Furthermore, low-salinity 
conditions in the BFT system have been reported to confer 
biosecurity advantages by suppressing pathogenic Vibrio 
species [24]. However, changes in salinity can influence floc 
formation and microbial activity, making the characterization 
of water quality dynamics under low-salinity conditions an 
important area of investigation. Therefore, this study aimed to 
compare the water quality characteristics and phytoplankton 

community dynamics, including community structure, species 
turnover, and community stability, between normal- and low-
salinity biofloc-based Litopenaeus vannamei culture ponds 
under the experimental conditions evaluated in this study. 

 
 

2. MATERIALS AND METHODS 
 
2.1 Study area and experimental design 

 
The study was conducted in the Brackish Water and Marine 

Fisheries Laboratory in Probolinggo City, Indonesia. Three 
BFT ponds with a diameter of two meters and a stocking 
density of 500 shrimp per square meter were used for the 
research. The normal- and low-salinity BFT systems were 
evaluated during two consecutive culture periods (2024-2025) 
and 2025-2026. Both systems span the full culture period of 
up to 90 days, and the experimental design is depicted in 
Figure 1. 

 

 
(a) 

 
(b) 

 
Figure 1. (a) Map of research location in Probolinggo City, Indonesia, (b) conceptual experimental design 
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The aquaculture water was sterilised using 30 mg L-1 
chlorine and neutralised using 30 mg L-1 sodium thiosulfate 
[24]. Before stocking, 7-day-old shrimp larvae were gradually 
acclimatized from 32 ppt to 14 ppt over 14 days. For the low-
salinity method, the artificial seawater was formulated by 
combining dechlorinated tap water with bittern (salt) to obtain 
a salinity of 14-15 ppt.  

Routine husbandry was consistently applied during the 
culture period. Shrimp were fed twice daily during days of 
culture (DOC) 0-10, three times daily during DOC 11-20, and 
four times daily during DOC 21-90 at 07:00, 12:00, 16:00, and 
20:00. Each 2 m pond was aerated 24 h a day using 11 stones 
connected to an HP200 blower. Water exchange occurred 
when feed consumption declined, or ammonia buildup was 
suspected, usually every two days. Mortality was checked 
during siphoning and water exchange, and dead shrimp were 
removed when seen. 
 
2.2 Water quality parameters measurement 

 
The water quality parameters evaluated in this study 

comprised both physical and chemical aspects, including 
temperature (℃), water transparency (cm), pH, dissolved 
oxygen (DO, mg L-1), salinity (ppt), nitrate (mg L-1), ammonia 
(mg L-1), and total organic matter (TOM, mg L-1). All 
measurements were obtained from water samples collected 
directly at the research site throughout the study period. 

In situ measurements of temperature, dissolved oxygen, pH, 
and salinity were conducted with a Water Quality Meter (AZ 
86031), while water transparency was evaluated using a 
Secchi disk. The levels of nitrate, ammonia, and TOM were 
analyzed ex-situ. Ammonia concentrations were determined 
with the phenate method at 640 nm, detecting as low as 0.01 
mg L⁻¹. Nitrite was measured spectrophotometrically via the 
diazotization method at 543 nm, with a detection limit of 0.001 
mg L⁻¹. Nitrate levels were assessed using the cadmium 
reduction method at 543 nm, with a minimum detection limit 
of 0.01 mg L⁻¹. TOM was analyzed using the permanganate 
oxidation method in accordance with standard protocols. 

 
2.3 Phytoplankton observation 

 
A 5 L water sample for phytoplankton analysis was 

collected using a plankton net with a mesh size of 25 μm, 
placed in a 30 mL film bottle, and fixed with 4% Lugol's 
solution. Water samples were collected from the center of each 
pond at moderate depths to obtain representative samples, as 
continuous aeration promoted relatively uniform water mixing 
within the ponds. Phytoplankton observations were conducted 
using an Olympus CX31 binocular microscope at 100-400X 
magnification. Morphological identification was based on the 
Prescott and Davis identification book, while phytoplankton 
abundance was calculated using a modification of the Lackey 
Drop Microtransect Counting Method formula as follows [25]. 
 

𝑁𝑁 = 𝑛𝑛.
𝑉𝑉𝑟𝑟
𝑉𝑉0

.𝑉𝑉𝑠𝑠 

 
where, N denotes the phytoplankton abundance c (cells L-1), n 
is the number of observed cells, V0, Vr, and Vs are the volume 
of sampled under cover glass water (mL), volume of 
filtered/concentrated water in the sample bottle (mL), and total 
volume of water filtered in the field (L), respectively. 
 

2.4 Floc formation 
 

Carbon was applied to the culture ponds to stimulate floc 
formation throughout the rearing period. Commercial 
molasses derived from Saccharum officinarum was used as the 
external carbon source. Carbon supplementation was 
administered once daily in accordance with the study [25], 
maintaining a C:N ratio of 15:1. Based on this ratio, 
approximately 6 g of carbon is required to convert 1 g of total 
ammonia nitrogen (TAN) into bacterial biomass. When 
ammonia concentrations in the ponds exceeded 1 mg L-1, 
molasses was added in the calculated amount. Before 
application, the molasses was dissolved in pond water and 
subsequently distributed into each pond after feeding, ensuring 
synchronisation between carbon input and peak nitrogen levels 
from feed, thereby minimising temporary increases in TAN 
[26]. 

 
2.5 Data analysis 

 
A descriptive analysis was conducted to report on water 

quality characteristics and the phytoplankton community. 
Meanwhile, a linear mixed-effects model was used to assess 
differences in water quality variables between normal- and 
low-salinity ponds due to the existence of repeated 
measurements of the observed pond at four DOC levels using 
the lmer function in the R package “lmerTest”. Additionally, 
several metrics, such as species turnover rate and community 
stability, implemented in the community_stability function in 
the R package "codyn", were used to measure and compare the 
temporal variation and stability of the phytoplankton 
community in the BFT ponds. More details about these 
methods can be found in the study [27]. 

 
 

3. RESULTS AND DISCUSSIONS 
 
3.1 Water quality measurement results 

 
The water quality dynamics in the normal and low-salinity 

BFT systems during the 90-day culture period are presented in 
Figure 2. It can be seen that the low-salinity condition 
exhibited lower ammonia, nitrate, salinity, and transparency 
values than the normal-salinity system. In contrast, the 
temperature, pH, and DO observations for both systems are 
quite similar descriptively, but need further statistical analysis. 
Meanwhile, the TOM concentrations fluctuate across culture 
periods and systems. 

Furthermore, Table 1 presents the mean and standard 
deviation, as well as linear mixed-effect results for comparing 
water quality observation values between the normal- and low-
salinity systems within the studied BFT ponds over culture 
cycles. It is evident that the pattern of temperature, pH, salinity, 
DO, the concentrations of nitrate, ammonia, and TOM differ 
significantly over time between the normal- and low-salinity 
systems (condition) at the 5% significance level (p-value < 
0.05). Meanwhile, the transparency differs significantly 
between the two system conditions, regardless of the DOC. 

Ammonia concentrations in low salinity ponds (0.067 ± 
0.044 mg L-1) were significantly lower than those in normal 
salinity ponds (1.114 ± 0.753 mg L-1) (p-value = 0.009), 
indicating that low salinity conditions contribute to more 
effective ammonia control in the biofloc system. Ammonia, a 
product of protein catabolism, is excreted through shrimp gills 
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and is toxic even at low concentrations, especially in the form 
of non-ionised ammonia [28]. The lower ammonia 
concentration in the low-salinity ponds may reflect more 
effective nitrogen control under the tested BFT condition [29, 
30]. Nitrate concentrations also tended to be lower in the low-
salinity ponds (0.157 ± 0.057 mg L-1) than in the normal-
salinity ponds (2.074 ± 3.613 mg L-1) (p-value = 0.027). The 
lower nitrate concentrations in the low-salinity ponds suggest 
more efficient nitrogen cycling. As nitrate is the end product 
of ammonia oxidation, its limited accumulation may indicate 
rapid uptake by phytoplankton communities, as well as 
potential nitrogen cycles within biofloc aggregates [30, 31]. 

On the other hand, TOM in low salinity ponds (1.1-75.84 
mg L-1) was substantially lower than in normal salinity ponds 

(16.32-173.8 mg L-1) (p-value ≤ 0.001). While a certain 
amount of TOM is required to support biological processes in 
pond ecosystems, excessive accumulation of organic matter 
can lead to oxygen depletion and anaerobic conditions [32]. 
Moreover, water transparency was significantly lower in the 
low-salinity ponds (10-25 cm) than in the normal-salinity 
ponds (25-55 cm). While reduced transparency is often 
associated with elevated suspended solids, within biofloc 
systems, this condition generally reflects higher 
concentrations of biofloc aggregates and microbial biomass in 
the water column [33]. In the low-salinity ponds, the higher 
abundance of suspended biofloc particles likely promoted 
nutrient uptake and organic matter recycling, as reflected in 
lower concentrations of ammonia, nitrate, and TOM [34]. 

 

 
 

Figure 2. Water quality measurement results for normal and low salinity biofloc technology (BFT) ponds 

 

1594



 

Table 1. Statistical comparison using linear mixed-effect models of water quality parameters between normal and low salinity 
conditions in biofloc technology (BFT) ponds 

 

Parameter Normal Low F-Statistic 
Condition 

p-Value 
Condition 

F-Statistic 
DOC 

p-Value 
DOC 

F-Statistic 
Condition × 

DOC 

p-Value 
Condition × 

DOC 
Temperature 

(℃) 
30.18 ± 

1.22 
28.62 ± 

0.52 34.46 <0.001 3.62 0.036 6.26 0.005 

Transparency 
(cm) 

37.21 ± 
7.93 

18.08 ± 
3.77 61.21 <0.001 0.94 0.444 1.61 0.227 

pH 8.00 ± 
0.10 

7.96 ± 
0.61 0.09 0.784 4.93 0.019 6.70 0.007 

Salinity (ppt) 23.12 ± 
5.48 

13.15 ± 
0.68 82.58 <0.001 63.54 <0.001 60.20 <0.001 

DO (mg L⁻¹) 9.04 ± 
1.09 

9.36 ± 
1.46 0.74 0.439 12.45 <0.001 13.79 <0.001 

Nitrate (mg 
L⁻¹) 

2.074 ± 
3.613 

0.157 ± 
0.057 5.00 0.089 4.29 0.028 4.35 0.027 

Ammonia (mg 
L⁻¹) 

1.114 ± 
0.753 

0.067 ± 
0.044 11.48 0.028 7.42 0.005 6.07 0.009 

TOM (mg L⁻¹) 62.14 ± 
58.20 

27.13 ± 
27.80 58.53 <0.001 79.95 <0.001 36.15 <0.001 

Note: DOC = days of culture; DO = dissolved oxygen; TOM = total organic matter. 
 

Transparency is a crucial water-quality parameter in 
whiteleg shrimp aquaculture, as it controls light penetration in 
the water column and impacts photosynthesis within the 
system [35]. When transparency drops, less light reaches the 
organisms, reducing photosynthesis and oxygen production 
[36]. A decrease in transparency is often driven by the buildup 
of metabolic waste, uneaten feed, and plankton biomass, all 
of which increase water turbidity and affect the pond’s 
ecological balance [37]. 

 
3.2 Phytoplankton community structure 

 
The phytoplankton identification results in the BFT culture 

ponds (Table A1 and Table A2) revealed five classes across 
both salinity treatments throughout the observation period. In 
the normal salinity ponds, the phytoplankton community 
comprised four classes, namely Bacillariophyceae, 
Chlorophyceae, Cyanophyceae, and Zygnematophyceae, 
whereas in the low salinity ponds, five classes were recorded, 
with the additional presence of Dinophyceae (Figure 3). 

Bacillariophyceae dominated the community in both 
treatments across all observation intervals, consistent with the 
euryhaline and eutrophic-adapted nature of diatoms as the 
most competitive phytoplankton group under nutrient-rich 
conditions characteristic of the BFT systems. The lowest 
mean abundance of phytoplankton in the normal salinity 
ponds was recorded for Cyanophyceae (1,000 cells L-1 at 
DOC 60) and Zygnematophyceae (1,000-3,780 cells L-1), 
both of which appeared only sporadically across observation 
intervals. In the low salinity ponds, Dinophyceae recorded the 
lowest mean abundance (655 cells L-1 at DOC 60), while 
Bacillariophyceae consistently recorded the highest 
abundance across all intervals, peaking at 51,082 cells L-1 at 
DOC 90. The highest mean total community abundance was 
recorded at DOC 90 in the low salinity ponds (78,588 cells L-

1), whereas in the normal salinity ponds, the peak was 
similarly recorded at DOC 90 (68,274 cells L-1). Based on the 
total mean abundance range observed across both treatments 
(25,000-78,588 cells L-1), the pond water in this study can be 
categorized as eutrophic throughout the culture period. 
According to the study [38], water with a total phytoplankton 
abundance exceeding 15,000 cells L-1 is classified as 

eutrophic, a condition that is inherently promoted by the 
nutrient-rich environment generated through organic matter 
decomposition and microbial activity within the biofloc 
matrix [39]. 

 

 
 

Figure 3. Phytoplankton community structure and 
abundance in the biofloc technology (BFT) pond under 

normal and low-salinity conditions 
 
Bacillariophyta represent one of the most diverse groups of 

autotrophic algae, occurring in a wide range of freshwater, 
brackish, and marine environments worldwide. Their 
ecological success is largely attributed to their high nutrient-
use efficiency, rapid growth, and strong adaptive capacity 
under varying environmental conditions [40]. The dominance 
of Bacillariophyceae observed in the present study likely 
reflects traits that enable diatoms to outcompete other 
phytoplankton groups under high-nutrient conditions [41]. As 
biofloc communities mature, heterotrophic assimilation and 
nutrient recycling alter nutrient availability within the water 
column, creating favourable conditions for diatom 
proliferation [5]. Consequently, the predominance of 
Bacillariophyceae indicates a close ecological relationship 
between biofloc development and phytoplankton succession, 
highlighting the role of biofloc-mediated nutrient dynamics in 

1595



 

shaping community structure within intensive BFT. 
Differences in phytoplankton abundance observed across 

sampling intervals in both treatments reflect the dynamic 
interplay between nutrient availability and physical 
conditions within the BFT system [42]. Phytoplankton growth 
is primarily governed by the availability of dissolved 
inorganic nitrogen, particularly nitrate and ammonia, as well 
as light penetration through the water column [43, 44]. The 
low water transparency recorded in the low salinity ponds (10-
25 cm) indicates greater light attenuation attributable to the 
higher density of suspended biofloc particles, yet total 
phytoplankton abundance remained high and peaked at DOC 
90 (78,588 cells L-1), suggesting that continuous nutrient 
regeneration through biofloc-mediated organic matter 
decomposition compensated for reduced light availability 
[45]. The abundance and composition of phytoplankton in 
shrimp ponds serve as sensitive biological indicators of water 
quality and culture environment conditions [30]. 

 
3.3 Phytoplankton community turnover rate and stability 

 
Phytoplankton communities in the two systems exhibited 

distinct turnover rates throughout the cultivation period 
(Figure 4). In the ponds with normal salinity, the mean 
turnover was 0.25, signifying that approximately the mean 
class-level Bray–Curtis temporal dissimilarity was 0.25 in the 
normal-salinity ponds and 0.21 in the low-salinity ponds in 
the subsequent interval. Conversely, the mean turnover in the 
low-salinity ponds was 0.21. Overall, the lower turnover 
observed in the low-salinity ponds suggests a more stable 
phytoplankton community structure, characterized by reduced 
species replacement over time. 

 

 
(a) 

 
(b) 

 
Figure 4. (a) Class-level Bray-Curtis temporal dissimilarity, 
(b) phytoplankton community stability of low- and normal-

salinity biofloc technology (BFT) ponds 
 

The stability of the phytoplankton community also 
exhibited clear differences among the conditions (Figure 4). 
Stability values in the low-salinity pond ranged from 4.40 to 
5.28, with the highest value recorded at DOC 60. Conversely, 
community stability in the normal-salinity pond varied only 
between 1.82 and 2.75. Overall, the phytoplankton 
community within the low-salinity pond demonstrated a 
numerically higher community stability compared to that in 
the normal-salinity pond during the observed period. 

Phytoplankton community turnover rates in normal and 
low salinity ponds fluctuated, with an overall trend of this 
metric being lower in low salinity ponds. Furthermore, 
phytoplankton community stability was higher in the low-
salinity ponds. Turnover rate reflects the proportion of species 
replaced between successive sampling periods, with higher 
values indicating greater temporal variability in community 
composition. The lower turnover observed in the low-salinity 
ponds was likely associated with more stable environmental 
conditions, as indicated by lower ammonia, nitrate, and TOM 
concentrations, as well as reduced salinity fluctuations, which 
minimized ecological disturbances and supported the 
persistence of existing taxa [46]. Environmental conditions 
influence changes in plankton composition, species, and 
abundance, which are related to the trophic structure of the 
waters by phytoplankton groups [47]. Therefore, the relatively 
stable environmental conditions in the low-salinity ponds 
likely helped maintain a more consistent phytoplankton 
community structure throughout the culture period. 

Previous studies have demonstrated that phytoplankton 
biomass and community diversity tend to be higher under low 
salinity conditions, as reduced osmotic stress allows a broader 
range of taxa to maintain competitive growth alongside 
elevated nutrient availability [18] and nutrient concentration 
functions as a dual regulatory axis governing phytoplankton 
species assemblages, with green algae and diatoms 
characteristically dominating under low salinity conditions 
due to their broad osmotic tolerance [17]. In BFT systems, this 
salinity-driven community structuring is further mediated by 
the diverse organic matrix of the biofloc, which modifies 
dissolved inorganic nutrient availability and selectively 
favours certain phytoplankton functional groups [39, 48] as 
reflected in the more diverse, stable, and persistent 
phytoplankton community observed in the low-salinity ponds 
of the present study. 

 
 

4. CONCLUSION 
 
This study demonstrated that low-salinity conditions in 

biofloc-based Litopenaeus vannamei culture ponds gave more 
favorable water quality parameters. Ammonia, nitrate, TOM, 
and water transparency showed substantially lower values in 
the low-salinity ponds. The phytoplankton community in both 
treatments was consistently dominated by Bacillariophyceae, 
reflecting the nutrient-rich environment characteristic of BFT 
systems, with phytoplankton abundance being considerably 
high throughout the culture period. The low-salinity ponds 
supported a more diverse phytoplankton assemblage, 
containing one additional phytoplankton class, comprising 
five classes, compared to four classes in the normal-salinity 
ponds, and the mean temporal dissimilarity across the three 
intervals was lower. This study did not directly measure 
suspended solids and microbial community composition. 
Future studies should include these measurements to better 
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explain the processes controlling nutrient and organic matter 
dynamics in low-salinity BFT ponds. 
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NOMENCLATURE 
 

BFT biofloc technology 
C:N carbon-to-nitrogen ratio 
DOC days of culture 
DO dissolved oxygen, mg L⁻¹ 
F F-statistic 

L. vannamei Litopenaeus vannamei 
N phytoplankton abundance, cells L⁻¹ 
n number of observed phytoplankton cells 
P1 pond replicate 1 
P2 pond replicate 2 
P3 pond replicate 3 
p-value probability value 
pH hydrogen ion activity/acidity level 
SD standard deviation 
TAN total ammonia nitrogen, mg L⁻¹ 
TOM total organic matter, mg L⁻¹ 

V₀ volume of sampled water under the cover 
glass, mL 

Vr 
volume of filtered or concentrated water 
in the sample bottle, mL 

Vs total volume of water filtered, L 
μ micro-prefix, 10⁻⁶, as used in μm 
℃ degree Celsius 
cm centimeter 
cells L⁻¹ cells per liter 
g gram 
h hour 
L liter 
mg milligram 
mg L⁻¹ milligram per liter 
mL milliliter 
nm nanometer 
ppt parts per thousand 
μm micrometer 
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Table A1. Genus-level phytoplankton abundance (cells L⁻¹) in biofloc technology (BFT) ponds under normal salinity across days 

of culture (0, 30, 60, and 90) (P1–P3 = replicates) 
 

Class Genus DOC 0 DOC 30 DOC 60 DOC 90 
P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 

Bacillariophyceae 

Achnanthes 0 0 0 0 0 0 0 0 10876 7757 15282 14801 
Cyclotella 12000 18000 12000 28225 105918 24757 0 64803 37497 47941 20184 61863 
Cymbella 0 0 0 0 0 0 4923 0 0 0 0 0 
Fragilaria 0 0 0 0 0 0 0 0 0 0 0 1942 
Nitzschia 0 0 0 0 0 0 39386 8452 0 0 14417 0 

Chlorophyceae 

Chlorella 15000 3000 15000 3569 3340 234 156 5588 1614 10354 5070 2145 
Oocystis 0 0 0 31 20 0 0 14 6 26 26 9 
Polytoma 0 0 0 0 0 0 0 0 0 0 3 0 

Schroederia 0 0 0 0 0 0 0 2 0 0 0 0 
Cyanophyceae Chroococcus 0 0 0 0 0 0 0 0 3000 0 0 0 

Zygnematophyceae Cosmarium 0 0 0 0 0 3000 11340 0 0 0 0 3000 
Note: DOC = days of culture. 

 
Table A2. Genus-level phytoplankton abundance (cells L⁻¹) in biofloc technology (BFT) ponds under low salinity across days of 

culture (0, 30, 60, and 90) (P1–P3 = replicates) 
 

Class Genus DOC 0 DOC 30 DOC 60 DOC 90 
P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P2 P3 

Bacillariophyceae 

Amphipora 6877 1965 983 983 1927 1965 0 1965 4912 4912 1648 2151 
Amphora 982 0 982 0 0 0 0 0 0 3930 2746 4301 

Aulacoseira 0 0 0 982 0 0 0 0 0 0 0 0 
Chaetopora 0 0 0 0 0 0 0 0 0 982 0 0 
Cocconeis 0 0 0 8841 0 983 0 0 0 0 0 0 
Cyclotella 2947 982 982 982 1927 982 982 982 982 3929 0 2151 
Cymbella 0 0 0 0 964 0 0 0 982 0 549 0 

Entomoneis 24559 19647 21612 20629 27940 19647 9824 11788 22594 14735 11535 14518 
Navicula 10806 13753 14735 9824 14452 11788 8841 4912 6877 19647 32407 24197 
Neidium 0 0 0 1965 1927 0 0 0 982 982 0 0 
Nitzschia 982 0 0 0 0 0 3930 0 0 0 0 0 

Skeletonema 0 0 0 982 963 0 3929 0 0 1965 2197 3764 

Chlorophyceae Chlorella 4912 10806 4912 9824 14736 8841 10806 7859 5894 12771 9823 14735 
Oocystis 0 0 0 1965 982 0 0 0 0 0 0 0 

1599



 

Tetraspora 0 0 0 982 0 0 0 0 0 0 0 0 

Cyanophyceae 
Microcystis 0 0 0 0 0 0 0 0 982 0 0 0 

Lyngbya 0 0 0 1965 982 982 982 0 1965 2947 982 982 
Oscillatoria 982 2947 0 14735 12771 6877 19647 3929 5894 20629 3930 15718 

Dinophyceae 
Glenodinium 2947 0 0 0 0 0 0 0 0 0 0 0 
Heterocapsa 0 0 0 0 0 0 0 982 0 0 0 0 
Peridinium 0 0 0 0 0 0 0 0 982 0 0 0 

Zygnematophyceae Spirotaenia 0 0 982 0 0 0 982 0 4912 0 0 0 
Note: DOC = days of culture. 
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