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Abstract: As an intermediary connection between primary producers and higher trophic levels,
zooplankton are an important component of the aquatic food chain, contributing significantly to
aquatic biological productivity. This study describes the zooplankton diversity and community
structure, as well as their relationships with ecological factors, in homestead ponds of a coastal
district along the northern Bay of Bengal region. Significant differences (p < 0.05) were detected
in the mean values of temperature, pH, DO, TDS, transparency, and phosphates from the ponds
during December 2020, but no significant differences were found in the nitrate levels. However, no
significant variances in the ecological parameters between months were found due to the study taking
place in the same season. Sixteen zooplankton species, representing four groups, were found in the
study area, with the highest mean abundance of 301.19 ± 40.55 ind./L recorded in February 2021
and the lowest of 293.02 ± 21.13 ind./L recorded in December 2020. The diversity (H’), evenness (e),
richness (J), and dominance (D) ranged from 2.49 to 2.12, from 0.93 to 0.84, from 2.05 to 1.56, and from
0.13 to 0.09, respectively. Based on the SIMPER analysis, Diaptomus gracilis and Brachionus calyciflorus
were found to be significant contributors (>10%) to the zooplankton community structure in different
months. The ANOSIM results revealed that 10 species of zooplankton were significant contributors
based on their average dissimilarity. The canonical correspondence analysis (CCA) identified that pH,
transparency, nitrates, and phosphates have a significant impact on the abundance of zooplankton
species in the homestead ponds in the study area.

Keywords: zooplankton; homestead pond; ecological parameters; diversity; abundance;
community structure

1. Introduction

Zooplankton are an important component of any aquatic environment because they
form the foundation of food chains and food webs. The intermediary nexus for energy
fluxes from primary producers, such as phytoplankton and microorganisms, to consumer
levels of the food chain is zooplankton [1,2]. They provide an essential indication of
the trophic condition of secondary production in aquatic ecosystems [3,4]. Secondary
production in aquatic ecosystems directly or indirectly depends on zooplankton. They
also play a significant role in recycling nutrients and cycling energy within their respective
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environments. Zooplankton are the major mode of energy transfer between phytoplankton
and fish [2]. Almost all fish rely on zooplankton for sustenance throughout their larval
stages, and some fish eat zooplankton throughout their lives. Plankton have been used to
monitor aquatic ecosystems and water quality as a bioindicator.

The occurrence and distribution of zooplankton depend on several factors, such as
climate change, habitat types, physico-chemical properties, and biotic factors [5–8]. En-
vironmental factors play an important role in regulating zooplankton distributions; for
example, water temperature impacts organism growth and development and mortality.
Different species show various tolerances to increasing or decreasing temperature ranges,
with particularly sensitive individuals being eliminated [9,10]. Low pH promotes a de-
creased zooplankton abundance, decreased biodiversity, and the extinction of some species,
whereas alkaline conditions associated with high primary production promote zooplankton
development and abundance [11–15]. The availability of light determines the producer’s
distribution, which indirectly impacts the diversity and distribution of animals. Oxygen
dissolved in water, which is required for the survival of all aquatic organisms, is another im-
portant abiotic factor. Oxygen deficiencies can directly influence organism mortality. Heavy
metals can significantly alter zooplankton’s community structure and diversity [13,14]
and tend to reduce community diversity and the richness of aquatic species under an-
thropogenic pressure [15,16]. The availability of nutrients, such as nitrates and phosphate,
has a significant impact on the structure and abundance of zooplankton in an aquatic
environment. A slight modification within the physico-chemical properties affects the
diversity of the ecosystem. Nonetheless, any changes in these parameters may affect fish
growth, development, and maturity [17,18].

Noakhali is a coastal district at the fringe of the Bay of Bengal. Diverse living resources
play an important part in Bangladesh’s economy, food security, and the social well-being of
the coastal population [19], which is blessed with a diverse range of aquatic species [20].
There are numerous homestead ponds where extensive fish culture is practiced. The fish
production of these homestead ponds mainly depends on natural food. Zooplankton play
an important role in these ponds as a food source. The abundance of zooplankton in a fish
pond indicates whether or not supplemental feed is required in the associated fish ponds.
As a result, the quantity of the zooplankton can lower farming costs. Several studies have
been carried out on physico-chemical parameters and zooplankton in Noakhali [21–23], but
no substantial work has yet been performed on the community structure of zooplankton in
homestead ponds in Bangladesh. Thus, by considering the gap in the knowledge and the
importance of zooplankton in homestead ponds, the study aims to describe the diversity
and community assemblage of zooplankton in homestead fish ponds in the Noakhali
coastal area.

2. Materials and Methods
2.1. Study Area

Noakhali is a coastal district at the fringe of the Bay of Bengal, Bangladesh, located
between latitudes 22◦07′ and 23◦08′ N and longitudes 90◦53′ and 91◦27′ E. It has a trop-
ical climate. Summers have significantly more rainfall than winters. According to the
Köppen–Geiger climate classification, this climate is classified as Aw. The average annual
temperature in Noakhali is 25.2 ◦C. The annual precipitation is approximately 2218 mm.
In this study, ten homestead ponds (S1–S10) from the study sites were chosen from three
Upazilas of Noakhali (Figure 1). These homestead ponds (122–404 square meters in size)
are typically seasonal, holding water for 5–6 months beginning in July and used for fish
cultivation with extensive management. Three replicated samples were collected for the
ecological parameters and the zooplankton communities of the homestead ponds, and
their mean values were computed. Sampling was performed during December 2020 and
February 2021 from 8:00 am to 11:00 am.
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Figure 1. Map showing the location of the study area.

2.2. Study of Ecological Parameters

At every station, the water temperature profiles, pH, DO, and TDS were obtained by
Hannah multi-parameters (Model: H198194) and water transparency by Secchi disc. Ni-
trates (NO3−) and phosphates (PO4

3−) were determined ex situ using a spectrophotometer
(Model: DR 2700). About 250 mL of filtered water was collected, kept in a cooled icebox
in the field, and preserved at the laboratory for nutrient analysis following the standard
method [24].

2.3. Zooplankton Sample Collection, Identification, and Counting

A zooplankton net (90 µm mesh size) was set in the surface water and towed for 5 min.
The volume of water filtered (V) was calculated by V = πr2h, where r = the radius of the net
ring and h = the distance towed. After dragging, the concentrates were collected from the
plankton net bucket to a plastic container and preserved with 5% formalin. The quantitative
estimation of the zooplankton was performed using a Sedgewick-Rafter chamber. A 1-mL
sample was poured on a S-R (Sedgwick-Rafter) cell from each sample. Then, we used
a luminous stereoscopic microscope (model: XSZ21-05DN, Beijing, China) to identify
the different species of the zooplankton. The zooplankton identification was carried out
according to the methods described in the monographs, textbooks, and journal articles
in [25–29]. The zooplankton densities were calculated as ind./L. The following formula [30]
was used to count the zooplankton:

N = (A× 1000×C)/(V× F× L)

where N = number of plankton cell or units per liter of the original water; A = total number
of plankton counted; C = volume of final concentrate of the samples in ml; F = number of
fields counted, and L = volume of original water in liters.
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2.4. Diversity Indices

The diversity of the zooplankton was expressed by the Shannon–Weiner Diversity
Index (H’) [31], the Evenness Index (e) [32], the Margalef Species Richness Index (J) [33],
and the Dominance Index (D) [34].

2.5. Statistical Analysis

The Kruskal–Wallis ANOVA test was used for the environmental and biological
variables to calculate any significant differences among the studied ponds. The level of
significance was set at p < 0.05. Pearson correlations were used to analyze the correlation
between environmental variables, biological variables, and the diversity indices of the
zooplankton. One-way analysis of similarity (ANOSIM) was used to accomplish the
significance in the structure of the zooplankton assemblage based on the Bray–Curtis
rank similarity matrix. Similarity percentage (SIMPER) analysis was used to examine
the percentage contribution of each species to the average dissimilarity between the pair
combination of stations and months and each station and month. Cluster analysis was
performed to confirm the similarity among the sites in terms of zooplankton occurrence.
Finally, canonical correspondence analysis (CCA) was applied to explore the distribution
of the zooplankton communities with the environmental parameters and sampling sites.
The computer package Excel 2010, PAST [35], was used for statistical analysis.

3. Results
3.1. Zooplankton Community

A total of 16 species of zooplankton, including four groups, namely, Rotifera (seven
species), Copepoda (five species), Cladocera (three species), and nauplii (one species), were
identified during the study period (Table 1). Out of the 16 species recorded, 14 occurred in
December, of which 7 were dominant; 14 occurred in February, of which 10 were dominant;
and 12 were common in both months, of which 7 were dominant. The seven dominant
species that occurred in both months were Brachionus rubens, Cyclops nanus, Cyclops sp.,
Diaptomus sp., Diaphanosoma sarsi, Bosmina sp., and nauplii. The composition of the recorded
zooplankton groups at different stations during this study period is summarized in Figure 2.
The zooplankton community was dominated by Copepoda (35.58%) followed by Rotifera
(27.78%), Cladocera (27.37%), and nauplii (9.28%), respectively. The zooplankton groups
of Copepoda and nauplii were found at their maximum levels during December (42.74%
and 10.01%), while the Rotifera and Cladocera were found at their maximum levels during
February (30.04% and 33.01%) in the present study.

Table 1. Zooplankton species recorded from the homestead ponds of Noakhali coast.

December February
Rotifera

Asplanchna sieboldi - +
Brachionus rubens a + +

Brachionus calyciflorus b + +
Brachionus quadridentatus + +

Brachionus urceolaris - +
Brachionus sp. + -

Keratella cochlearis + +
Copepoda

Cyclops nanus a + +
Cyclops sp. a + +

Mesocyclops leuckarti b + +
Diaptomus gracilis + -
Diaptomus sp. a + +

Cladocera
Bosmina sp. a + +
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Table 1. Cont.

December February
Ceriodaphnia cornuta b + +
Diaphanosoma sarsi a + +

Nauplii
Nauplii a + +

Note: ‘a’, dominant in both months; ‘b’, dominant only in February.

Diversity 2022, 14, x FOR PEER REVIEW 5 of 16 
 

 

Cladocera   

Bosmina sp. a + + 
Ceriodaphnia cornuta b + + 
Diaphanosoma sarsi a + + 

Nauplii   

Nauplii a + + 
Note: ‘a’, dominant in both months; ‘b’, dominant only in February. 

 
Figure 2. Composition (%) of zooplankton classes in two seasons at different stations (D = December, 
F = February). 

3.2. Zooplankton Abundance and Diversity 
The abundance of the zooplankton in the homestead ponds along with the studied 

diversity indices, namely the Shannon–Weiner Diversity Index (H’), the Evenness Index 
(e), the Margalef Species Richness Index (J), and the Dominance Index (D) are illustrated 
in Figure 3. The highest abundance of zooplankton was 317.3 ± 12.5 ind./L at S1, and the 
lowest was 249.98 ± 36.30 ind./L at S4 with a mean value of 293.02 ± 21.13 ind./L in Decem-
ber. The highest abundance of zooplankton was 346.14 ± 7.22 ind./L at S3, and the lowest 
was 211.52 ± 11.01 ind./L at S4 with a mean value of 301.19 ± 40.55 ind./L in February. A 
significant difference between the stations was observed in the total zooplankton abun-
dance in February (H = 19.28, p = 0.02). However, no significant differences between the 
stations were observed in the total zooplankton abundance in December (H = 11.3, p = 
0.25) and between months (H = 1.851, p = 0.17). 

The Shannon–Wiener Diversity Index (H′) varied from 2.37 ± 0.01 at S10 to 2.12 ± 0.05 
at S6 with a mean value of 2.23 ± 0.04 in December and from 2.49 ± 0.04 at S3 to 2.16 ± 0.06 
at S6 with a mean value of 2.27 ± 0.04 in February. Significant and highly significant differ-
ences between the stations were observed in the Shannon–Wiener Diversity Index (H′) 
during December (H = 21.63, p = 0.01) and February (H = 24.68, p = 0.003), respectively. 
However, no significant difference was observed in the Shannon–Wiener Diversity Index 
(H′) between months (H = 0.32, p = 0.57). 

The highest species Evenness Index (e) was 0.93 ± 0.04 at S4, and the lowest was 0.84 
± 0.04 at S6 in December with a mean value of 0.89 ± 0.03; the highest was 0.93 ± 0.04 at S2 
and S3, and the lowest was 0.87 ± 0.01 at S1 with a mean value of 0.90 ± 0.03 in February. 
Highly significant differences between the stations were found in the species Evenness 
Index (e) during February (H = 27.76, p = 0.001). However, no significant differences were 
found in the species Evenness Index (e) in December (H = 12.43, p = 0.19) or between 
months (H = 0.24, p = 0.62). 

The Margalef Species Richness Index (J) ranged between 1.94 ± 0.04 at S10 and 1.56 ± 
0.01 at S1 with a mean value of 1.67 ± 0.03 in December and varied from 2.05 ± 0.01 at S3 to 
1.56 ± 0.02 at S6 with a mean value of 1.72 ± 0.01 in February. Highly significant differences 
between the stations were observed in the Margalef Species Richness Index (J) in 

0%

20%

40%

60%

80%

100%

D F D F D F D F D F D F D F D F D F D F

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Co
m
po

sit
io
n

Stations

Nauplii Cladocera Copepoda Rotifera

Figure 2. Composition (%) of zooplankton classes in two seasons at different stations (D = December,
F = February).

3.2. Zooplankton Abundance and Diversity

The abundance of the zooplankton in the homestead ponds along with the studied
diversity indices, namely the Shannon–Weiner Diversity Index (H’), the Evenness Index
(e), the Margalef Species Richness Index (J), and the Dominance Index (D) are illustrated
in Figure 3. The highest abundance of zooplankton was 317.3 ± 12.5 ind./L at S1, and
the lowest was 249.98 ± 36.30 ind./L at S4 with a mean value of 293.02 ± 21.13 ind./L in
December. The highest abundance of zooplankton was 346.14 ± 7.22 ind./L at S3, and the
lowest was 211.52± 11.01 ind./L at S4 with a mean value of 301.19 ± 40.55 ind./L in Febru-
ary. A significant difference between the stations was observed in the total zooplankton
abundance in February (H = 19.28, p = 0.02). However, no significant differences between
the stations were observed in the total zooplankton abundance in December (H = 11.3,
p = 0.25) and between months (H = 1.851, p = 0.17).

The Shannon–Wiener Diversity Index (H′) varied from 2.37 ± 0.01 at S10 to 2.12 ± 0.05
at S6 with a mean value of 2.23± 0.04 in December and from 2.49± 0.04 at S3 to 2.16 ± 0.06
at S6 with a mean value of 2.27 ± 0.04 in February. Significant and highly significant
differences between the stations were observed in the Shannon–Wiener Diversity Index
(H′) during December (H = 21.63, p = 0.01) and February (H = 24.68, p = 0.003), respectively.
However, no significant difference was observed in the Shannon–Wiener Diversity Index
(H′) between months (H = 0.32, p = 0.57).

The highest species Evenness Index (e) was 0.93 ± 0.04 at S4, and the lowest was
0.84 ± 0.04 at S6 in December with a mean value of 0.89 ± 0.03; the highest was 0.93 ± 0.04
at S2 and S3, and the lowest was 0.87 ± 0.01 at S1 with a mean value of 0.90 ± 0.03 in
February. Highly significant differences between the stations were found in the species
Evenness Index (e) during February (H = 27.76, p = 0.001). However, no significant differ-
ences were found in the species Evenness Index (e) in December (H = 12.43, p = 0.19) or
between months (H = 0.24, p = 0.62).
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Index (D).

The Margalef Species Richness Index (J) ranged between 1.94 ± 0.04 at S10 and
1.56 ± 0.01 at S1 with a mean value of 1.67 ± 0.03 in December and varied from 2.05 ± 0.01
at S3 to 1.56 ± 0.02 at S6 with a mean value of 1.72 ± 0.01 in February. Highly significant
differences between the stations were observed in the Margalef Species Richness Index (J) in
December (H = 24.49, p = 0.003) and February (H = 27.76, p = 0.001). Significant differences
were not observed in the Margalef Species Richness Index (J) between months (H = 0.28,
p = 0.57).

The Dominance Index (D) ranged from 0.13 ± 0.01 at S5, S6 and S8 to 0.10 ± 0.001 at
S10 during December with a mean value of0.12 ± 0.01 and varied from 0.13 ± 0.01 at S6 to
0.09 ± 0.01 at S3 during February with a mean value of 0.11 ± 0.01. Significant differences
between the stations were not observed in Dominance Index (D) in December (H = 16.4,
p = 0.06), February (H = 19.8, p = 0.19) or between months (H = 0.24, p = 0.61).
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3.3. Zooplankton Assemblage

The analysis of similarity (ANOSIM) revealed significant (p < 0.05) dissimilation of the
zooplankton among the different stations (Global R = 0.926; p = 0.0001). However, no signif-
icant differences (p > 0.05) were found between pairs of stations (Supplementary Table S1)
or between seasons (Global R = 0.03; p = 0.015). The zooplankton assemblage was highly
diverse at each station, and the dominant genus varied from station to station. According
to the similarity percentage (SIMPER) analysis, zooplankton species such as Cyclops nanus,
Brachionus sp., Keratella cochlearis, Mesocyclops leuckarti, nauplii, Brachionus calyciflorus, Di-
aptomus gracilis, Diaphanosoma sarsi, Brachionus quadridentatus, and Brachionus rubens were
significant contributors (>10%) to the dissimilarity of the zooplankton community structure
in different stations (Supplementary Table S2). According to the SIMPER results, a highly
diverse zooplankton assemblage was observed in both months, and Diaptomus gracilis and
Brachionus calyciflorus were significant contributors (>10%) to the zooplankton community
structure in different months (Supplementary Table S2).

In order to reveal the similarities and differences among the homestead ponds, cluster
analysis was performed based on the total abundance of the zooplankton community.
Cluster analysis (CA) was carried out using the square root and Bray–Curtis similarity to
show the similarity among the sites in terms of zooplankton occurrence (Figure 4). During
December, five major clusters were obtained with a similarity of 88% (Figure 4a), of which
three stations remained isolated (S4, S5, and S6) and two stations were contained in one
cluster (S1 and S7); the remaining five stations were contained in one cluster. During
February, three major clusters were obtained with a similarity of 88% (Figure 4b), of which
two stations remained isolated (S4, S6) and the remaining stations were contained in
one cluster.
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3.4. Ecological Parameters

The recorded ecological parameters of the homestead ponds in Noakhali are illustrated
in Figure 5. The water temperature ranged from 22.30 ± 0.35 ◦C at S10 to 19.00 ± 0.11 ◦C
at S2 during December (mean = 20.14 ± 0.32 ◦C) and from 22.58 ± 0.34 ◦C at S6 to
18.68 ± 0.32 ◦C at S3 during February (mean = 20.76 ± 0.33 ◦C). Highly significant differ-
ences in the temperature of the stations were found during December (H = 27.36, p = 0.002)
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and February (H = 27.26, p = 0.001). However, no significant differences in the temperature
of the stations were found between months (H = 1.29, p = 0.26).
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The pH values ranged from 8.74 ± 0.10 at S4 to 7.82 ± 0.07 at S10 in December
(mean = 8.21 ± 0.09) and from 8.59 ± 0.07 at S4 to 7.62 ± 0.20 at S8 in February
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(mean = 8.08 ± 0.10). Highly significant differences in pH of the stations were observed
during December (H = 25.75, p = 0.002) and February (H = 25.26, p = 0.003). However, no
significant differences in pH were found between months (H = 0.97, p = 0.32).

The dissolved oxygen (DO) concentration varied from 6.52 ± 0.36 mg/L at S5 to
2.30 ± 0.35 mg/L at S10 in December (mean = 4.01± 0.54 mg/L) and from 6.36 ± 0.14 mg/L
at S5 to 3.01 ± 0.11 mg/L at S1 in February (mean = 4.03 ± 0.08 mg/L). Highly significant
differences in the DO of the stations were found during December (H = 25.75, p = 0.002)
and February (H = 27.95, p = 0.001). However, no significant differences in the DO were
found between months (H = 0.14, p = 0.71).

The total dissolved solid (TDS) concentration ranged from 283.33 ± 2.52 mg/L at
S2 to 173.67 ± 3.06 mg/L at S8 in December (mean = 229.10 ± 2.33 mg/L) and from
294.67 ± 0.58 mg/L at S1 to 173.67± 3.06 mg/L at S4 in February (mean = 238.73 ± 2.09 mg/L).
Highly significant differences in the TDS of the stations were found during December
(H = 28.67, p = 0.001) and February (H = 28.54, p = 0.001). However, no significant differ-
ences in the TDS of the stations were found between months (H = 0.32, p = 0.57).

The transparency ranged from 28.75 ± 3.73 cm at S10 to 13.10 ± 0.10 cm at S5 in
December (mean = 17.64 ± 1.55 cm) and from 26.97 ± 0.21 cm at S10 to 12.5 ± 0.50 cm at S2
in February (mean = 16.54 ± 0.57 cm). Highly significant differences in the transparency of
the stations were found during December (H = 26.6, p = 0.003) and February (H = 26.96,
p = 0.001). However, no significant differences in the in transparency of the stations were
found between months (H = 0.69, p = 0.41).

Nitrates varied from 0.06 ± 0.02 mg/L at S7 to 0.03 ± 0.01 mg/L at S6 and S8 in
December (mean = 0.04± 0.01 mg/L) and from 0.06± 0.01 mg/L at S3 to 0.03 ± 0.002 mg/L
at S4 in February (mean = 0.05 ± 0.004 mg/L). Highly significant differences in the nitrates
of the stations were found during February (H = 22.96, p = 0.006). Significant differences in
the nitrates of the stations were not observed in December (H = 9.74, p = 0.34) or between
months (H = 2.77, p = 0.10).

The phosphate concentrations varied from 14.55± 1.27 mg/L at S3 to 9.85 ± 0.13 mg/L
at S6 in December (mean = 11.86 ± 0.79 mg/L) and from 13.62 ± 0.15 mg/L at S5 to
9.95 ± 0.05 mg/L at S4 in February (mean = 12.04 ± 0.11 mg/L). Highly significant differ-
ences in the phosphates of the stations were found during December (H = 26.16, p = 0.003)
and February (H = 28.47, p = 0.001). However, no significant differences in the phosphates
were found between months (H = 0.006, p = 0.94).

3.5. Relationship between Ecological and Biological Variables

Transparency has a positive correlation with the Richness Index (r = 0.669), and phos-
phates have a positive correlation with Cladocera (r = 0.847) during December
(Supplementary Table S3. Nitrates have a positive correlation with Copepoda (r = 0.719),
total zooplankton (r = 0.809), and the Shannon–Weiner Diversity Index (r = 0.602), but a
negative correlation with the Dominance Index (r = −0.756) in February (Supplementary
Table S3). Phosphates have a positive correlation with the Shannon–Weiner Diversity Index
(r = 0.826), the Evenness Index (r = 0.678), and the Richness Index (r = 0.692), but a negative
correlation with the Dominance Index (r = −0.910), during February.

Canonical correspondence analysis (CCA) was used to visualize the main patterns of
the zooplankton population structure and to evaluate the relationship of the zooplankton
population structure with the ecological parameters. Canonical correspondence analysis
(CCA) was performed using seven ecological parameters and 14 zooplankton species for
December (Figure 6a). The eigenvalue of axis 1 showed a 45.96% correlation, and axis 2
showed a 19.4% correlation between the ecological parameters and zooplankton species.
Thus, the first two axes cumulatively explain 65.36% of the variance. The pH, phosphates,
nitrates, transparency, and DO have a significant impact on the abundance of zooplankton
species. The abundance of Brachionus rubens, Cyclops sp., Diaphanosoma sarsi, Cyclops nanus,
Diaptomus sp., and Bosmina sp. was highly correlated with the ecological parameters.
Brachionus rubens, Diaphanosoma sarsi, Cyclops sp., and Mesocyclops leuckarti were positively
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correlated with temperature. Bosmina sp., Ceriodaphnia cornuta, and Diaptomus gracilis
showed close affinity to phosphates and transparency. Cyclops nanus, Diaptomus sp., and
Brachionus quadridentatus showed close affinity to the TDS, while nauplii showed close
affinity to pH.
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BR: Brachionus rubens, BC: Brachionus calyciflorus, BQ: Brachionus quadridentatus, BU: Brachionus urceo-
laris, BS: Brachionus sp., KC: Keratella cochlearis, CN: Cyclops nanus, CS: Cyclops sp., ML: Mesocyclops
leuckarti, DG: Diaptomus gracilis, DS: Diaptomus sp., BM: Bosmina sp., CC: Ceriodaphnia cornuta, DP:
Diaphanosoma sarsi, NP: nauplii).

CCA was also conducted using seven ecological parameters and 14 zooplankton
species for February (Figure 6b). The eigenvalue of axis 1 showed a 52.52% correlation, and
axis 2 showed a 23.26% correlation between the ecological parameters and zooplankton
species. Thus, the first two axes cumulatively explain 75.78% of the variance. The TDS,
phosphates, and nitrates have a significant impact on the abundance of zooplankton species.
Ceriodaphnia cornuta, Brachionus rubens, Cyclops sp., Cyclops nanus, and Diaphanosoma sarsi
were highly correlated with the ecological parameters. Brachionus rubens, Diaptomus sp., and
nauplii were positively correlated with transparency, pH, and temperature. Ceriodaphnia
cornuta, Mesocyclops leuckarti, Bosmina sp, and Brachionus calyciflorus showed close affinity
to the TDS, while Cyclops sp., Cyclops nanus, and Diaphanosoma sarsi showed close affinity
to the DO.

4. Discussion
4.1. Zooplankton Communities

The health of aquatic water bodies can be predicted and ascertained by the avail-
ability of several planktonic groups [36,37]. Homestead ponds are considered potential
aquatic resources for fish culture using natural food [38,39], and thus the diversity and
community structure of the zooplankton in the homestead ponds were assessed in the
present study. During the present study, only 16 zooplankton species of four groups were
identified from the homestead fish ponds, which indicates a ‘low ecological status’. The low
number of species may be attributed to eutrophication leading to cyanobacterial blooms,
dissolved oxygen lowering, and, therefore, poor water quality in the culture system [8,40].
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Again, the presence of certain zooplankton species, such as Brachionus sp. Bosmina sp and
Mesocyclops sp, indicates a high amount of suspended material in the water body. The
zooplankton communities identified from Lakshadweep Archipelago, India (56 species,
7 groups) [41], from a seagrass habitat (45 species, 13 groups) [42] and a man-made lake
(27 species, 3 groups) in Malaysia [43], from the maritime channel systems in the Bay of
Bengal (32 species, 11 groups) [1], and from a salt marsh estuary, Cox’s Bazar (33 species,
11 groups), in Bangladesh [44] were far more numerous than those in the present study,
which can be attributed to diversified ecosystems. However, several previous studies have
recorded a similar number of zooplankton species in brood ponds (11 genera, 6 groups) [45],
Kaptai Lake (10 genera, 3 groups) [46], and aquaculture ponds (9 genera, 4 groups) [47].
Among the four groups of zooplankton, Copepoda accounted for the majority (35.58%),
and Cladocera and Rotifera accounted for 27.37% and 27.78%, respectively, which is in
accordance with several other studies [43,45,46,48]. Among all the groups, Copepoda was
found to be dominant during December (42.74%), and Cladocera was found to be domi-
nant in February (33.01%), which can be attributed to the variations in the environmental
parameters. The maximum number of zooplankton species (13) was recorded at S3 during
February, and the minimum number of species (10) was recorded at many stations during
both months as the distributions of the zooplankton depend upon the physico-chemical
factors of the environment [49].

4.2. Zooplankton Abundance and Diversity

The highest abundance of zooplankton was 346.14 ± 7.22 ind./L, and the lowest was
211.52 ± 11.01 ind./L in the homestead ponds of the study area. A similar abundance
of zooplankton was found by [50], which was relatively lower than that of the other
studies [41,42,46,47]; this may be due to differences in the ecosystems as well as lack of
feeding and fertilization in the studied homestead ponds [38]. The mean abundance of
the zooplankton was found to be higher (301.19 ± 40.55 ind./L) in February and lower
(293.02 ± 21.12 ind./L) in December in the present study. One study [46] found a higher
abundance of zooplankton in summer and a lower abundance in early summer, while
another study [1] found the maximum abundance of zooplankton during winter and the
minimum during summer. The zooplankton abundance at different stations and months
showed different trends due to variations in the ecological parameters.

The Shannon–Wiener Diversity Index (H’) varied from 2.49 ± 0.04 to 2.12 ± 0.05 in
the present study, which indicates a moderate diversity of the zooplankton [34] in the
homestead ponds. The species Evenness Index (e) ranged from 0.93 ± 0.04 to 0.84 ± 0.04
in the present study, indicating that the zooplankton community is moderately stable [32].
The higher richness values reflect the suitability of the habitat for the organism and have
been reported to be correlated with a longer food chain and a complex food web of the
ecosystems, as well as a more stable community [33]. The Margalef Species Richness Index
(J) ranged between 2.05± 0.01 to 1.56± 0.01 in the present study, showing the suitability and
stability of the zooplankton community. The Dominance Index (D) ranged from 0.13 ± 0.01
to 0.09 ± 0.001 in the present study, indicating the low dominancy of zooplankton [34]
in the homestead ponds. The measured diversity indices of the homestead ponds in the
present study were found to be similar to those of other studies [38,41,42]. Significant
differences were found in the Shannon–Weiner Diversity Index (H’), the Margalef Species
Richness Index (J), and the Dominance Index (D) in December and February, but not in the
species Evenness Index (e), and no significant differences were observed between months,
except for the Dominance Index (D), which may be due to the study taking place in the
same season.

4.3. Zooplankton Assemblage

In the present study, significant differences (p < 0.05) were observed among the differ-
ent stations, but no significant differences (p > 0.05) were found in the pair combinations
of stations or between months for zooplankton assemblage in the homestead ponds. Sig-
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nificant differences among the stations were attributed to household activities, extensive
aquaculture practices, and long distances between the homestead ponds [38]. No signifi-
cant differences in the zooplankton between the months and the pair combinations of the
stations were found, which may be due to the study taking place in the same season and
the similarity of the physico-chemical parameters [38]. High zooplankton diversity was
observed in the homestead ponds with variations in the dominant species between stations
for the zooplankton assemblage. Other researchers have also reported a high diversity of
zooplankton [39,42].

The cluster analysis (CA) revealed five major clusters in December and three major
clusters in February with a similarity of 88% in the present study. The zooplankton clusters
generated by combining the stations indicated that stations contained in a cluster have
similar habitat conditions and, as a result, more or less the same species composition and
abundance, depending on the degree of similarity [42]. On the contrary, the stations that
remained isolated in a single cluster showed differences in the zooplankton composition
and abundance in these homestead ponds [42], which might be due to variations in the
physico-chemical parameters and the different kinds of biological cycles that did not
coincide with them [51].

4.4. Ecological Parameters

Different environmental factors play important roles in the development and abun-
dance of zooplankton [52], with limiting factors, such as temperature, pH, dissolved oxygen,
and nutrients [53–55]. Significant differences were found for the temperature, pH, DO,
TDS, transparency, and phosphates in the present study, whereas no significant differences
were found for nitrates during December. Significant differences between months were
not found for the ecological parameters due to the study taking place in the same season.
The water temperature recorded during the study period was relatively low, which might
be due to the winter season. The water of the studied homestead ponds was alkaline,
which revealed the suitability of the homestead ponds for fish production. Similar values
of temperature and pH have been found by other studies [39,53,54]. The DO level in natu-
ral water depends on the atmospheric air pressure, photosynthetic activity, temperature,
salinity, and turbulence [56]. The DO concentration in the present study was relatively
low, which can be attributed to lower temperatures and shorter sunlight periods, which
affect photosynthesis and is similar to the findings of other studies [39,41,50,57]. Variations
in water transparency are responsible for various factors, such as silting, phytoplankton
density, suspended organic matter, latitude, season, and the angle and intensity of in-
cident light. The water transparency in the present study was similar to that of other
studies [39,47], and the TDS values in the studied homestead ponds were higher than
those in other studies [38,39]. Aquatic nitrogenous and phosphorus nutrients control the
distribution and diversity of zooplankton [58]. The relatively low nitrate concentration is
inconsistent with some other previous investigations [39,47,51], which might be due to low
or no fertilization and supplementary feed in the homestead ponds [38]. The relatively
high concentration of phosphates may be due to household activities that use detergents
and washing powders [38,59]. Higher values for the ecological parameters were found in
February, except for pH, TDS, and transparency, which is compatible with the findings of
other studies [39,50].

4.5. Relationship between Ecological and Biological Variables

The physico-chemical parameters and the quantity of nutrients in the water play a
significant role in the plankton distribution patterns and species composition [60,61]. In the
present study, Pearson’s correlation revealed that phosphates have a positive correlation
with Cladocera (r = 0.847) during December, and nitrates have a positive correlation with
copepoda (r = 0.719) and total zooplankton (r = 0.809). The lack of a strong relationship
between most of the ecological parameters, and zooplankton abundance was revealed
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by the correlation analysis, which may be attributed to the limited size of the homestead
ponds [38].

However, a clear relationship between the zooplankton species and ecological pa-
rameters was demonstrated by the canonical correspondence analysis (CCA). The CCA
identified that pH, dissolved oxygen, transparency, nitrates, and phosphates have a signif-
icant impact on the abundance of zooplankton species in homestead ponds in the study
area. The abundance of Bosmina sp., Brachionus rubens, Cyclops sp., Cyclops nanus, Diaptomus
sp., and Diaphanosoma sarsi was highly correlated with the ecological parameters. Several
previous studies have also shown that zooplankton communities are controlled by different
ecological variables [39,41,50,54,62,63].

5. Conclusions

This study presents preliminary information regarding zooplankton diversity, abun-
dance, community structure, ecological parameters, and the influence of ecological vari-
ables on zooplankton in the homestead fish ponds of a tropical coastal district. Although
a low number of zooplankton species (16 species) was recorded, the high abundance
(293.02 ± 21.13 ind./L) of the zooplankton confirms the suitability of the homestead ponds
for aquaculture. The low number of species might be attributed to frequent eutrophication
phenomena, commonly occurring in small-scale tropical fish ponds. Copepoda, Rotifera,
and Cladocera dominated in the zooplankton communities, which is usual for fish ponds.
Among the studied ecological variables, TDS, phosphates, and nitrates were found to
have a significant impact on the abundance of the zooplankton species as revealed by the
CCA. The presence of certain zooplankton species, such as Brachionus sp., Bosmina sp., and
Mesocyclops sp. indicates a high amount of suspended material in the water body, which
may lead to eutrophication of the water body. The suspended material comes from bathing
and washing, animals, clothes, and households, making the environment unsuitable for
fish and other organisms. The findings of the present study are useful for the maintenance
of a healthy ecosystem for fish culture in these studied ponds. In addition, they provide
basic knowledge for further research on zooplankton diversity, abundance, ecological
parameters, and the influence of ecological variables on zooplankton in homestead ponds.
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www.mdpi.com/article/10.3390/d14090755/s1, Table S1: Results of one-way ANOSIM and SIMPER
analysis on the zooplankton abundance between different stations. Table S2: Average dissimilarity
and discriminating species in each station and season using SIMPER analysis. Table S3: Pearson’s
correlation coefficient among ecological parameters, zooplankton abundance and diversity indices (a)
December (b) February.
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