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waterbodies along trophic and urban
gradients
Siti Balqis Abd. Razak and Zati Sharip*

Abstract

The ecological impacts of urbanization and eutrophication on zooplankton communities in urban waterbodies have
recently gained wide interest. Study findings vary across species and urban waterbodies. How the development of
such changes affects the variation of biotic assemblages has only been explored to a limited extent in tropical
urban lakes.
Spatial and temporal variations of zooplankton community structure in 11 urban waterbodies in the Klang Valley,
Malaysia were investigated along trophic and urbanization gradients. Zooplankton and water quality samples were
collected three times, between May and November 2017, from two different locations in each lake. All three main
zooplankton groups (rotifera, copepoda, and cladocera) were recorded from the study areas throughout the
sampling period. The zooplankton community structure, particularly with regard to rotifers and cladocerans, varied
between lakes and seasons. Zooplankton diversity does not vary with lake size or distance from the city center but
does vary with shoreline development index and urbanization impacts. The zooplankton populations were
dominated by rotifers, mainly Brachionus angularis at all study sites during the study period followed by copepods
and cladocerans. The total density of zooplankton was significantly highest (p < 0.05) in the hypereutrophic lakes
and during the dry season. Zooplankton diversity and rotifer species richness were negatively correlated with total
phosphorus (TP). Diversity increased with urbanization and shoreline development, with rotifers as a potential
bioindicator of trophic state in urban tropical lakes, due to their close relationship with TP.
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Introduction
Lake ecosystems generally have three trophic compo-
nents, namely, phytoplankton as the primary producers,
zooplankton, and higher trophic consumers such as
fishes (Wetzel 2001). Zooplankton communities play an
important role in the food web structure and in ecosys-
tem health by feeding on phytoplankton, and they serve
as food for higher trophic fishes and many carnivorous
invertebrates. Their direct and rapid response to many
physical, chemical, and biological changes in aquatic

ecosystems means that zooplankton represents a useful
indicator that could reflect the changes in aquatic eco-
systems caused by pollution and various other distur-
bances (Marques et al. 2007). Different zooplankton
groups may have different responses to eutrophication,
due to differences in reproductive rates, filtering capaci-
ties (An et al. 2012), and food selection (Lodi et al.
2011). Water quality in many lakes is deteriorating due
to anthropogenic effects, subsequently affecting zooplank-
ton community structures, such as their composition and
abundance, due to their sensitivity to environmental
changes. Ban et al. (2013) reported that zooplankton com-
munity structure varies with chlorophyll a concentration,
temperature, and different higher trophic species, such as
fish communities, which prey on zooplankton. Mimouni
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et al. (2018) showed a stronger relationship between zoo-
plankton species richness and macrophyte cover in urban
waterbodies: a higher macrophyte cover provides a higher
diversity of habitats for zooplankton communities.
The majority of lakes and ponds situated in urbanized

and highly populated areas tend to receive municipal waste-
water discharges, failing septic systems, and sewage over-
flows, inducing rapid deterioration of water quality and
eutrophication (Naselli-Flores 2008). Higher nutrient loads
lead to a higher trophic state in urban lakes, as their smaller
and shallower morphology (Birch and McCaskie 1999)
makes them more sensitive to water pollution and eu-
trophication. Studies show that high levels of urbanization
reduce aquatic biodiversity in urban lakes due to the re-
placement of natural habitat by roads and buildings (Hassall
and Anderson 2015). Urbanization levels decrease cla-
doceran abundance and zoobenthos diversity and increase
dominant species in urban streams and waterbodies (Oruso
2001). In contrast to natural lakes, urban ponds had a con-
crete margin, a synthetic base, reduced vegetation cover,
and lower connectivity to other waterbodies and are subject
to run-off from residential and industrial development
which can greatly increase the pollution levels and eu-
trophication (Hassall 2014). A cascading effect on different
trophic levels, especially in zooplankton communities (Lodi
et al. 2011) during eutrophication may increase the density
of cyanobacteria and microalgae, which are inedible and
toxic to zooplankton (Paerl and Otten 2013). Thus, the
dominance of highly pollutant-tolerant species and a de-
crease in zooplankton diversity can be expected in highly
eutrophic waters (Ger et al. 2014). The marked dominance
of Brachionus forficula, Brachionus nilsoni, and Trichocerca
sp. suggests that these zooplankton species are good indica-
tors of eutrophic conditions in waterbodies Ismail and
Adnan (2016).
Urban lakes and ex-mining ponds are frequently used

for flood retention, and their intrinsic aesthetic value is
an attractive factor for recreational purposes (Naselli-
Flores 2008; Hassall 2014; Hassall and Anderson 2015),
besides providing habitat for many aquatic organisms in-
cluding zooplankton (Hassall 2014). To the best of our
knowledge, despite the importance of urban lakes for
containing water and cushioning floods, especially in a
densely populated area such as the Klang Valley in
Malaysia, few studies have been carried out on the habitat,
and particularly on the zooplankton structure, of urban
tropical waterbodies. Such waterbodies, located in urban-
ized settings, are severely threatened by rapid develop-
ment and eutrophication. Nevertheless, these waterbodies
are becoming hotspots for recreation and fishing activities.
In this study, we investigate the variation of zooplankton
community structures in urban lakes and ponds along
trophic and urbanization gradients in Kuala Lumpur and
Selangor, Malaysia. This study on the taxonomy and

structure of zooplankton populations will support man-
agement efforts in developing a basis for sustainable water
protection and fishery resources development in urban
waterbodies.

Materials and methods
Study area
The Klang Valley is the most populated area in Malaysia
(greater than six million inhabitants) and has experi-
enced rapid urbanization over the last two centuries.
This urbanization process has an impact on surrounding
waterbodies created for flood retention and on ex-
mining pools. A total of 11 waterbodies, ranging in size
from 6.6 to 65 ha, were selected for this study (Table 1).
The waterbodies were selected based on different dens-
ities of development (urbanization status), i.e., high-
density, medium-density, or low-density development.
The waterbodies’ distances from the city center of Kuala
Lumpur ranged from 2.3 to 23.2 km. Five waterbodies
were used as urban gardens and recreational sites, while
the rest were used solely for flood retention.

Zooplankton sampling and enumeration
Field measurements were carried out in 2017, and samples
were collected three times between May and November.
Zooplankton samples were collected vertically using a
zooplankton net (mesh size: 60 μm). The collected zoo-
plankton samples were preserved in 5% buffered formalin
(final concentration) and kept in 500-ml plastic bottles
prior to subsequent analysis. All samples were transported
to the laboratory for taxonomic identification and enu-
meration. A sample of 1–5 ml (depending on the zoo-
plankton density, i.e., where no fewer than 150 individuals
of the dominant species were counted) was placed in a
Sedgewick Rafter counting chamber and left to settle for
half an hour prior to transfer to the microscope stage
(Nikon Eclipse E400, Nikon, Japan). Identification of zoo-
plankton was based on descriptions, a taxonomic key and
illustrations by Phan et al. (2015), Segers (2008), and Sa-
Ardrit et al. (2013). Random non-overlapping fields were
examined until at least 150 individuals of the dominant
species were counted and reported as a number of individ-
uals per liter. The density of zooplankton was calculated
according to Lee and McAlice (1979).

Environmental variables
Water samples were collected at surface level (about
0.5 m) or mid-depth (for shallower sites below 1 m)
using a 2.2-L Van Dorn sampler. Samples were analyzed
for total phosphorus (TP) using a DR2800 spectropho-
tometer. The lake size, shore length, and distance to the
city center were measured using Google Earth Pro. The
urbanization gradient is measured using surface area, shore
length, shoreline development index, pond distance from
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the city center (CCD), and the urban impact assessment
(UIA) scale. The shoreline development index (SDI) was
calculated based on the waterbody’s surface area and
shoreline length following Osgood (2005) and categorized
as small (< 8 ha), medium (8–17 ha), or large (> 17 ha).
The urban impact assessment scale (UIA) was subjectively
estimated based on the three-scale approach used by Paw-
likiewicz and Jurasz (2017): 1 = completely urbanized area
with high-density development, 2 = significantly urbanized
area with medium-density development, and 3 = area with
a low degree of urbanization or low-density development.
Due to the close proximity of some ponds, we limited
urbanization impacts to those originating within a 1-km
radius surrounding the ponds. The distance from the city
center of Kuala Lumpur was categorized into three groups:
1 (< 6 km), 2 (6–10 km), and 3 (> 10 km).

Data analysis
Biodiversity indices were calculated for each sample: the
number of species, the Shannon-Wiener diversity index,
Margalef species richness index, and Pielou’s evenness
index. Species abundance data were transformed via
square roots to balance the contributions from the few
very abundant species with the many rare species (Clarke
and Warwick 1994), while TP values were log-transformed
to improve normality. All values were pooled into mean
values for each waterbody to analyze the zooplankton
structure against TP and urbanization gradient. The effects
of the urbanization gradient on zooplankton density and
diversity were tested using the non-parametric Kruskal-
Wallis test and pairwise comparison.
Cluster analysis and non-dimensional metric scaling

(NMDS) were employed to visualize multivariate patterns
of the zooplankton abundance. The SIMPER (similarity
percentage) analysis was used to determine the contribu-
tion of each rotifer species to the average similarity within
the site defined. Non-parametric Spearman’s rank-order

correlation analyses were conducted on the environmental
parameters and rotifer communities, to determine whether
any significant relationships existed among the parameters.
Seasons were categorized into dry (May–September) and
wet (October–December) for t test analysis. A Mann-
Whitney U test was carried out to test the significant dif-
ferences between dry and wet seasons. All multivariate
analyses were performed using the PRIMER software pack-
age, v. 6.1.9 (PRIMER-E Ltd.), while correlations, non-
parametric tests, and t tests were conducted using SPSS v.
22 (IBM SPSS Statistical, Chicago, USA).

Results
Trophic state conditions
Total phosphorus (TP) concentration was significantly
highest (p < 0.05) in Selayang Pond throughout the study
period, followed by Intan Baiduri Lake, Danau Kota
Pond, and Jinjang Pond. The TP concentration was sig-
nificantly lowest (p < 0.05) in Titiwangsa Lake. The TP
concentrations in the remaining lakes and ponds ranged
from 7.6 × 10−7 to 59 × 10−7 μM (Fig. 1). The Carlson
Trophic State Index (CTSI) based on TP showed that all
the studied ponds were categorized as eutrophic to
hypereutrophic. Selayang Pond had the highest CTSI
value (> 100) followed by Intan Baiduri Lake and Danau
Kota Pond. The remaining ponds had CTSI values < 100
with the lowest value in Titiwangsa Lake (58.2).

Spatial and temporal zooplankton abundance and
diversity
A total of 45 zooplankton taxa were recorded in the
study areas throughout the sampling period comprising
35 species of rotifer, five species of copepoda (including
all developmental stages, i.e., nauplii, copepodites, and
adults), three species of cladocera, and one species of
ostracoda (see supporting document for a list of species
and their abundances). Rotifera were highly dominant

Table 1 Physical characteristics of studied lakes and ponds

Lake/pond Latitude, longitude Urbanization gradient Surface area (km2) Shore length (km) Distance from the
city center (km)

Permaisuri 101°43′11.826″ E, 3°5′59.249″ N Low density, urban lake garden 0.05 1.33 6.4

Intan Baiduri 101°39′23.014″ E, 3°13′57.899″ N High density 0.17 1.69 10.4

Metropolitan 101°38′47.393″ E, 3°13′29.114″ N Medium density, urban lake garden 0.42 2.95 10.5

Biru Kundang 101°31′32.00″ E, 3°15′0.56″ N Low density 0.28 2.13 23.2

Titiwangsa 101°42′20.26″ E, 3°10′37.84″ N Medium density, urban lake garden 0.14 3.15 2.4

Batu 101°40′36.865″ E, 3°13′21.011″ N High density 0.65 3.28 8.2

Desa Park 101°41′30.818″ E, 3°6′8.042″ N Low density 0.12 1.61 6.5

Jinjang 101°40′0.071″ E, 3°12′45.049″ N High density 0.40 3.8 8.1

Sri Johor 101°42′45.165″ E, 3°6′27.725″ N High density 0.15 1.75 5.5

Danau Kota 101°43′7.524″ E, 3°12′13.215″ N Medium density 0.07 1.1 5.2

Selayang 101°39′54.513″ E, 3°14′9.933″ N High density 0.09 1.38 9.9
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(> 98.5%) in Jinjang Pond, Danau Kota Pond, and Intan
Baiduri Lake, followed by Biru Kundang and Metropolitan
Lakes (> 80%), Titiwangsa Lake (76.2%), and Selayang
Pond (60.2%). Meanwhile, Desa Park Pond and Sri Johor
Pond were dominated by copepoda with values of 61.4%
and 60.6%, respectively. Cladocera contributed less than
10% of the total zooplankton in all study sites while ostra-
coda were found only in Biru Kundang Lake.
Among the study areas, the mean density of total zoo-

plankton was significantly highest (p < 0.05) in Selayang
Pond (Fig. 2), followed by Biru Kundang, Intan Baiduri,
Danau Kota, Jinjang, Metropolitan, and Titiwangsa lakes.
The zooplankton densities of the remaining lakes and
ponds were less than 100.0 ind. L−1. In Selayang, Intan
Baiduri, and Danau Kota Ponds, total zooplankton dens-
ity was recorded as highest in July 2017 (dry season) and
lowest in October 2017 (wet season) (Fig. 3). Meanwhile,
a high total zooplankton density was recorded in Biru

Kundang Lake in May 2017 with a total of 1409.7
ind. L−1. A Mann-Whitney U test analysis showed that
overall zooplankton densities were significantly higher
(p < 0.05) in the dry season (411.43 ± 162.04 ind. L−1)
than in the wet season (86.98 ± 27.27 ind. L−1) (Fig. 4).
The highest zooplankton diversity and species evenness
was recorded in Titiwangsa Lake and Metropolitan Lake,
while the lowest diversity and species evenness was re-
corded in Jinjang Pond. The NMDS plot showed five
distinct clusters at 50% similarity (Fig. 5). Both hypereu-
trophic waterbodies, Intan Baiduri Lake, and Selayang
Pond are clustered with 65% similarity. Batu Pond, a
flood retention pond, had the highest zooplankton rich-
ness followed by Desa Park Pond and Permaisuri Lake.
The zooplankton populations were mostly dominated

by rotifers at all study sites (Table 2). Permaisuri Lake,
Batu Pond, and Desa Park Pond had high species rich-
ness. A decreasing trend of rotifer diversity was found

Fig. 1 Total phosphorus concentration (10−7 μM) in studied lakes and ponds

Fig. 2 Total zooplankton density (ind. L−1) in studied lakes and ponds. Different superscripts show a significant difference (p < 0.05)
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during the wet season for Permaisuri Lake and Sri Johor
Pond, while an increasing trend was observed for Intan
Baiduri and Biru Kundang Lakes (Fig. 6).

Effects of urbanization and nutrient gradient on
zooplankton abundance and diversity
In terms of urbanization parameters, no relationship was
observed between zooplankton density or diversity and
lake morphometry, i.e., surface area and shore length
(p > 0.05). Only species diversity showed significant dif-
ferences with SDI (p < 0.05) (Fig. 7). Batu and Jinjang
ponds had the highest SDI while Permaisuri Lake and
Danau Kota Pond had the lowest SDI. The cladoceran
density was significantly related to UIA (p < 0.05).
Higher cladoceran densities were recorded in ponds lo-
cated in low-density development areas such as Biru
Kundang and Permaisuri Lakes. No relationship was

found between zooplankton density or diversity and dis-
tance from the city center. Zooplankton diversity and ro-
tifer species richness were negatively correlated with TP
(p < 0.05). Furthermore, rotifer species evenness and di-
versity indices were positively correlated with shore
length, with r = 0.51 and r = 0.59, respectively (Table 3).
This result is consistent with findings by Lodi et al.
(2011), showing that the total density and evenness of
rotifer communities were the best correlates of eutrophi-
cation and that zooplankton density increased with eu-
trophication level.

Bioindicator species
SIMPER analyses based on community estimates at dif-
ferent lakes and ponds identified the discriminator spe-
cies primarily accounting for the assemblage differences
between the various lakes and ponds. Table 4 shows the

Fig. 3 Temporal abundance (%) of zooplankton groups in studied lakes and ponds

Fig. 4 Total zooplankton density during dry and wet seasons in studied lakes and ponds
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two species with the highest percentage contribution in all
the lakes and ponds. SIMPER analysis showed that Bra-
chionus angularis was the major contributor species, in
the following waterbody order: Danau Kota > Selayang >
Sri Johor > Intan Baiduri > Jinjang > Desa Park > Batu. In
addition, Hexarthra mira and Polyarthra vulgaris con-
tributed high percentages in Permaisuri Lake (65.2%)
and Metropolitan Lake (31.5%), respectively. Keratella
cochlearis contributed fairly high percentages in Biru
Kundang Lake (24.2%) and Titiwangsa Lake (20.3%).

Discussion
Spatial and temporal variation of zooplankton communities
The present study illustrates the varying zooplankton
structure in urban tropical lakes in Malaysia. Nutrient
levels, and zooplankton diversity and species evenness

varied between lakes. Significant differences in zooplank-
ton densities were also found among lakes. A high dens-
ity of zooplankton was observed in highly eutrophic
ponds. Rotifer was dominant in Jinjang, Intan Baiduri,
and Danau Kota ponds throughout the study. In con-
trast, copepod was more dominant in Permaisuri, Desa
Park, and Sri Johor ponds. Organic and inorganic matter
from the anthropogenic activities draining into the pond
increased the nutrient and water turbidity levels (Dod-
son et al. 2007). A high turbidity level, due to elevated
suspended sediments, limits the visual distance of plank-
tivorous species, which may lead to a declining foraging
rate, allowing increased survival of the zooplankton
community and therefore an increase in the zooplankton
density (Wetzel 2001). This study found that a higher
density of zooplankton was observed during the dry

Fig. 5 NMDS plot of zooplankton abundance, with superimposed circles of increasing TP concentration. Numbers: 1 - Permaisuri, 2 - Intan
Baiduri, 3 - Metropolitan, 4 - Biru Kundang, 5 - Titiwangsa, 6 - Batu, 7 - Desa Park, 8 - Jinjang, 9 - Sri Johor, 10 - Danau Kota, 11 - Selayang. Solid
line: 45% similarity; dashed line: 50% similarity; dotted line: 65% similarity

Table 2 Biodiversity index of zooplankton in studied ponds and lakes. Item in parentheses represents rotifer diversity

Lake/pond Species number
S

Number of individual
N

Margalef richness index (d) Shannon-Wiener diversity
index (H′)

Pielou evenness
index (J′)

Permaisuri 20 (14) 31 (16) 5.51 (4.72) 1.86 (1.26) 0.62 (0.48)

Intan Baiduri 21 (18) 416 (411) 3.32 (2.82) 1.41 (1.35) 0.46 (0.47)

Metropolitan 24 (20) 187 (152) 4.40 (3.78) 2.20 (2.02) 0.69 (0.67)

Biru Kundang 33 (25) 562 (500) 5.05 (3.86) 2.01 (1.70) 0.58 (0.53)

Titiwangsa 20 (16) 116 (91) 4.00 (3.32) 2.34 (2.13) 0.79 (0.77)

Batu 25 (19) 55 (32) 6.00 (5.19) 2.16 (1.79) 0.67 (0.61)

Desa Park 20 (15) 42 (14) 5.10 (5.37) 2.06 (1.92) 0.69 (0.71)

Jinjang 19 (16) 265 (264) 3.22 (2.69) 1.87 (1.81) 0.78 (0.65)

Sri Johor 16 (10) 38 (12) 4.14 (3.58) 1.74 (1.23) 0.62 (0.53)

Danau Kota 24 (20) 378 (374) 3.88 (3.21) 1.77 (1.68) 0.56 (0.56)

Selayang 20 (16) 1248 (715) 2.66 (2.28) 1.64 (1.13) 0.55 (0.41)
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Fig. 6 Rotifer species diversity index (H′) during dry and wet seasons in studied lakes and ponds

Fig. 7 Abundance and diversity against urbanization gradients. Numbers: 1 = high-density development, 2 =medium density development, and
3 = low-density development
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season compared to the wet season. A similar finding
was obtained by Shukla and Singh (2013), who studied
the seasonal plankton population in Maheshara Lake,
India. High zooplankton density during the dry season is
probably due to the high photosynthetic activity (Shukla
and Singh 2013) that provides the food for zooplankton,
as well as to favorable environmental conditions (Man-
ickam et al. 2018). High seasonal variation of zooplank-
ton communities, including rotifers, was also observed
by Umi et al. (2018) and Sharip et al. (2017): a higher
density of zooplankton was found in three different res-
ervoirs, between June and October, coinciding with the
dry months.
The highest diversity of zooplankton, found in Titiwangsa

Lake, maybe related to the presence of macrophytes. High
submerged macrophyte cover was qualitatively observed in
this waterbody during the field sampling. A strong positive
relationship between zooplankton diversity and richness
and macrophyte abundance has been shown in a few
studies in other temporary and permanent ponds includ-
ing stormwater detention structures (Mimouni et al. 2018;

Sun et al. 2019). Possible macrophyte effects that could
drive zooplankton species richness include ecological gra-
dient such as food availability and low predator visibility
(Mimouni et al. 2018).

Urbanization and nutrient gradient on zooplankton
abundance and diversity
Among the urbanization parameters, urbanization im-
pacts have greater influence in shaping diversity. Dis-
tance from the city center has no significant relation to
the variation of zooplankton structure, probably due to
localized urban effects as the waterbodies are drained by
different river tributaries. Even waterbody within the
same river basin, such as Jinjang Lake, Intan Baiduri
Lake, Selayang Pond, and Metropolitan Lake, which are
all drained by the Jinjang River, exhibit different trophic
and zooplankton community variations. Lakes that are
surrounded by dense housing development and heavy
industry (Jinjang, Selayang, and Intan Baiduri) are more
polluted than lakes surrounded by low-density development
and gardens (Titiwangsa, Metropolitan ,and Permaisuri).

Table 3 Spearman correlation matrix of zooplankton and environmental parameters

Variables Total
phosphorus

Surface
area (ha)

Shore
length (km)

Rotifer
density

Rotifer species
richness (d)

Rotifer species
evenness (J’)

Rotifer species
diversity (H′)

Zooplankton
density

Total phosphorus 1.00

Surface area (ha) − 0.14 1.00

Shore length (km) − 0.34 0.85 1.00

Rotifer density 0.40 0.05 − 0.09 1.00

Rotifer species richness (d) − 0.55 0.11 0.03 − 0.64 1.00

Rotifer species evenness (J’) − 0.42 0.29 0.51 − 0.47 0.35 1.00

Rotifer species diversity (H′) − 0.45 0.44 0.59 − 0.19 0.31 0.91 1.00

Zooplankton density 0.45 0.12 −0.04 0.97 − 0.65 − 0.39 − 0.15 1.00

Zooplankton diversity − 0.73 0.33 0.49 − 0.36 0.60 0.79 0.84 − 0.37

Values in italics are significant different p < 0.05

Table 4 Major rotifer contribution to the average similarity determined by SIMPER analysis in studied lakes and ponds

Species Contribution %

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11

Ascormopha ecaudis 16.58

Asplanchna priodonta 13.53 29.91

Brachionus angularis 34.58 17.33 24.05 29.88 32.87 40.91 46.14 45.86

Brachionus falcatus 15.08

Brachionus caudatus 26.03

Polyathra vulgaris 19.80 31.47 23.67 26.48 19.52

Keratella cochlearis 24.04 26.03

Filinia terminalis 19.69

Hexarthra mira 65.21

Average similarity 18.17 33.79 40.76 24.85 45.62 49.64 49.10 42.84 46.91 23.28 33.41

Note: L1 - Permaisuri, L2 - Intan Baiduri, L3 - Metropolitan, L4 - Biru Kundang, L5 - Titiwangsa, L6 - Batu, L7 - Desa Park, L8 - Jinjang, L9 - Sri Johor, L10 - Danau
Kota, L11 - Selayang
Note: Value in bold are significant different p < 0.05
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Direct discharges of waste water containing high TP from
markets and stalls, and inadequate waste water treatment
facilities have been reported as significant contributors of
nutrients and other pollutants in urban environments
(Sharip and Mohamad 2019). These factors impact on the
trophic condition of waterbodies and subsequently their
ecological quality. Dodson et al. (2007) reported that zoo-
plankton richness and composition were indirectly associ-
ated with land use, including urbanization.
Among the zooplankton group, rotifers were the rich-

est species group compared to copepods and cladoc-
erans. They have been used as a bioindicator of lake-
water quality status (Pontin 1978; Ejsmont-Karabin
2012; Oh et al. 2017) besides being deemed the most im-
portant zooplankton group in the freshwater food web,
especially in lentic water (Lokko et al. 2017; Wen et al.
2017). In this study, a total of 37 rotifer species were
recorded. Rotifer species found in the studied lakes were
comparable with those found in freshwater localities in
Malaysia (Meor Hussain et al. 2002; Ismail and Adnan
2016; Sharip et al. 2017). These findings were compar-
able with those of Wen et al. (2017) who found 47 roti-
fer species in their study in two urban lakes in China
and higher than those of Manickam et al. (2018) who
found nine rotifer species in their study of Ukkadam
Lake in India.
In this study, copepods, dominated by copepod nau-

plii, were dominant in Desa Park and Sri Johor ponds.
The dominance of copepod nauplii and copepodites was
typical of eutrophic waters. This is probably due to the
larger size of the adult stage, which increases the preda-
tion rate Sampaio et al. 2002. Additionally, it is also
probably influenced by the feeding behavior of copepods
nauplii, which are considered to be herbivorous, in con-
trast to the adult copepods which are mostly carnivor-
ous. High densities of phytoplankton in eutrophic waters
possibly provide enough food for the nauplii. Meanwhile,
cyclopoids dominated the adult copepod assemblage in
the studied ponds. Kumar and Rao (2001) also men-
tioned that cyclopoid predators are dominant in eu-
trophic waterbodies as they have wide range of prey
species (ciliates, rotifers, and cladocerans). In addition,
Pinto-Coelho and Bezerra-Neto (2005) showed that cala-
noids were good indicators for oligotrophic lakes. This
study also showed a low density of calanoids in the study
area. Cladocerans had the lowest abundances and were
sometimes absent in the studied ponds. Higher cla-
doceran densities were found in less urbanized ponds
(Permaisuri and Desa Park) consistently with the find-
ings of Gianuca et al. (2018). Gianuca et al. (2018)
showed that the dominance of cladoceran species was
related to traits and phylogenetic metrics with large-
bodied species becoming more dominant in less urban-
ized systems. Abrantes et al. (2006) showed that the

presence of Cyanobacteria in eutrophic waters decreased
the densities of cladocerans, especially Daphnia. The
toxicity and filamentous characteristics of cyanobacteria
decrease the grazing rate of cladocera and reduce their
abundance. The cause of the occurrence of ostracods in
Biru Kundang Lake was not known, due to limited infor-
mation about environmental parameters. Rossetti et al.
(2004) showed that total alkalinity and pH were the
most important parameters structuring the ostracods
species assemblages.
Previous studies suggest that individual rotifer occur-

rences and distributions are commonly influenced by
trophic state (Duggan et al. 2001; Wen et al. 2011). In
this study, rotifer assemblages were dominated by Bra-
chionus. Brachionus has been reported as the most
abundant rotifer in eutrophic lakes, since it has a high
tolerance to pollutants (Tasevska et al. 2012). Further-
more, Ismail and Adnan (2016) stated that Brachionus is
a better trophic indicator than crustaceans as the former
are less affected by algal bloom. SIMPER analysis showed
that B. angularis had a high contribution in seven of the
11 studied ponds. Similarly, Mola (2011) also found B.
angularis to be the most dominant species in the
eutrophic Lake El-Manzalah. Kumar and Rao (2001)
showed that B. angularis was more successful that B. caly-
ciflorus in competing for the same food source, given its
smaller size. Likewise, in the hypereutrophic Sembrong
Reservoir, Brachionus, Keratella, and Trichocerca were the
most dominant genera recorded (Sharip et al. 2017; Umi
et al. 2018). In addition, Brachionus and Keratella
cochlearis have also been regularly reported as dominant
in eutrophic lakes (Špoljar et al. 2011; Ejsmont-Karabin
2012). In this study, Keratella cochlearis also had a high
contribution in the studied ponds.
The present data displayed no significant correlation

between crustacean zooplankton species richness and
TP, although species composition was correlated with
environmental gradients consistent with findings by
Dodson et al. (2009). A study by Pawlikiewicz and Jurasz
(2017) showed that the Shannon diversity index increases
with the size of a water body. Mimouni et al. (2015) also
identified waterbody size as one of the important local fac-
tors shaping variation in zooplankton community com-
position. In this study, such a linear relationship was not
observed, but diversity did increase with the shoreline
development index. Earlier, it was found that TP concen-
trations may not exhibit a linear relationship with an
increase in urbanization or development in natural trop-
ical lakes and urban ponds (Sharip et al. 2014), which may
support the present data.
Urban freshwater lakes and ponds are vulnerable to

anthropogenic activities including nutrient pollution. TP
was used as an independent variable to show trophic state
in this study. Pinto-Coelho and Bezerra-Neto (2005)
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showed that TP is a good descriptive variable for eutrophi-
cation in lakes and reservoirs. Carlson’s TSI was used in
this study for the trophic classification of lakes, due to its
simplicity, its wide usage and the fact that fewer parame-
ters are needed (Carlson 1977). CTSI values showed that
all lakes and ponds were contaminated with high TP con-
centrations and categorized as eutrophic. Cluster and
NMDS analysis showed that the zooplankton abundances
and community structures are associated with TP levels.
Lake eutrophication is a worldwide phenomenon, and
Malaysia is no exception. An earlier study on lake eu-
trophication in Malaysia showed that 62% of the 90 lakes
studied were identified as eutrophic (Sharip and Yusop
2007). The earlier study, however, did not include the
urban ponds studied here. In this work, all the studied
urban ponds were either eutrophic or hypereutrophic,
with Selayang Pond having the highest TP concentration.
The pond is highly eutrophic, probably due to the direct
discharge of waste water containing high nutrient concen-
trations from the wet market which is located close to the
pond (Jais et al. 2017). Furthermore, correlation analysis
showed that surface area and shore length had no influ-
ence on the TP concentration. The eutrophication is
mainly a result of anthropogenic activities.
The present study showed that zooplankton density

was positively correlated with TP. However, increased
zooplankton density as a reaction to eutrophication only
can be seen for some species. In eutrophic lakes, tolerance
mechanisms towards cyanobacteria are important for zoo-
plankton survival. Work and Havens (2003) showed that
zooplankton consume heterotrophic bacteria and cyano-
bacteria when the density of chlorophytes and diatoms is
low. However, some species have low tolerance to environ-
mental stress. This study also showed that species richness
was negatively correlated with TP. High TP concentration
is a probable reason for the decreasing species richness, as
some rotifer communities have been shown to respond
quickly to a wide range of environmental stresses (Wen
et al. 2017). Ger et al. (2014) also showed that the domin-
ance of high pollutant-tolerant species and a decrease in
zooplankton diversity are expected in highly eutrophic wa-
ters. Furthermore, a sharp decline in the biomass of the
cladoceran group with an increase in TP was reported by
Pinto-Coelho and Bezerra-Neto (2005). Sun et al. (2019)
showed that urban ponds that function as urban drainage
systems or stormwater detention structures not only
act as pollutant trap but also provide suitable habitats
for pollution-tolerant taxa.
The close relationship between zooplankton diversity

and TP indicates that zooplankton diversity has potential
as a bioindicator of lake trophic state in tropical urban
lakes. This study did not assess the effects of fishes on
the zooplankton community via predation or the influ-
ence of algae assemblages as food for the zooplankton,

which may affect the variability of zooplankton diversity
and density. Further work should be carried out to in-
vestigate the role of fishes, algal, and the overall food
web in urban tropical waterbodies.

Conclusions
This study observed the spatial and temporal zooplankton
structure and diversity in urban tropical lakes. Zooplankton
density was positively correlated with TP, while rotifer spe-
cies richness was negatively correlated with TP. Species
diversity was significantly related to shoreline development
index and urbanization impacts, rather than lake morph-
ometry. Increased urbanization and shoreline development
may decrease the zooplankton density and diversity and the
overall ecosystem health. Rotifers, dominated by Brachio-
nus angularis, were closely related to TP and may therefore
provide a potential bioindicator of the trophic state in
urban tropical lakes. Current knowledge about the impacts
of urbanization and eutrophication on zooplankton com-
munities in urban tropical waterbodies is limited. As
urbanization increases in developing nations, this finding
provides basic information about the zooplankton struc-
ture, diversity, and distribution in waterbodies that are cre-
ated or modified as recreational sites for city dwellers, for
further monitoring and assessment of urban ecosystems.
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