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Abstract This study assessed the water quality of Men-

gkuang Reservoir, Penang, Malaysia, by its trophic status

according to a Carlson Modified Trophic Index (CMTSI)

and by its biological parameters using Shannon–Wiener

diversity index (H0) and saprobic index. The study con-

ducted from August 2005 to July 2006 showed that mean

values of CMTSI (nutrients), CMTSI (chlorophyll a) and

CMTSI (Secchi depth) were 27.18 ± 8.73, 40.63 ± 7.12

and 41.74 ± 6.38, respectively. The mean values of

CMTSI indicated that the reservoir was oligotrophic. Mean

value of H0 was 2.15 bits/individual, showing that the water
quality based on H0 value was in class III (slightly pol-

luted). Saprobic index value (2.24) also revealed that the

reservoir was moderately polluted (class II). The occur-

rence of Anabaena, Microcystis, Oscillatoria, Nostoc, Di-

nobryon, Chroococcus, Staurastrum paradoxum and

Mallomonas which are indicators of toxic and polluted

waters was also recorded. This study therefore showed the

importance of phytoplankton composition and community

structure as a reliable and important tool to assess the

degree of pollution in Mengkuang Reservoir. Long-term

assessments of biological and chemical parameters in the

reservoir are necessary, and phytoplankton community

structure as bioindicator provides unique information about

the ecosystem. This information is potentially useful as an

early warning sign of deteriorating condition and thus gives

insight into the overall ecology of lakes and will assist in

the future conservation and management of this lentic

ecosystem.

Keywords Trophic status � Shannon–Wiener diversity

index � Saprobic index � Mengkuang Reservoir � Malaysia

Introduction

Economic development in Malaysia has increased in the

recent 20 years. This development has been accompanied

with more land use, increase in population urbanization,

industrialization and the expansion of irrigated agriculture.

The quantity and quality of water supply are affected by

these factors and polluted by them (Ho 1994). Knowledge

of the current status of water conditions and determination

of its mechanism are prerequisites to devising a sound

solution to the problem (Le et al. 2010). The increasing of

population increases the demand for water, while fresh-

water resources are limited. Multiple reservoir uses and

human activities at the watershed change the nutrient

inputs that induce modifications of the reservoir’s trophic

status, biotic assemblages and chemical–physical condi-

tions (Molisani et al. 2010). Therefore, it is important to

protect the existing freshwater resources.

There are only two natural lakes in Malaysia, namely

Tasik Chini and Tasik Bera (Ali and Lee 1995). Man-made

lakes or reservoir dominates the Malaysian lentic envi-

ronment. In Malaysia, there are 63 large impoundments

with a total storage of 25 billion m3, ranging in size from

10 ha (Mahang dam) to 37,000 ha (Kenyir dam). The roles
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of these dams are hydro-electric power generation, irriga-

tion, drinking water supply, fisheries and recreational and

tourist promotion (Ho 1994). Appropriate management and

monitoring of drinking water supply is crucial. Monitoring

of physico-chemical parameters is a routine water quality

assessment in drinking water supply in Malaysia (Azrina

et al. 2006). Chemical analysis has some inadequacy such

as time, cost and technical limitations (Wu et al. 2005).

Meanwhile, biological studies are able to provide contin-

uous temporal and spatial information in water ecosystem

without aforementioned limitations (Swaminathan 2003).

In Malaysia, biological monitoring in water supplies nor-

mally involved total coliform count for detection of fecal

pollution, while bloom of phytoplankton (eutrophication) is

important as well as fecal pollution in the reservoirs. High

phytoplankton density poses problems in drinking water

treatment processes and recreational activities. Therefore,

biomonitoring based on algal studies is necessary to pro-

vide sufficient information in water quality deterioration in

reservoirs (Yap 1997; Swaminathan 2003). The advantages

of employing algae in biomonitoring of aquatic environ-

ment are based on the fact that these organisms reflect the

concentration of physico-chemical parameters in the water

ecosystems (Zbikowski et al. 2007). Algal communities

quickly reflected environmental stressors because of their

short life cycles (McCormic and Cairns 1994). Therefore,

changes in the algal community can reflect the occurrence

of pollutants or other environmental stressors (Johnstone

et al. 2006), especially nutrients, which cause dramatic

increase in algae. This event led to low oxygen concen-

tration that affects other organisms in aquatic food chain

(Camargo and Alonso 2006).

Studies on water ecosystems in Malaysia have pro-

gressed in the last 30 years (Yeng 2006) through many

organizations which include local universities, government

departments, research centers and non-governmental

organizations (Ho 1994). Stobutzki et al. (2006) reported

that water quality deterioration and habitat modification in

Malaysia reduced the fish production to 4–20 % of the

original yields. Meor Hussain et al. (2002) studied water

quality parameters and distribution of zooplankton in

Chenderoh Reservoir which was built for power genera-

tion. They found that the reservoir, especially in embay-

ment area, was at risk of eutrophication event, because

some of the chemical and biological factors (chlorophyll,

primary productivity and nutrients) were increased com-

pared to earlier studies in the area.

However, a few studies have been conducted on water

quality in relation to distribution and species composition

of algae (Yap 1997; Wan Maznah and Mansor 2002). In

many European developed countries, the algological stud-

ies and the use of this branch of science in water supply

have increased (Stevenson and Smol 2003). In fact, the

growth of this science in waterworks practice shows the

importance of algal metabolism and algal events in relation

to physico-chemical parameters and water quality (Cam-

argo and Alonso 2006). Hence, Malaysia as a developing

country needs a comprehensive and continuous biological

monitoring of water supplies to predict and prevent the

occurrences of water pollution and eutrophication event

(Ho 1994), especially in drinking water supply. Therefore,

due to the importance of Mengkuang Reservoir as a supply

of drinking water in Penang State and lack of biological

study in this area, this reservoir was chosen to be studied.

This paper provides the first comprehensive evaluation

and scaling of the levels of the phytoplankton and physical

and chemical parameters in this reservoir using various

classification criteria. The research was undertaken from

August 2005 to July 2006, to provide detailed information

on the water quality of Mengkuang Reservoir, which was

located in the northeast of Penang Island, Peninsular

Malaysia, with emphasis on temporal trophic conditions in

surface layer. The Shannon–Wiener diversity index (H0)
and saprobic index of phytoplankton were determined to

test its suitability as bioindicator of reservoir ecosystem

health.

Materials and methods

Study site and sample collection

This study was carried out at Mengkuang Reservoir, Pen-

ang, at the northwest of Malaysia (Fig. 1). The reservoir

supplies more than 80 % of drinking water to Penang State.

The catchments and surface area are 3.90 and 1.74 km2,

respectively. The maximum width from west to east is

1.21 km, and the maximum length from north to south is

2.40 km. The maximum level of water was 43.3 m above

sea level. The mean depth during the study period was

17.9 m, and the maximum depth was 21.2 m near the

tower. According to Buraschi et al. (2005), the study area

was relatively deep. Mengkuang Reservoir receives up to

90 % of water input from Kulim River (Fig. 1). There is

also one canal from Muda River which supplies only 10

percent of water to the reservoir. There is also temporal

source of water from Mengkuang River into the reservoir.

Input of water from this river is minor, and it is limited

only during rainy seasons. This area, like other tropical

regions, is characterized by high humidity and temperature,

and abundant rainfall, with two dominant seasons, dry and

rainy seasons. The dry season is from February to August,

while the rainy season occurs from September/October to

January.

In this study, the reservoir was divided into three tran-

sects from north to south with 9 sampling stations (Fig. 1).
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The middle transect was located in the limnetic zone, from

the tower (the place where water withdrawal occurs) to the

end of the reservoir. Two other transects (littoral stations)

were at the west and east of the middle transect. Three

sampling stations established on the middle transect were

A2, B2 and C2 (Fig. 1). Station A2 with maximum depth

21.2 m and mean depth 17.9 m was near to the tower.

Station B2 located at the middle of the reservoir has

maximum and mean depths of 19.0 and 17.9 m, respec-

tively, and it is also far from fishing and other human

activities and thus was served as a reference station for this

study. In the south part, station C2 with the maximum and

Fig. 1 Geographical position of

Mengkuang Reservoir
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mean depths of 16.0 and 12.6 m, respectively, was the last

station of limnetic zone. Stations A1, B1 and C1 were

located in the west zone. Station C1 was situated near a

fishing site, thus representing a station with human activity.

Stations A3, B3 and C3 were located in the east zone and

surrounded by corridor vegetation. The maximum depth at

littoral stations was from 2 to 3.5 m.

Field samplings were carried out monthly from August

2005 to July 2006 for water quality variables and phyto-

plankton collection. The mean values of the variables and

parameters, namely chlorophyll a, total phosphorus, total

nitrogen and Secchi disk depth (SD), were used for the

computation of the Carlson Modified Trophic State Index

(CMTSI) (Sigua et al. 2006; Begliutti et al. 2007; Rob-

ertson et al. 2008: Offem et al. 2011). Chlorophyll a was

measured according to Boyd and Tucker (1992), while

in situ measurement of Secchi disk depth was taken using a

standard Secchi disk (22 cm diameter) (Wetzel 1995).

Unfiltered water samples were used to measure total

phosphorus by the ascorbic acid method (Boyd and Tucker

1992). Total nitrogen (TN) was determined from unfiltered

water samples using the reduction column and diazotiza-

tion method (Boyd and Tucker 1992). Water quality clas-

sification based on CMTSI was adapted from Begliutti

et al. (2007) and Molisani et al. (2010).

Phytoplankton samples were obtained by filtering four

liters of water through phytoplankton net with mesh size of

35 lm. The water was prefixed in 4 % formalin and Lu-

gol’s solution for further examination in the laboratory.

Microalgal enumeration was carried out by sedimentation

method in a counting chamber using inverted microscope

(Edler 1979; Lobban et al. 1998). Phytoplankton was

identified with the help of taxonomic keys, drawings and

descriptions given in Habit and Pankow (1976), Pentecost

(1984), Round et al. (1990), Nygaard (1991), Salleh (1996)

and Wehr and Sheath (2003). The relative numbers and

percentage of each phytoplankton species per unit volume

of water were calculated according to APHA (1998).

Statistical analysis

Importance species indices (ISIs) were calculated for each

taxon by multiplying the percent frequency of the taxon by

its average relative density. This index is preferable com-

paring average density since it reflects both the distribution

and abundance of a taxon in the ecosystem (Rushforth and

Brock 1991).

The concept of bioindicators and the specific saprobic

zone of algal species were used to assess the extent of

organic pollution in the reservoir and expressed in the form

of biotic index. The index of saprobic condition (S) was

calculated according to the index of saprobity suggested by

Pantle and Buck (1955). The Saprobian system employs

the concept of indicator species with the assumption that

the presence of certain species indicates a particular set of

environmental conditions. The concept defines the niche

space of an organism, that is, each organism has a partic-

ular set of environmental prerequisites essential to its sur-

vival. Classification of surface water based on saprobic

index (SI) values was according to Ansbaek and Valatka

(2001).

Species diversity for each site was determined using

Shannon–Wiener Index (H0) (Shannon and Weaver 1963;

Brower et al. 1998). A water quality classification based on

the diversity index of phytoplankton was applied according

to Wilhm and Dorris (1968), Wilhm (1970) and Kitsiou

and Karydis (2000). Based on the range of H0 values

obtained in this study, a five-class classification system was

computed to assess the water quality of the sampling sta-

tions during the study period. Pearson’s correlation was

performed to indicate relationships between physical and

biological parameters.

Prior to analysis, environmental variables were log-

transformed (log10 x) and algal density was log10 (x ?1)-

transformed (Zar 1974; Delong and Brusven 1993; Dixon

and Chiswell 1996). One-way ANOVA was used to detect

statistically significant differences in environmental

parameters and abundance of phytoplankton between

months and sampling stations. The t test (independent-

samples test) was used to test the difference in diatom

community structure between dry and wet seasons. The

principal component analysis (PCA) was used to under-

stand the correlation structure of the collected data and

identify the most important factors such as saprobic index,

phytoplankton community and the environmental parame-

ters contributing to the data structure (Padro et al. 1993).

PCA is also applied to find associations between parame-

ters so that the number of measured parameters can be

reduced. The calculation of PCA in R-mode was carried

out using Multivariate Statistical Package (MVSP), version

3.13d. PCA in Q-mode was carried out using SPSS.

Results and discussion

CMTSI parameters varied during the study period (Fig. 2)

and were significantly different between sampling months

(P\ 0.01). There was no significant difference in the

environmental parameters as well as abundance of phyto-

plankton among the sampling sites (ANOVA, P[ 0.05).

Table 1 shows monthly values of CMTSI at Mengkuang

Reservoir during 2005–2006. Results indicated that the

trophic state of the reservoir was oligotrophic during dry

and wet seasons with lower CMTSI values in rainy season

(Fig. 3). Indices of trophic state showed that all stations

were mesotrophic based on chlorophyll a and Secchi disk
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depth, but were in oligotrophic state based on nutrients

(Table 1). There was no significant difference in trophic

indices between stations (ANOVA, P[ 0.05) and seasons

(t test, P[ 0.05). Trophic state is a function of nutrient and

other parameters levels and assesses lake changes by

simplifying complex environmental variables (Wetzel

1983; Robertson et al. 2008; Sheela et al. 2011; Offem

et al. 2011). Mengkuang Reservoir can be classified as

eutrophic, taking into consideration TN and Secchi disk

transparency (mean TN [60 lg/l and Secchi disk

\2.45 m), and mesotrophic, based on Chl-a and TP

(average Chl-a [4.7 lg/l and TP \84.4 lg/l) (Nürnberg

1996; Phillips et al. 2008; Tian et al. 2011). The mean

value of CMTSI (Chl-a) and SD were close to mesotrophic

condition (CMTSI[ 40), but CMTSI (nutrient) was lower

(CMTSI\ 30), showing the oligotrophic state (Robertson

et al. 2008). However, the overall value of CMTSI repre-

sented oligotrophic state (CMTSI\ 50) of the reservoir,

either in rainy or in dry season. The dry season trophic state

of the tropical lakes is more advanced because of the

dilution factor by rain water (Offem et al. 2011). A rep-

resentative and reliable estimation of the quality of surface

water is crucial due to the spatial and temporal variations in

water chemistry (Bollinger et al. 1999). Several authors

have introduced different criteria for the classification of

freshwater trophic level; most of them are based on
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Fig. 2 Monthly variations in

CMTSI parameters in

Mengkuang Reservoir from

August 2005 to July 2006

Table 1 Trophic state indices (CMTSI) in Mengkuang Reservoir

Months CMTSI (Chl-a) CMTSI (SD) CMTSI (nutrient) CMTSIa Trophic state

August 05 35.62 47.25 33.84 38.90 Oligotrophic

September 05 49.67 44.92 15.47 36.69 Oligotrophic

October 05 31.11 37.40 26.38 31.63 Oligotrophic

November 05 29.50 36.06 23.23 29.60 Oligotrophic

December 05 42.15 29.74 28.90 33.59 Oligotrophic

January 06 48.30 34.01 6.94 29.75 Oligotrophic

February 06 39.25 35.87 27.17 34.09 Oligotrophic

March 06 33.81 41.10 34.25 36.39 Oligotrophic

April 06 50.16 49.08 39.79 46.35 Oligotrophic

May 06 47.47 45.71 31.13 41.44 Oligotrophic

June 06 44.43 47.43 30.26 40.70 Oligotrophic

July 06 41.05 46.78 22.18 36.67 Oligotrophic

Mean (±SD) 41.04 ± 7.27 41.28 ± 6.43 26.62 ± 8.87 36.51 ± 5.01 Oligotrophic

CMTSIa = average of CMTSI (SD), CMTSI (Chl-a), CMTSI (nutrient)
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phosphorus, nitrogen compounds and chlorophyll a con-

centrations (e.g., Vollenwieder 1998; Wetzel 1983; Moli-

sani et al. 2010; Sheela et al. 2011). In January, CMTSI

(Chl-a) was relatively high, while CMTSI (nutrient)

recorded the lowest value. This may be due to consumption

of nutrients resulting from high abundance of phyto-

plankton, and chlorophyll a is a reliable measure of phy-

toplankton biomass (Behrenfeld and Boss 2006). Trophic

state index based on chlorophyll a has been found to be a

reliable means for quantifying trophic state in tropical lakes

(Offem et al. 2011).

The occurrence and relative abundance of certain phy-

toplankton species can be related to water quality and can

be indicators of water pollution (Wan Maznah and Mansor

2002; Unuoha et al. 2011), for example, Anabaena, Mi-

crocystis, Oscillatoria and Nostoc were rare in Mengkuang

Reservoir, but could be considered as potential toxic and

polluted water indicators (Kumari et al. 2008). Dinobryon,

Mallomonas, Anabaena, Chroococcus, Dictyosphaerium

ehrenbergianum and Staurastrum paradoxum (among the

twenty major species in Mengkuang Reservoir, Fig. 4) can

be considered as having the potential of producing unfa-

vorable odors and flavors (Palmer 1980). Dı́az-Pardo et al.

(1998) reported that a phytoplankton community domi-

nated by chlorophyceans replaced by cyanophyceans,

especially Microcystis aeruginosa, showed severe sign of

eutrophication in a subtropical lake in Mexico. Aquatic

pollution can be observed with fairly rapid and fairly

marked reduction in certain species and possibly a prolif-

eration of another species (Wu 1984; El-Sheekh et al.

2010).

Most of the Chlorophyta species that were frequently

observed in Mengkuang Reservoir are commonly classified

as an indicator of oligotrophic environments in literature

(Kalff 2002; Offem et al. 2011); however, high abundance of

Staurastrum apiculatum was recorded in January and July

which coincided with eutrophic state (based on N/P ratio) in

Mengkuang Reservoir. Glenodinium lenticula could be

considered as an indicator of high eutrophic state, because it

was recorded in high abundance in the months with low

values ofN/P ratio (eutrophic). Therefore, the trophic state of

Mengkuang Reservoir based on phytoplankton community

structure differed temporally. The classification of trophic

state based on phytoplankton species should be confirmed by

other evidences or indices such as N/P ratio or other index of

trophic state (Gasiunaite et al. 2005).
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According to ISI, there were 20 major species of phy-

toplankton in Mengkuang Reservoir for the period

2005–2006 (Fig. 4). Staurastrum paradoxum, Staurastrum

apiculatum, Glenodinium lenticula and Lyngbya sp.

showed the highest values of ISI and were the dominant

species during the study period. Diversity (H0) and even-

ness were slightly higher during the rainy season (Sep-

tember to December 2005, Table 2). Statistical analysis

indicated that H0 and evenness values were significantly

different between months (P[ 0.01), but were not spa-

tially significantly different (ANOVA, P[ 0.05). Based on

H0 values, most of the sampling stations were in class III

(slightly polluted) during rainy season and in class IV

(moderately polluted) and class V (polluted) during dry

season (Table 3). Overall water quality of Mengkuang

Reservoir based on H0 was in class III (slightly polluted)

(Table 3). Staurastrum paradoxum, Staurastrum apicula-

tum and Glenodinium lenticula that occurred in high

abundance during dry period could be indicators of pol-

luted waters.

Evenness and H0 decreased in July, due to high abun-

dance of one particular species (Glenodinium lenticula).

Tracanna et al. (2006) reported that population maximum

values are parallel with diversity minimum values, where

population growth is generally due to the excessive pro-

liferation of very few species. Offem et al. (2011) con-

cluded that the presence of species (quality enumeration) is

insufficient for the assessment of water quality, and the

whole community structure is important to characterize the

water condition. The percentage contribution of the dom-

inant species in structuring the community is also impor-

tant to supplement the importance of species composition

in defining the water conditions. Predominance of one

group or one particular species indicates a sign of possible

problem. In January and July 2006, a very high abundance

of certain species (Staurastrum apiculatum and Glenodi-

nium lenticula) indicated that the phytoplankton commu-

nity structure was not balanced biologically. In Mengkuang

Reservoir, high abundance of Pyrrophyta increased the

trophic state and the class of pollution in some stations

based on Shannon–Wiener diversity index (from class III to

IV and V, Table 3). Early detection of such condition can

therefore help in controlling these algae before any serious

problem emerges, and identification of species that have

the tendency to form bloom is useful to predict eutrophi-

cation. Bloom of Pyrrophyta in Malaysian reservoir has

been reported by Tan and Anton (1992) in Pansoon

Reservoir.

Diversity indices of microalgae have been used as an

indicator of the water quality and trophic status of aquatic

environments (Shanthala et al. 2009). In this study, diver-

sity index values showed moderate contamination of the

Table 2 Phytoplankton species diversity (H0), evenness and richness

in Mengkuang Reservoir in 2005–2006

Months Richness Evenness H0 (bits/individual)

August 05 47 0.573 2.40

September 05 59 0.580 2.71

October 05 55 0.624 2.80

November 05 52 0.581 2.59

December 05 49 0.604 2.76

January 06 58 0.254 1.28

February 06 52 0.327 1.75

March 06 48 0.390 1.85

April 06 51 0.597 2.54

May 06 44 0.387 1.77

June 06 36 0.400 1.70

July 06 48 0.213 1.60

Rainy 54.6 ± 3.7 0.529 ± 0.138 2.43 ± 0.58

Dry 46.6 ± 5.4 0.412 ± 0.134 1.94 ± 0.37

Table 3 Water quality classification based on phytoplankton Shannon–Wiener diversity index (H0) values in Mengkuang Reservoir from August

2005 to July 2006

Stations Aug 05 Sept 05 Oct 05 Nov 05 Dec 05 Jan 06 Feb 06 Mar 06 Apr 06 May 06 Jun 06 Jul 06

A1 IV III III III III II V III IV III IV III

A2 III IV III III III IV II III II IV III V

A3 III IV III III III IV III III II III III V

B1 IV III II III III III III III II III IV V

B2 II III III III III IV IV V III IV II IV

B3 II IV III III III III II III III IV III II

C1 III III II III III II I I III III III III

C2 IV III IV III III III IV IV III II II I

C3 II II III III III II IV II II IV IV III

Reservoir III III III III III III III III III III III III

I = excellent; II = good quality; III = slightly polluted; IV = moderately polluted; V = polluted
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reservoir (Salusso and Morana 2002) during the sampling

months (1\H0 \ 3, Table 3). This classification was

made based on the assumptions that the number of species

and diversity decreased in response to anthropogenic stress

(Stewart 1995; Offem et al. 2011), and a pollution stress

would simplify the structure of the community (Rogozin

2000). However, some researchers reported that species

richness and diversity increased under moderate stress

(Wan Maznah and Mansor 2002; Nather Khan ISA 1991;

Hill et al. 2000). Ho and Peng (1997)classified three rivers

in northern Peninsular Malaysia as slightly polluted (class

III) based on H0. They believed that communities with low

species diversity do not necessarily indicative of polluted

waters. Many studies concluded that the relationship

between diversity and environmental quality is complex

(Podani 1992), and the diversity changes can be related to

changes in water quality when the diversities of commu-

nities with similar species pool are compared (Stevenson

1984).

The monthly and spatial values of SI are shown in

Table 4. The mean value of SI was from 2.14 to 2.21

which represents class II (moderately polluted) (Fig. 5).

There was no significant difference in SI between stations

(ANOVA, P[ 0.05) and seasons (t test, P[ 0.05).

However, monthly values of SI were significantly different

(ANOVA, P[ 0.01). To determine the relationship

between saprobic values, environmental parameters and

phytoplankton species, PCA test was used. PCA based on

saprobic values and some of the physical and chemical

parameters (dissolved oxygen, COD, BOD, pH, nitrate,

ammonium, DIN, TN, phosphorus and TP) are presented in

Table 5. Based on the results, the first four components

with initial eigenvalues larger than 1 represented the main

influences (68 % of the total variance) on this test. The first

component was composed of nitrogen components

(ammonium, nitrate, DIN and TN). It explained 19.4 % of

the total variance. The second component accounted for

16.5 % of the variance. This component showed that COD,

DO, pH, TP and TN were related to saprobic index. The

third and forth components had 16.4 and 16.1 % of total

variance, respectively. Figure 6 was drawn using the

abundance of 20 major species of phytoplankton and

saprobic index during the sampling period. It showed that

saprobic index in Mengkuang Reservoir was characterized

by Ankistrodesmus acicularis, Ceratium hirundinella,

Chroococcus sp., Gymnodinium sp., Lyngbya sp., Oscill-

atoria sp., Peridinium trochoideum, Staurastrum arctiscon

and Staurastrum paradoxum.

On the contrary, saprobic condition can be related to

water quality. Saprobic index values provide a refinement

of the general picture obtained by chemical analysis (Wan

Maznah and Mansor 2002; Tracanna et al. 2006), and
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a
b
le

4
M
o
n
th
ly

v
al
u
es

o
f
sa
p
ro
b
ic

in
d
ex

at
d
if
fe
re
n
t
st
at
io
n
s
in

M
en
g
k
u
an
g
R
es
er
v
o
ir
fr
o
m

A
u
g
u
st

2
0
0
5
to

Ju
ly

2
0
0
6

S
ta
ti
o
n
s

A
u
g
0
5

S
ep
t
0
5

O
ct

0
5

N
o
v
0
5

D
ec

0
5

Ja
n
0
6

F
eb

0
6

M
ar

0
6

A
p
r
0
6

M
ay

0
6

Ju
n
0
6

Ju
l
0
6

A
1

2
.4
6

2
.3
2

2
.2
5

2
.0
3

1
.9
8

1
.9
5

1
.9
3

2
.1
0

2
.1
9

2
.1
6

2
.1
9

2
.1
4

A
2

2
.4
3

2
.3
2

2
.2
9

2
.2
2

2
.1
0

1
.8
7

2
.0
3

2
.0
9

2
.0
9

2
.2
7

2
.0
0

2
.1
0

A
3

2
.2
1

2
.4
0

2
.2
3

2
.2
4

2
.0
9

2
.0
6

2
.1
4

2
.0
9

2
.1
7

2
.3
7

2
.0
5

2
.1
5

B
1

2
.5
3

2
.2
5

2
.1
7

2
.2
0

2
.2
3

2
.1
4

2
.0
7

2
.2
2

2
.1
6

2
.3
0

2
.1
5

2
.1
5

B
2

2
.4
2

2
.3
1

2
.3
3

2
.1
1

2
.1
6

2
.0
1

2
.2
1

2
.2
7

2
.1
9

2
.3
4

2
.0
8

2
.1
7

B
3

1
.8
8

2
.2
7

2
.2
2

2
.1
4

2
.2
0

2
.1
5

1
.9
9

2
.2
2

2
.2
3

2
.1
7

2
.1
7

2
.1
0

C
1

2
.3
2

2
.2
9

2
.3
0

2
.1
8

2
.0
4

2
.1
8

2
.0
6

2
.3
0

2
.2
2

2
.2
6

2
.1
5

2
.1
9

C
2

2
.2
1

2
.0
8

2
.2
8

2
.1
8

2
.0
7

2
.0
6

2
.1
5

2
.1
8

2
.1
2

2
.3
3

2
.0
5

2
.2
8

C
3

2
.2
5

2
.2
5

2
.3
8

2
.2
3

2
.1
1

2
.1
0

2
.2
8

2
.1
0

2
.2
2

2
.4
6

1
.9
7

2
.1
4

R
es
er
v
o
ir

2
.3
0
±

0
.2
0

2
.2
8
±

0
.0
9

2
.2
7
±

0
.0
6

2
.1
7
±

0
.0
7

2
.1
1
±

0
.0
8

2
.0
6
±

0
.1
0

2
.1
0
±

0
.1
1

2
.1
8
±

0
.0
8

2
.1
8
±

0
.0
5

2
.3
0
±

0
.0
9

2
.0
9
±

0
.0
8

2
.1
6
±

0
.0
5

2228 Int. J. Environ. Sci. Technol. (2015) 12:2221–2232

123



organic pollution (Kalyoncu et al. 2009). For instance, in

Skadar Lake, the stations that were contaminated with

sewage water showed higher value of saprobic index

(Rakocevis-Nedovic and Hollert 2005). Wan Maznah and

Mansor (2002) and Kalyoncu et al. (2009) reported that the

sampling stations with higher value of saprobic index were

characterized by highly tolerant diatom species which

survive in highly polluted environment. However, Men-

gkuang Reservoir was classified in class IIIß (moderately

polluted) for the whole period of study, but the sampling

months with the minimum and maximum values of

saprobic index (June and September, respectively) showed

different dominant species with different ISI values.

Saprobic index depends on the abundance of indicator

species and is consequently insensitive to rare species

(Danilov and Ekelund 2001). Saprobic condition was

supported by more abundance of Cyanophyta and Pyr-

rophyta and some species of Chlorophyta (with high

saprobic index). Cyanophyta and Pyrrophyta are good

indicators of organic pollution as well as saprobic condi-

tions (Hynes 1966; Palmer 1980; Sorokin 1999).

CMTSI of the reservoir showed stability during the

study period (oligotrophic status). Water quality index

(WQI) based on chemical and physical parameters indi-

cated that the reservoir had a good-to-excellent water

quality throughout the study period (Makhlough et al.

2006). In this study, biological monitoring using phyto-

plankton community attributes showed that the water

condition is mildly polluted. The reservoir is slightly dis-

turbed by human activities, for example, fish-feeding by

visitors contributed more nutrients and disturbed the bal-

ance of phytoplankton community. This is one of the

advantages of using microalgae as biological indicators, as

we can detect trace of pollution not recorded by chemical

analysis. Algae can serve as an indicator of the degree of

deterioration of water quality and are valuable indicators of

short-term impacts (Hill et al. 2000; Li et al. 2011;

Schletterer et al. 2011). Combination of several physical
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Fig. 5 Saprobic index values in Mengkuang Reservoir from August

2005 to July 2006

Table 5 PCA of environmental parameter and saprobic index in

Mengkuang Reservoir in 2005–2006

Parameters Component

1

Component

2

Component

3

Component

4

COD 0.343 0.745

NH4
? 0.881

BOD 0.774

DO -0.429 0.368 0.610

pH -0.869

TP 0.329 0.815

PO4
-3 0.868

NO3
- -0.301 -0.419 -0.314

DIN 0.955

TN 0.493 0.337 0.306

Saprobic

index

0.702

Eigenvalues 2.138 1.815 1.805 1.766

Percentage

of variance

19.4 16.5 16.4 16.1

Cumulative

percentage

19.4 35.9 52.4 68.4

COD = chemical oxygen demand; NH4
?=ammonium; BOD = bio-

chemical oxygen demand; DO = dissolved oxygen; TP = total

phosphorus concentration; PO4
-3 = phosphate concentration;

NO3 = nitrate concentration; DIN = dissolved inorganic nitrogen;

TN = total nitrogen concentration

Fig. 6 PCA plot based on the abundance of major phytoplankton

species and saprobic index in Mengkuang Reservoir in 2005–2006.

1 = Ankistrodesmus acicularis; 2 = Arthrodesmus incus; 3 = Aste-

rionella formosa; 4 = Ceratium hirundinella; 5 = Chroococcus sp.;

6 = Cyclotella meneghiniana; 7 = Dictyosphaerium ehrenbergia-

num; 8 = Dinobryon sertularia; 9 = Glenodinium lenticula;

10 = Gymnodinium sp.; 11 = Lyngbya sp.; 12 = Mallomonas sp.;

13 = Oscillatoria sp.; 14 = Peridinium sp.; 15 = Peridinium troch-

oideum; 16 = Staurastrum apiculatum; 17 = Staurastrum arctiscon;

18 = Staurastrum paradoxum; 19 = Tetraedron arthrodesmiforme;

and 20 = Tribonema minus
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and chemical parameters with biological monitoring is

essential to assess the degree of pollution and to reflect the

lake condition (Noges and Noges 2006). Since different

indices reveal different aspects of a water body, managers

of such a resource would be able to identify the source of

disturbance on a water body. Mengkuang Reservoir is at

the risk of anthropogenic source of pollution. The water

authorities should monitor any possible bloom of pollutant

or toxic species of phytoplankton (Oscillatoria sp. and

Lyngbya sp.), which are already occurred in the lake in

moderate abundance in certain months during the study

period. It is important to shift the environmental monitor-

ing from solely reliance on chemical indicators toward the

increasing use of biological condition (McCormic and

Cairns 1994; Yap 1997; O’Farrell et al. 2002; Kalyoncu

et al. 2009; Offem et al. 2011). Biomonitoring can be a tool

for quick and reliable identification of local impacts on

biota, which stay undetected using routine chemical and

physical monitoring (Danilov and Ekelund 2001). Under-

standing phytoplankton community structure provides

insight into the overall ecology of lakes and will assist in

the future conservation and management of this lentic

ecosystem (Salm et al. 2009).

The reservoir, being a source of drinking water, should

meet the criteria of good water quality and should be in low

level of pollution. A continuous biological monitoring

program will help the manager and local authority to

identify potential pollutants and toxic species in the area.

Conclusion

Mengkuang Reservoir was oligotrophic based on CMTSI.

However, the classification of water quality based on

diversity index (H0) of phytoplankton showed that the

reservoir was slightly polluted. Diversity index is a com-

munity structural analysis, so its application in environ-

mental monitoring should be supplemented by other

indices and parameters. Saprobic index also showed that

the reservoir was moderately polluted. Microalgal species

composition and abundance was a reliable and important

tool to assess the degree of pollution in Mengkuang Res-

ervoir. Long-term assessments of biological and chemical

parameters in the reservoir are necessary for an effective

prediction and management of excessive algal growth

(eutrophication).
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