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In freshwater ecosystems, water temperature plays as an environmental factor that regulates its
structure and function. A research on the impacts of changes in temperature to the dynamics
of the Phytoplankton community structure has been done. Data from nineteen-year period
(1995 to 2013) were collected from Cirata Reservoir as an example of artificial tropical lake in
Indonesia. The research aimed to determine the changes of water temperature as the impact
of climate warming on the dynamics of phytoplankton community structure. Different meas-
ures such as species richness, diversity index, and abundance were measured in order to under-
stand the changes of phytoplankton community structure. Trend analysis, linear regression,
and correlation were applied to achieve our objective. The study revealed that changes in water
temperature have affected the species richness, but not the diversity index and abundance
of the phytoplankton. Bacilariophyceae and Cyanophyceae were found as two predominant
phytoplankton classes in the lake with percentage of 48,45 and 41,43 respectively, assuming
their capacity to adapt the new environment. This study suggests that climate warming implies
changes of the freshwater ecosystems.
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INTRODUCTION

Freshwater ecosystem is a vital compo-
nent not only for human being but also for other
creatures. Many freshwater services are openly
available like habitat for plants and animals, rec-
reation, transportation, flood control, and puri-
fication of human and industrial wastes (Baron
& Poff, 2004; Karabulut et al., 2016). But late-
ly as human population grow and uncontrolled
landscape changing happened, threats to freshwa-
ter in the matter of quality and quantity reach its
critical point. Water pollution and water scarcity
is reported excessively occurred in several places.
This freshwater problem hits not only the develo-
ping countries but also the developed countries
(Brown & Matlock, 2011).

The global mean surface of air tempera-
ture has risen about 0.7+ 0.2 °C during the 20®
century (IPCC, 2007). Since 1990 a report has
mentioned that an escalation in mean and ma-
ximum temperatures of lakes at temperate area
was a repercussion of an increase of annual air
temperatures in those lakes over the past 20 yea-
s (Thorp, 1996). Changing in water temperature
therefore may affect the freshwater condition as
it links directly to water cycle. The effects of cli-
mate warming on freshwater ecosystems become
very crucial and need an urgent solution. That is
not only due to its direct need for living things
but also because it will dynamically modify to
maintain its resilience. Exacerbated eutrophicati-
on may occur as general effect of climate chan-
ge in freshwater lentic system which then alter
food webs, change habitat availability and quality
(Ficke et al., 2007).

Due to phytoplankton ability to perform
photosynthesis in the base of aquatic food chain,
changes of its composition will influence signifi-
cantly the higher trophic levels (Cellamare et al.,
2011). Phytoplankton dynamics are linked to an-
nual fluctuations of temperature (Cloern et al.,
2014; Aryawati et al., 2016), shifting temperature
will affect the producers directly through physi-
ology and indirectly by changing water column
stratification and resource availability, mainly
nutrients and light, or intensified grazing by het-
erotrophs (Winder & Sommer, 2012). Changes
in phytoplankton can have far-reaching conse-
quences for ecosystem structure and functioning.

Studies on dynamics of phytoplankton
communities under climate warming in subtropi-
cal reservoirs have been extensively done. In con-
trast, their variability and dynamics in tropical
lakes remain poorly explored. Furthermore, the
complex community interactions of phytoplank-

ton also depend on its original community com-
position, as well as the intensity and frequency
of disturbances (Soares, 2013). This paper aims
to describe the dynamics of phytoplankton com-
munity structure in Cirata Reservoir, a tropical
man-made lake in Indonesia. A long-term analy-
sis on the phyoplankton dynamic in face of cli-
mate warming enable us understand how tropical
freshwater acosystems evolve toward new stabil-

ity.
METHODS

Cirata Reservoir is one of cascade lakes in
Citarum River which is located within three re-
gencies in West Java Indonesia: Cianjur, Purwa-
karta, and Bandung Barat Regency. Built in 1988,
Cirata Reservoir along with Saguling Reservoir
was established to maintain energy security in
Java and Bali Islands. With the catchment area
of 603.200 Ha and mean depth of 34.9 m, Cira-
ta is the biggest hydroelectric power in Southeast
Asia that is able to produce 1,428 GWh per year
(Figure 1).

Citarum, as one of the biggest river in West
Java, supplies about two thirds of Cirata water.
The river plays an important role for people li-
ving not only in West Java but also Jakarta Pro-
vince. Based on the report collected by Institute
of Ecology (IoE) Universitas Padjadjaran, the
current water quality in most of stations of upper
Citarum Watershed is poor, and the pollution has
gone beyond the maximum of allowable levels.
Over-exploitation and habitat or land use change
are past major anthropogenic pressures towards
the river environment. With the total length of
350 km, lately this river is categorized as the noto-
rious polluted sites around the world (Sunardi, et
al., 2012) and become one of the dirtiest rivers
in the world (Cavelle, 2013). The Citarum River
directly affects the water quality of Cirata Reser-
voir as proved by its eutrophic state for the past
few years (IoE, 2015). The other catchments, like
Cisokan, Cikundul and smaller catchments, also
contribute in watering Cirata.

Temperature data and Phytoplankton sample
collection

Long-term water quality monitoring
(1995-2013) of Cirata Reservoir have been done
by Institute of Ecology Universitas Padjadjaran,
Bandung Institute of Technology, and Public
Work Agency of Bandung City. About 30-L wa-
ter sample from each sampling site were collected
using plankton net no. 25 with diameter of 30
cm. All the samples were taken from 20 cm water
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Figure 1. Study Location: Cirata Reservoir (Dots denote the sampling stations).

depth. The samples were then preserved in 4% for-
maldehyde and taken to the laboratory for micro-
scopic identification. Samplings normally started
from about 11.00 AM and finished at 14.00 PM.
The water temperature and transparency were
measured on-site using an Hg thermometer and
a Secchi-disk, respectively (APHA, 1989). Other
water samples were collected for other physico-
chemical analysis. Figure 2 presents the situation
and sampling activities in Cirata Reservoir.

Parameters for community structure and statis-
tical analysis

To evaluate the community structure of
phytoplankton, three parameters were counted:
species richness, diversity index, and abundan-
ce (N) of phytoplankton. Species richness of the
phytoplankton was obtained by calculate the total
number of species in each of the water sample.
As for diversity index, it was calculated using
Shanon-Wiener equation:

() D

‘Where H’

H}

Shanon-Wiener Diversity In-

dex, ni = total number of plankton and species
identified, and N = total number of plankton. Di-
versity index (H’) was categorized as “low” if the
result below 1 (< 1), and “middle” if the number
laid between 1 and 3 (1 < H’ < 3), or “high” when
above 3 (> 3).

While the abundance of phytoplankton
was calculaed using formula:

v ()« () <00
e Ye

Where N = total number of plankton per
liter (ind/L), Vs = total volume of filtered water,
Vk = total volume of concentrated water, Vp = to-

tal volume of analyzed of water, and n = number
of species identified.

Data analysis

Trend analysis, simple linear regression
and correlation were used for statistical analysis
purposes. Trend analysis was employed to un-
derstand the long-term tendency of changes in
temperature and water transparency, aw well as
the phytoplankton community structure in Cirata
during 1995-2013. As for linear regression, ana-
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Figure 2. The situation and sampling activities in Cirata Reservoir

lysis was made to determine the relationship bet-
ween phytoplankton community structures and
the changes in temperature. While the correlation
analysis was done to identify the strength of such
relationship.

RESULTS AND DISCUSSION

‘Water temperature

The result showed that the average water
temperature of Cirata lake fluctuated; no gener-
ic pattern of temperature was seen. The range
of water temperature was 26.50 — 30.86°C with
the highest temperature in 2003, and the lowest
in 2005 (Figure 3). The result indicated that the
temperature has increased up to 0.54°C during
the period, or equal to about 0.029°C annually.
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Figure 3. Trend of water temperature in Cirata
Lake over the period of 1995-2013.

Species richness, diversity index, and abun-
dance

A total of 40 species belongs to 15 classes
were identified in Cirata Lake in the period of
19 years. The result shows that the species rich-
ness of phytoplankton tended to increase along
with the year (Figure 4-A), and the statistical
analysis shows that the richness increment was
determined by the increased temperature (Table
1). The study has revealed that the phytoplankton
diversity index tended to decrease (Figure 4-B).
The lowest number of diversity index was 0.14 in
2004, while the highest was 2.52 in 2007. How-
ever, the warming water did not indicate a sig-
nificant effect on the decrease in phytoplankton
diversity index (see Table 1). During 19-year pe-
riod, the results indicated that the phytoplankton
abundance decreased up to 21,157 cells/L per
year (Figure 4-C). The study showed that within
3°C temperature shift, approximately a number
of 75,432 cells/L phytoplankton declined; none-
theless the statistical significance of the relation-
ship was not significant (as indicated by the num-
ber of R2 (0.0007) and p-value (0.8569), Table 1).
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Figure 4. Trend in species richness (A), diversity
index (B), and abundance of Phytoplankton in
Cirata Reservoir during 19 years of study.

Table 1. Regression and correlation analysis
between temperature and parameters for Phyto-
plankton community structures in Cirata Reser-
voir for 19 years (1995-2013)

Fooq cat- Slope R? P-
egories value

Tempera-
ture and
species
richness

+3.213 0.1163 0.0177 0.342

Tempera-
ture and
diversity
index

-0.1941 0.0664 0.0768 -0.258

Tempera-
ture and
abundance

-25.144 0.0007 0.8569 -0.027

Based on the percentage composition
(Figure 5), phytoplankton which belong to Bac-
ilariophyceae were dominant (48.45%) followed
by Cyanophyceae (41.13%), Chlorophyceae
(2.15%). The dominance of Fragilaria sp. (Bac-
ilariophyceae) was started by the early period un-
til the mid-period (See Figure 6). As for Synedra sp
(Bacilariophyceae) always appears every year but
its appearance was escalating significantly at the
end of the study period. Unlike Synedra sp, Volvox
sp. (Chlorophyceae) dominates at the beginning
of the study period but tends to disappear in the
middle and then its abundance is increasing again
by the end of the period. In contrast to these two
species, Oscillatoria sp. (Cyanophyceae) more
dominant in the mid-period until end-period of
study than at the beginning. Furthermore, altered
with Microcystis sp. which is almost appeared eve-
ry year, Microcystis seruginosa only appeared in the
mid-period. However, the study also shows the
dominant appearance of Staniera sp which cate-
gorized as Cyanophyceae in 2013.

BCyanophyceae OBacilariophyceae BChlorophyceae OOthers

Figure 5. Class composition of phytoplankton in
Cirata Reservoir for 19 years (1995-2013)

OOthers vstis sp. BSynedr:

OFragilaria sp. DOCymbella sp. BVolvox sp.

OStanieria sp mSynedra ulna @Oscillatoria sp.

BMicrocystis seruginosa

Figure 6. Species composition of phytoplankton
in Cirata Reservoir for 19 years (1995-2013)

Warmer air temperature may result in
warmer surface water through heat transfer con-
duction. A rising water temperature in Cirata
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Reservoir in last 19 years could be an influen-
ce of warmer air temperature. Compared with
subtropical lake which has annual increment
of 0.089°C (Vincent, 2009), Cirata experiences
lower water temperature shift. The scale of water
temperature escalation of Cirata Reservoir is in
the range of warming rate of air temperature in
Indonesia which falls between 0.2 to 0.3°C per
decade (Boer & Faqih 2004; Candradijaya et al.,
2014). In the lake, shifting temperature can cause
the surface layers become warmer but cooler at
certain depths which leads to stronger water stra-
tification, and hence vertical mixing of water.
The shifting temperature and mixing water have
an immediate influence to the live of phytoplank-
ton (Winder & Sommer, 2012; Ndebele-Murisa
et al., 2010; Tirok & Gaedke, 2007). The inter-
actions between climate warming and phytop-
lankton are complex. Many factors contribute to
the dynamic in abundance, distribution, and the
structure of community, such as predation and
resource availability. As an artificial lake, Cirata
is facing severe problem of eutrophication. The
effects of eutrophication are also potentially me-
diated by climate. High level of nutrients, pollu-
tion load and sediment contains organic matters
in Cirata (Zahidah et al., 2011; IoE, 2015) have a
possibility to promote certain species of phytop-
lankton to grow.

The river flows could also carry phytop-
lankton species into the lake. When the tem-
perature and nutrients supports the growth of
phytoplankton species, the species easily adapt
to the environmental conditions in Cirata. One
of the new emerging species in Cirata during the
the study period was Stanieria sp, member of Cy-
anophyceae. In general, this class is a poor qua-
lity food for zooplankton (Wilson et al., 2009),
and can be toxic to zooplankton (Hansson et al.,
2007); Cyanophyceae members may be free from
predation of zooplankton. No study indicate
the better performance of Cyanophyceae under
rising temperature (Moss et al., 2003), however,
this study has shown the opposite result.

The appearance of Cyanophyceae, speci-
fically Stanieria sp. was dominant in mid-period
until end-period when the temperatures were
slightly higher than the average. Therefore, it is
predicted that these species could thrive under the
increase of temperature. According to Hays et al.
(2005), new species appearing in a body of water
will be followed by the persistence to dominate or
even become a key species in water body.

Vertical mixing of water is reported to
affect the distribution of phytoplankton, and
change the composition and abundance (Ndebe-

le-Murisa et al., 2010), and finally the diversity
in freshwater ecosystem. In Cirata, despite an
increase in the number of species, the distributi-
on of each individual was uneven. One group or
species is more adaptable than the others caus-
ing a decrease in diversty, mainly if such group
or species becomes pedominant. Schabhiittl et
al. (2013) stated that an increase of 4°C can have
a negative impact on phytoplankton diversity.
However, the warming water seemed not to affect
phytoplankton diversity in Cirata.

Our study revealed that the abundance of
phytoplankton has no correlation with warmer
temperature in Cirata. However, the tendency
of decrease in phytoplankton abundance could
be caused by increasing stratification that limits
nutrient supply (Boyce et al., 2010). Increased
zooplankton grazing might limit phytoplank-
ton abundance as well, but information discuss-
ing this correlation is few. The other reason, the
declined phytoplankton production was caused
by the temperature limitation of its growth rate
(Cloern & Dufford, 2005).

Bacilariophyceae, Cyanophyceae, and
Chlorophyceae were the classes that dominated
the Cirata water. This is presumably because the
classes play an important role in the food chain,
and have the ability to distribute widely in the wa-
ters. For example, diatom is the most important
food supply for primary consumers (Schabhiittl
et al., 2013) such as zooplankton, invertebrate
larvae and nekton. During the study period, it
appeared that diatom (e.g. Synedra sp) was the
dominant group throughout the years. Diatoms
seem to have the capacity to either fix their selves
to the substrate or float in the water column (Mo-
rales, 2001). Therefore, they have a high ability to
tolerate changes in environmental conditions of
waters. The studies have indicated that diatoms
are indicators for climatic changes (Recasens et
al., 2015; Barron et al. 2013). Domination of
Diatomae used to be main characteristic features
of tropical freshwater (Dunck et al., 2012), such
as Cirata.

CONCLUSION

This study emphasized that warming tem-
perature contribute to changes in phytoplankton
community structure in tropical lake. The in-
creased species richness was obvious as the im-
pacts of climate warming. Warming climate may
promote certain species to develop in new envi-
ronment. The research found Bacilariophyceae
and Cyanophyceae to be dominant in the lake
ecosystem assuming their good capacity to adapt
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the temperature, compared to remaining groups.
The increased temperature seems to facilitate the
freshwater ecosystem development.
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