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Abstract

Aim: This study was conducted to evaluate the rotifer composition and abundance in lakes with different
environmental characteristics in an attempt to identify the relationship between the rotifer community
structure and environmental parameters.

Methodology: Bimonthly samplings were carried outin Sembrong, Putrajaya and Subang lakes from April
2015to February 2016. Duplicate rotifer samples were collected with a 60 um mesh net using vertical hauls
from about 30 cm from bottom to the surface, and preserved with 10% buffered formalin to produce 5% final
solution for identification and enumeration. Physico-chemical parameters were measured in situ using YSI
multi-parameter, and nutrient analyses were accomplished upon arrival in the laboratory of Marine
Biotechnology, Universiti Putra Malaysia.

Results: A recently created meso-eutrophic Putrajaya lake had the highest number of rotifer species (11
families and 28 species), followed by the hypereutrophic Sembrong lake (10 families and 24 species). Inthe
acidic-mesotrophic lake, only 17 species of rotifers from nine families were found. In this acidic water-body,
Ptygura libera was the most dominant species contributing to 76.1% of the total rotifer abundance. In
Putrajaya lake, Keratella cochlearis contributed to 38.0% of rotifer populations followed by P. libera with
33.0%. Brachionus forficula and Brachionus calyciflorus were dominant in Sembrong lake which made up
of 41.2% of total rotifer species. Putrajaya lake had highest density of rotifers with a total mean density of
239.4 + 30.3 ind. I" compared in
Sembrong lake (158.7 % 16.6 ind. I)
and Subang lake (58.9 + 18.5 ind. I'). [
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Introduction

Rotifera is one of the most important freshwater
zooplankton groups, in addition to Cladocera and Copepoda.
Species composition and abundance of rotifers can be influenced
by a number of physical, chemical and biological factors such as
temperature, dissolved oxygen, turbidity, pH, nutrient availability,
quantity and quality of food, predation and competition in their
habitats (Ismail and Zaidin, 2015; Panwar and Malik, 2016; Wang
et al., 2016; Sharip and Yusoff, 2017). Rotifer's major food items,
such as algae and bacteria which are generally abundant in
nutrient-rich environments (Yoshida et al., 2003), also determine
their community characteristics. Linking the microbes to the
higher levels, rotifers play a vital role in the energy flow and
nutrient cycling in aquatic ecosystems, especially when the
abundance of large zooplankton such as crustaceans is low
(Sanders et al., 1989). Rotifers can act as predators, capable of
regulating the populations of phytoplankton, protozoans and
bacteria, and serve as food source for fish communities (Arndt,
1993; Offem et al., 2011). They are responsible for the carbon
transfer between the microbial food web consisting of bacteria,
heterotrophic and mixotrophic flagellates and ciliates, and the
classical food chain which include algae, crustacean zooplankton
and fish (Alcaraz and Calbet, 2007). For that reason, any
perturbation that would change the rotifer community structure
would disrupt the aquatic food chain. In addition, rotifers have
short life cycles and rapid reproduction rate, mainly through
parthenogenesis, which enables them to respond rapidly to
environmental changes (Ferdous and Muktadir, 2009).
Therefore, rotifer community structure which varies from lake to
lake can be used to indicate the real-time environmental health
status.

Aquatic ecosystem health is highly correlated with the
nutrient contents, pollutant concentrations, water quality status
and biotic community structure. Elevated nutrient inputs into the
water bodies lead to eutrophication resulting in harmful algal
blooms and deterioration of lake water quality, whichwould in turn
affect the zooplankton composition and abundance (Bhat et al.,
2015). Rotifer species composition and abundance are
suggested to be strongly associated with the ecosystem health
status, and individual species may reflect the level of
eutrophication (Rogozin, 2000). Eutrophication can cause
changes in the species composition and increased abundance of
tolerant rotifer species (Spoljar et al., 2011). Increasing rotifer
abundance in eutrophic conditions could probably due to
enhanced bacterial production due to high decomposition rate of
accumulated dead phytoplankton biomass (Karabin, 1985).
Some rotifers and small cladoceran species might be competing
for the same resources but at the same time, the big cladocerans
could prey on rotifers (Brandl, 2005). Rotifers are abundant when
small cladocerans (<1.2 mm) such as Ceriodaphnia and Bosmina
are present, but typically rare when large cladocerans (>1.2 mm)
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such Daphnia coexist in the same place (Maclsaac and Gilbert,
1989). However, removal of cladocerans by planktivorous fish,
which are usually abundant in eutrophic condition, could also be
one of the reasons for the rotifer high rate of survival in eutrophic
lakes (Gilbert and Stemberger, 1985). The health status of the
lake ecosystem is important in determining the composition of
rotifer and species abundance. Therefore, this study aimed to
evaluate the rotifer species composition and abundance in three
lakes with different trophic status and water quality characteristics
in order to identify the relationship between the biological
components and environmental factors.

Materials and Methods

Study sites : This study was carried out at three lakes in Malaysia
which were Subang, Putrajaya and Sembrong lakes (Fig. 1).
Subang lake was located at the Western part of Peninsular
Malaysia in a forested area surrounded by newly-developed
residential areas. Subang lake was built in early 1950s. It was a
small low-land. reservoir with a surface area of 66.4 ha and a
capacity of 3.5 million m’. The mean depth of the lake was 9.1 m
with the catchment area of 10.2 km’.

Putrajaya lake is located at the Federal Government
Administrative Center of Malaysia. This lake was created in 1997
when dams were laid across the Chuau and Bisa rivers. The water
surface area of the lake was approximately 400 ha, bordered with
200 ha constructed wetlands in the upstream, and stored a total
volume of 24 million m’. The depth of the lake ranged from 3-13m
with a mean of 6.6 m. Its catchment area (50.9 km’) was a part of
the bigger Langat river basin within the state of Selangor (Asma'
etal.,2014).

Sembrong lake was located at the Southern part of
Malaysia in the district of Ayer Hitam, Johor that was constructed
in 1981 and completed in 1984. This lake area was about 8.5 km’
with the catchment area of 130 km’, and water capacity of 18
million m’. The major tributaries flowing into this lake were from
Sembrong and Marpo rivers. The main purpose of this lake was
originally for the flood control, but later it was also used for water
supply. It is a shallow lake with a mean depth of 5.1 m and a
maximum depth of 7.2 m. Sembrong lake was eutrophic due to
agriculture and animal husbandry activities in the surrounding
areas of the lake. For this study, three stations were established in
each lake.

Samples collection and analytical method : Bimonthly
samplings were carried out from April 2015 to February 2016. At
each sampling station, environmental parameters including
temperature, dissolved oxygen (DO), conductivity, total dissolved
solid (TDS), turbidity and pH were recorded in situ at 1 m depth
intervals using YSI multi-parameter. Water transparency and
depth were measured using a Secchi disc and a depth meter,
respectively. Van Dorn water sampler was used to collect water
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Fig.1 : Map showing sampling locations in (a) Subang, (b) Putrajaya and (c)Sembrong lakes. Note the macrophyte infected section of Sembrong

lake on the north-eastern part

samples from three different strata to represent surface, middle
and bottom layers of each lake for chlorophyll a determination and
nutrient analyses. Samples were transferred into acid-washed
polyethylene bottles and kept in ice box during the transportation
back to the laboratory. Unfiltered water samples were used for

total nitrogen (TN) and total phosphorus (TP) analyses, while
filtered water samples through 0.45 um membrane filter were
used for total ammonium nitrogen (TAN), soluble reactive
phosphorus (SRP) and nitrate and nitrite (NO,-N+NO,-N)
measurements. For chlorophyll a determination, acidification was
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performed to avoid the effect of pheophytin (Lorenzen, 1967).
Total nitrogen and NO,-N+NO,-N concentrations were
determined following the method of Kitamura et al. (1982). Total
phosphorus was determined following the method of Jeffries et al.
(1979) and Parsons et al. (1984). Soluble reactive phosphorus
and TAN were analyzed according to Parsons et al. (1984). Both
nutrients and chlorophyll a analyses involved spectrophotometric
measurements using a double beam UV-1601 UV visible
spectrophotometer (Shimadzu, Japan).

Concurrent with the water sampling, duplicate
zooplankton samples were collected vertically at each station
with a 60-um mesh net using vertical hauls from about 30 cm from
the bottom to the surface. Samples were transferred into 50 ml of
screw cap bottle and preserved using 5% buffered formalin (final
concentration) for zooplankton identification and enumeration in
the laboratory. A sample of 1-5 ml (depending on the rotifer
density) was placed in Sedgewick-Rafter counting chamber and
left to settle for half an hour prior to the transfer to the microscope
stage. Random non-overlapping fields were examined until at
least 150 individuals of the dominant species were counted and
reported as number of individuals | (Lee and McAlice, 1979).
Identification of zooplankton was conducted to species level
based on descriptions, taxonomic key and illustration by Pontin
(1978), Shiel (1995), Segers (2008), Sa-Ardrit et al. (2013) and
Phanetal.(2015).

Data analyses : All environmental variables were assessed for
normality by the Shapiro-Wilk test prior to statistical analyses.
Since most of the data was non-normally distributed, significant
differences among environmental variables were determined
using Kruskal-Wallis multiple comparison test (differences were
considered significant at p<0.05). Non-parametric Spearman's
rank order correlation analyses were conducted on  the
environmental parameters and rotifer community to determine if
there was any significant relationship amongst them. All the
statistical analysis was performed using SPSS v. 22 (IBM SPSS
Statistical, Chicago, USA). Rotifer abundance data were log (x +
1) transformed to balance the contribution to overall abundances
and to reduce the weighing of abundant species and increase that
of rarer species (Clarke and Warwick, 2001). Rotifer
assemblages were examined for their taxonomic diversity and
evenness using Shannon- Wiener diversity index (H') and
Pielou's evenness index (J'). Bray-Curtis similarity was used to
construct a similarity matrix which made-up the basis for a 2-D
ordination plot using non-metric multidimensional scaling
(NMDS). These analyses were accomplished using PRIMER
software package version 6.1.9. XLSTAT software package was
used for canonical correspondence analysis (CCA) to show
simultaneous representation of sampling lakes, environmental
parameters and rotifer assemblages. CCA-derived variation
partitioning technique was used to quantify the variation
explained by spatial (lake) and environmental subsets of
explanatory variables, at the same time to ascertain relationships
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between the species data and the explanatory variables (Ter
Braak and Verdonschot, 1995).

Results and Discussion

Species composition, abundance and diversity : A total of 32
rotifers species were recorded throughout the sampling period in
all lakes studied (Table 1). The highest number of rotifer species
was recorded in Putrajaya lake with 28 species from 11 families.
While in Sembrong lake, 24 species from 10 families of rotifers
were found. Rotifer species identified in the lakes studied were
consistent with those found in freshwater localities in Malaysia
(Meor Hussain et al., 2002; Shah et al., 2012; Ismail and Adnan,
2016). Based on nutrient concentrations, chlorophyll a and water
transparency, Putrajaya and Sembrong lakes were categorized
as meso-eutrophic and hypereutrophic lakes, respectively.
Sembrong lake showed significantly lower (p<0.05) water
transparency and significantly higher (p<0.05) total dissolved
solid, turbidity, TP, TN and chlorophyll a that reflected the
eutrophic conditions of this lake compared to the other lakes (Fig.
2). The highly eutrophic condition in Sembrong lake was mainly
due to agricultural activities around the lake which increased
accumulation of nutrients via surface runoff, and consequently
boosted the phytoplankton growth (Mohd Asharuddin et al.,
2016). In this study, Brachionidae was the major rotifer family with
14 species including Brachionus and Keratella, as the most
common ones in Putrajaya and Sembrong lakes (Table 1).
Sladecek (1983) and Claps et al. (2011) also reported that higher
rotifer species richnes in eutrophic lake was mainly contributed by
Brachionidae family. Therefore, the dominance of this genus was
expected in both Sembrong and Putrajaya lakes because most
Brachionus and Keratella species were reported to be associated
with eutrophic conditions (Offem et al., 2011; Mulani et al., 2009).

The relatively high number of rotifer species encountered
in Putrajaya and Sembrong lakes could be attributed to the
availability of microbial food abundance, associated with the
nutrient-enriched condition of these lakes. Generally, high
biomass of decomposed phytoplankton in eutrophic waters
results in elevated concentrations of detritus and bacteria which
form important food sources for rotifers (Gulati, 1990). Therefore,
in a more eutrophic lake, the number of rotifer species could be
higher. Lin et al. (2013) reported that there were 61 species of
rotifers in a eutrophic lake in China. In addition, Paidere et al.
(2012) also reported that species richness was higher in more
productive lakes compared to oligotrophic or mesotrophic lakes.
In contrast, in a turbid lake (66 NTU) in Nigeria, Offem et al. (2011)
found only nine rotifer species, probably due to lack of suitable
food particles in a highly silty water-body. Thus, the number of
rotifer species could be dependent of a number of interacting
environmental factors, especially the food availability.

Among lakes, the highest (p<0.05) rotifer density was
observed in Putrajaya lake with a total mean density of 239.4 +
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Table 1: Mean densities (ind. I") and percentages (%) of rotifer species in Sembrong, Putrajaya and Subang lakes

Rotifer species No. of Sembrong lake % Putrajaya lake % Subanglake %
species Mean density Mean density Mean density

Asplanchanidae 1

Asplanchna priodonta 05%0.5 0.3 0.0£0.0 0.0

Brachionidae 14

Anuraeopsisfissa 21+09 1.3 3.9+16 1.6 1.3+£0.1 2.2

Brachionus angularis 0.2+0.2 0.1 50+1.2 2.1 25+0.0 0.0

Brachionus calyciflorus 284165 18.0 - - - -

Brachionus sp. 0.6+0.4 04 3.0+1.6 1.3

Brachionus donneri - - 0.9+0.8 04

Brachionus falcatus 1.0+£04 0.7 0.3+0.2 0.1 - -

Brachionus forficula 36.9+8.0 23.3 55+1.9 2.3 0.1+0.0 0.2

Brachionus sp. - - 0.1£0.1 0.0 - -

Brachionus quadridentatus - 1.0£0.5 04 0.0£0.0 0.0

Brachionus sericus - - - - 0.0+£0.0 0.1

Keratella cochlearis 06+0.5 0.3 91.1+84 38.0 02101 0.3

Keratella sp. 0.0+£0.0 0.0 0.8+£0.5 0.3 - -

Keratella tropica 17.8+4.8 1.2 0.:6+0.5 0.3 0.3+£0.2 0.6

Lepadella sp. - - - - 0.0£0.0 0.0

Filinidae 4

Filinia camasecla 0.1+0.0 0.1 1.2+0.6 0.5

Filinia longiseta 0.5+0.5 0.3 - - - -

Filinia opoliensis 3.8+04 24 0.0+0.0 0.0 0.0+0.0 0.0

Filinia terminalis 49+15 3.1 0.0+0.0 0.0 -

Flosculariidae 1

Ptyguralibera - 79.2+28.8 33.0 448+10.4 76.1

Gastropodidae 2

Ascomorpha ecaudis - 1 8 0.8 89+15 15.2

Gastropus stylifer 0.0£0.0 0.0 + 0.1 - -

Hexarthridae 1

Hexathramira 71+£1.0 45 10.1£15 4.2 06+0.2 1.0

Lecanidae 2

Lecane bulla 0101 0.1 0.7+0.6 0.3 0.0+0.0 0.0

Lecane curvicornis 0101 0.1 0.2+0.1 0.1 0.0+0.0 0.0

Mytillinidae 1

Lophocharis sp. 0.1+£0.0 0.0 0.6+0.4 0.3

Synchaetidae 1

Polyarthra vulgaris 79+32 5.0 149475 6.2 2102 3.6

Testudinellidae 2

Pompholyx complanata 23.1+9.7 14.6 9.6+6.5 4.0 0.0+£0.0 0.0

Pompholyx sulcata 0.1£0.1 0.1 0.1£0.1 0.0 - -

Trichocercidae 3

Trichocerca sp. - - 28+1.8 1.2

Trichocerca elongata 0.2+0.2 0.1 0.9+04 04

Trichocerca similis 226+6.2 14.2 48+0.9 2.0 0.10.0 0.1

30.3ind. I" and ranged from 154.1 £ 7.6 ind. I" in April to 357.1 +
22.2ind. I in October 2015 (Fig. 3). Previous works showed that
high density of rotifer was observed in eutrophic lakes (Claps et
al. 2011; Perbiche-Neves et al., 2013). Therefore, Sembrong lake
was expected to have high rotifer density as it had higher nutrient
concentrations which could favor the production of phytoplankton
as food resource for rotifer. However, in this study, rotifer mean
density (158.7 + 16.6 ind. I") in the eutrophic Sembrong lake was

significantly lower (p<0.05) than that in Putrajaya lake (239.4 +
30.3ind. I") (Fig. 3). Lower rotifer density in Sembrong lake might
be due to reduced efficiency of energy transfer between
phytoplankton and zooplankton (Pederson et al., 1976).
Filamentous blue-green algae which formed more than 99% of
the Sembrong lake phytoplankton community could possibly clog
filter-feeding apparatus of zooplankton (Sampaio et al., 2002),
including rotifers.
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Eutrophic lakes are normally dominated by noxious blue-
green algal species which are mostly inedible food items for
zooplankton (Ger et al., 2016). In fact, some blue-green algae
produce toxins which could negatively affect zooplankton
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populations and other planktivores (Ferrao-Filho and Kozlowsky-
Suzuki, 2011). In addition to the toxic and inedible blue-green
algae, lower rotifer density in Sembrong lake compared to
Putrajaya lake could be due to low dissolved oxygen
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Fig. 2 : Variations of mean environmental parameters measured in different lakes in different sampling months. S = Sembrong lake; P =

Putrajaya lake and Sb = Subang lake

% Journal of Environmental Biology, Special issue, September 2018 %



Rotifer community structure in Tropical lakes

0.25 %.=0.13
= 020 X,=0.03
E
3 015
2
o
3 0.10
=
3 0.05

Aprit5  June15 Aug15 Oct15 Dec15 Feb16

Sampling months

—=—Sembrong lake —#— Putrajaya lake —&— Subang lake

3.60 %, =225
X =118

S 1.80

Aprit5  June15 Aug15 Oct15 Dec15 Feb16

Sampling months

—=— Sembrong lake ——Putrajaya lake —=— Subang lake

— 045
‘> 040
= 0.35 -
2 0.30
0.25
0.20
0.15
0.10
0.05
0.00

X, = 0.08
X, = 0.04

en (m

itro

Total ammonium n

Aprilt5  June15 Augl5 Octl5 Decl5 Feb16
Sampling months

—=— Sembrong lake —s—Putrajayalake =~ —=—Subang lake

 0.16

801

X, = 0.04

0.14
0.12
0.10
0.08
0.06
0.04
0.02

Soluble reactive phosphorus (mg

00
Aprit5  June15 Aug15 Oct15 Dec15 Feb16
Sampling months
—=—Sembrong lake

—s—Putrajaya lake —=—Subang lake

140 =004
120 X,=0.32

1.00

0.80

0.60

0.40

0.20

S e
Apri1t5  June15 Aug15 Oct15 Dec15 Feb16

Sampling months

Nitrate + nitrite (mg I")

—=—Sembrong lake —e—Putrajaya lake —+— Subang lake

180.00

Xs =97.19
— 150.00 %, =13.60
=120.00
[
= 90.0
S
5 60.00
S
30.00
‘:‘:ﬁig_\:ﬁ’—".
0.00

Aprilt5  June15 Aug15 Oct15 Dec15 Feb16
Sampling months

—s—Sembrong lake —— Putrajaya lake —~—Subang lake

Fig. 2 (cont.) : Variations of mean environmental parameters measured in different lakes in different sampling months. S = Sembrong lake; P = Putrajaya

lake and Sb = Subang lake

concentrations in the former (Fig. 2). Auel and Verheye (2007)
reported that hypoxia could cause negative physiological impacts
on rotifer species and reduce their populations. In addition,
predation by small planktivores such as predatory cyclopoids
could also be another reason for lower rotifer density in Sembrong
lake. In the same time, crustacean zooplankton community in this
lake was dominated by a filter feeder, Ceriodaphnia cornuta.
However, the rotifer density (158.7 + 16.6 ind. I") recorded in
eutrophic Sembrong lake was higher compared to that reported

by Ismail and Adnan (2016) who found only 70.0ind. I and Meor
Hussain et al. (2002) who noted 66.0 ind. I" in other eutrophic
lakes in Malaysia.

The slightly acidic Subang lake exhibited the lowest
(p<0.05) rotifer density with the mean density of 58.9 + 18.5ind. "
amongst the three lakes examined. In this lake, the highest
density was observed in June 2015 (144.9 + 26.7 ind. I') and the
lowest was in February 2016 (26.3 +19.3 ind. I") (Fig. 3). Subang
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Fig. 3 : Monthly variation of rotifer densities in Sembrong, Putrajaya and
Subang lakes. S = Sembrong lake; P = Putrajaya lake; Sb = Subang lake

lake showed significantly lower (p<0.05) pH compared to other
lakes. Lower pH values could be one of the reasons for the lower
rotifer density in this. Derry and Arnott (2007) reported that
zooplankton is pH-sensitive and disappears due to acidification.
Water with low pH encourages the solubility of heavy metals such
as aluminum, lead and copper which are readily released into the
water. High concentration of aluminum could limit the growth and
reproduction of aquatic organisms (Locke, 1991). In addition,
heavy metals ingested by zooplankton could lead to physiological
damage (Knops et al., 2001), and could hamper the rotifer growth
and reproduction. Besides, low pH considerably reduces growth
of phytoplankton populations which serve as the food for the
herbivorous zooplankton (Berge et al., 2010).

In this study, rotifer assemblage of Sembrong lake was
dominated by Brachionus forficula (23.3%), B. calyciflorus (18.0
%) and Trichocerca similis (14.2%) of all the samples (Table 1).
Brachionus calyciflorus and B. forficula showed high densities in
June 2015 (41.8%) and August 2015 (42.5%), respectively (Fig.
4a). This finding was supported by Tasevska et al. (2012) who
found that Brachionus, especially B. calyciflorus was the most
abundant species in eutrophic lake. Pal et al. (2015) noted that B.
calyciflorus was tolerant to high level of organic pollution. In
Sembrong lake, T similis also contributed to a significant
percentage of the total rotifer density with high abundance
recorded in April 2015 (44.6%). This finding was similar to
Sladecek (1983) who also noted that Brachionus and Trichocerca
were abundant in eutrophic lakes in the temperate region.
Brachionus species appeared to be well adapted in lakes with
high trophic status because they are feeders of bacteria, detritus
and particulate organic matter which are highly available in
eutrophic environment (Bérzins and Pejler, 1989; Paidere et al.,
2012). Even though high trophic conditions are associated with
high abundance of blue-green algae, Brachionus is reported to
have high tolerance to cyanobacterial toxins (Karabin et al., 1997)
and have ability to utilize colonial blue-green algae as food and
exhibit a great tolerance to their blooms (Fulton et al., 1987).
Brachionus's tolerance to these adverse factors explains why itis
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one of the genera which could thrive in high densities in eutrophic
Sembrong lake.

In Putrajaya lake, the major species was Keratella
cochlearis which contributed to 38.0% of rotifer populations
followed by P. libera with 33.0% (Table 1). In this lake, occasional
dominance peaks were observed, with K. cochlearis dominating
in April 2015 (65.0%) and December 2015 (59.2%), while P, libera
was dominant in October 2015 (59.0%) and February 2016
(61.8%) (Fig. 4b). These two species contributed most to the total
rotifer abundance, especially in June 2015, October 2015 and
February 2016 in which their abundance exceeded 90.0%. Frutos
etal. (2009) reported similar trend for Keratella sp. in mesotrophic
lakes. In addition, K. cochlearis was also reported in high
proportion in eutrophic lakes ("Spoljar et al., 2011, Ejsmont-
Karabin, 2012). Some rotifer species are regarded as indicators
of lake trophic status including most of the taxa from the genera
Brachionus, Keratella, Filinia, Pompholyx and Trichocerca
(Karabin, 1985). Among them, the dominance of two genera,
Brachionus and Keratella has been regularly reported in lake with
increasing trophic status (Frutos et al., 2009; Mulani et al., 2009;
Hsieh et al., 2011). Therefore, the present study indicated the
prevalence of Keratella, Brachionus and Trichocerca species in
enriched mesoeutrophic and eutrophic Putrajaya and Sembrong
lakes, respectively. This study showed that rotifer's preferences
for different habitats are also attributed to food types available.

Subang lake showed a clear domination of P libera
contributing to 76.1% of the total rotifers (Table 1). Ptygura libera
was dominant in almost all sampling months, especially in April
2015 forming 93.6% of the total rotifers (Fig. 4c). The dominance
of P, libera could be attributed to the fact that this speciesis a 'r'
strategist which has wide tolerance to variety of environmental
variables (Neves et al., 2003). It was observed that the
emergence of A. ecaudis started in June 2015 and this species
completely replaced P, libera in February 2016 which exceeded
80.2% of the total rotifer density.

Even though the number of species was less in
Sembrong lake, its rotifer diversity was highest (H'=1.9 £ 0.0, p<
0.05) compared to other lakes, most probably due to higher
evenness (J' = 0.7 £ 0.0) of rotifer species distribution in the
former (Table 2). This observation is consistent with that Frutos et
al. (2009) who obtained high diversity (H'= 1.9) in a eutrophic lake.
Similarly, Demetraki-Paleolog and Sender (2013) also reported
higher rotifer diversity (H' = 1.7) in eutrophic lake. In addition, high
diversity of rotifer species in Sembrong lake could also be related
to dense macrophytes coverage as epiphytic algae which were
abundant on submerged macrophytes are a preferred food
source for rotifers (van Donk and van de Bund, 2002). On the
other hand, the lowest diversity in Subang lake (H'=0.8 £ 0.1, p<
0.05) was probably due to the lower evenness (J' = 0.3 £ 0.0)
value that coincided with the domination of P. libera from April
2015 - December 2015. This study demonstrated that the
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Table 2 : Mean species diversity and evenness of rotifers in Sembrong, Putrajaya and Subang lakes

Indices Sembrong lake Putrajaya lake Subang lake
Diversity (H') 1.9+0.1 15+0.1 0.8+0.1
Evenness (J') 0.7+0.0 0.5+0.0 0.3+£0.1

Table 3 : Correlation (r) matrices for environmental parameters and rotifers in Sembrong, Putrajaya and Subang lakes

Parameters Rotifer diversity Rotifer density Brachionus sp. Keratellacochlearis Ptyguralibera
Temperature 0.05 0.35* 0.19 0.51* 0.19
DO -0.08 0.28* 0.02 0.47* 0.24
Conductivity 0.71* 0.52* 0.90* 0.46™ -0.45*
pH 0.52* 0.48* 0.69* 0.39* -0.35*
TDS 0.66™ 0.51* 0.87* 0.46* -0.47*
Turbidity 0.67* 0.50* 0.83* 0.44* 047
Transparency -0.47%* -0.15 -0.62** 0.08 0.46**
TP 0.44* 0.26 0.59* 0.12 -0.49*
SRP -0.04 -0.38"* -0.09 -0.38** 0.27
N 0.36™ 0.19 0.66™ -0.06 -0.26
NO,-N+NO,-N -0.47* 0.11 -0.49* 0.32* 0.49*
TAN -0.19 0.21 -0.30* -0.41* -0.01
Chlorophylla 0.56™ 0.14 0.56* -0.21 -0.64*

* Significant correlation (p<0.05), ** Significant correlation (p< 0.01)

magnitude of the biodiversity values was sensitive both to the
degree of dominance and the number of species present in each
lake (McGowan and Miller, 1980). The dendrogram from the
cluster analysis of rotifer diversity throughout the sampling period
based on Bray Curtis similarity showed two distinct clusters at 58
% similarities (Fig. 5).

Relationship between rotifer community and environmental
parameters : Rotifer species are commonly found in most types
of freshwaters and their distribution is closely related to the water
quality and trophic level of the water bodies. Based on the CCA
ordination and plot, rotifer species showed different  responses
to different environmental variables (Fig. 6). The environmental
variables explained 71.4% of the total variance of the species
distribution. Axis 1, which accounted for a total variance of 52.8%
was positively correlated with chlorophyll a,- TDS, conductivity,
turbidity and total phosphorus. This ‘axis was negatively
correlated with water transparency. Rotifer species such as B.
calyciflorus, B. forficulaand T. similis were all positively influenced
by the Axis 1 in which their abundance was high in Sembrong
lake. Keratella cochlearis, P. vulgaris and B. angularis were
positively associated with slightly high temperature and dissolved
oxygen in Axis 2, and were found in abundance in Putrajaya lake.
However, this axis showed negative association with P, libera and
A. ecaudis which were found to be dominant in Subang lake.
These results suggested that differences in species distribution
were probably due to the variation of environmental
characteristics in each lake. This contention was supported by the
positive correlation of K. cochlearis with temperature (r=0.5, p <

0.01) and dissolved oxygen (r= 0.5, p < 0.01) (Table 3). Similarly,
Veerendra et al. (2012) also found that rotifer abundance was
positively correlated with temperature. High abundance of
Brachionus sp. and K. cochlearis shared similarity in which they
were highly correlated with turbidity, TDS and conductivity in both
Sembrong and Putrajaya lakes (Table 3). In addition, other
parameters that were associated with the high Brachionus sp.
abundance in Sembrong lake was chlorophylla (r=0.6, p<0.01).
This finding was similar to that of Park and Marshall (2000) who
reported that high abundance of rotifers has a positive correlation
with chlorophyll a concentration. Meanwhile, P libera was
inversely correlated with all parameters which influenced the
abundance of rotifer species in Sembrong and Putrajaya lakes. In
general, P. libera showed high correlation with water
transparency (r = 0.5, p<0.01). However, high abundance of
Brachionus spp. was negatively correlated with transparency (r =
- 0.6, p<0.01). High primary productivity, as shown by high
chlorophyll a concentration, resulted in low water transparency
causing light limitation for phytoplankton production in Sembrong
lake.

Dominance of blue-green algae (>99% of the total
phytoplankton) in this lake was probably due to their ability to
regulate their buoyancy and this mechanism provided them with
the competitive advantage to overcome light limitation. Decrease
of beneficial microalgal species and increase of inedible blue-
green algae could reduce the abundance of zooplankton (Imam
and Balarabe, 2012). These suggest that environmental
conditions should be taken into consideration for assessing rotifer
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community structure because any changes in the physical and
chemical parameters influence their distribution and composition.

This study illustrated that rotifer composition and
abundance were correlated with the environmental conditions of
each lake. The abundance of Brachionus, Keratella and
Trichocerca were related to the eutrophic condition associated
with high turbidity, TDS, chlorophyll a and nutrient concentration.
Ptygura libera seemed to be associated with mesotrophic waters
with relatively low pH (4-5). This study illustrate that the
dominance of rotifer species was related to the environmental
conditions of the lake.
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