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Abstract. Jatigede Reservoir is stagnant inland water formed from the
damming of the Cimanuk river. Jatigede Reservoir, like any other reservoir,
is horizontally divided into three areas, namely riverine, transition, and
lacustrine. The different characteristics of each zone also impact the
composition and community of phytoplankton, trophic status, and carbon
content. This study aims to calculate the carbon content of phytoplankton in
the waters of the Jatigede Reservoir in each zone with the composition and
community of phytoplankton at a certain trophic status. The research stations
were selected using purposive sampling with station selection based on the
site in the reservoir, namely riverine, transition, and lacustrine. Analysis of
trophic status and carbon content was used to determine the condition and
presence of carbon in the Jatiged Reservoir. The trophic position of the
Jatigede Reservoir based on the Nygaard Index and TSI (Tropic State Index)
is categorized into the eutrophic level. Species from the Cyanophyceae class

tend to have high abundances, but the higher carbon content is in the
Dinophyceae class. Riverin, transitional, and lacustrine zoning have the same
trophic status but have different compositions and phytoplankton
communities. Based on the study results, the carbon content of phytoplankton
was relatively high in the riverine and lacustrine zones and low in the
transition zone.
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INTRODUCTION

Jatigede Reservoir is stagnant inland water formed from the dam upstream of the Cimanuk River. Jatigede
Reservoir has an area of 41,12 km? with an adequate water storage volume of 876,9 million m3. Jatigede
Reservoir is intended to irrigate rice fields in an irrigation system covering an area of 90.000 ha to generate
electricity with an installed power of 110 MW and for domestic purposes (BBWS 2020). Straskbra and Tundisi
(1999) classified reservoirs based on area size and reservoir volume into four categories. Jatigede Reservoir is
in the small category with an area of 1-100 km?.

In general, there is horizontal zoning of the reservoir and the Jatigede Reservoir. The pool is divided into
three areas based on the zoning, namely riverine, transition, and lacustrine. Physical characteristics, such as
area, current velocity, depth, nutrients, and trophic status, can differ in each zone (Wetzel and Likens 1991).
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The other characteristics of each location also impact the composition and community of phytoplankton, as
well as the condition of the trophic status of the reservoir. Phytoplankton responds to differences in water
conditions and results in the formation of diversity, uniformity, and dominance of the phytoplankton
community (Scheffer et al. 2003). Mason (1991) explains that waters with specific environmental conditions
have certain phytoplankton communities.

Phytoplankton is directly related to the presence of carbon in the waters in the process of photosynthesis.
The concentration of carbon in water in the form of CO; will be absorbed by phytoplankton in the
photosynthesis process and produce CsH1206. This process makes phytoplankton play a role in absorbing and
storing carbon (carbon stock) in the waters. The amount of content absorbed and held by phytoplankton is
essential to know. Sobek et al. (2006) showed that the carbon content in phytoplankton was 369 mgC/m? in
Frisksjo'n lake with 1.848 km?2.

Estimate carbon content in phytoplankton based on the biovolume approach of each type of
phytoplankton, combined with the abundance of that type of phytoplankton (Menden-Deuer and Lessard
2000). Information about the carbon content in the reservoir is still not widely known. Therefore, this paper
presents the results of research on the estimation of carbon content using the phytoplankton biovolume
approach to illustrate the role of phytoplankton in carbon flux under certain trophic status conditions.

METHOD
Location and Time

The research was conducted from February to April 2021 in Jatigede Reservoir, Sumedang, West Java.
Every month, sampling was carried out at eight observation points (Figure 1). The research stations were
selected using purposive sampling based on the zones in the reservoir, namely riverine, transition, and
lacustrine. Water quality analysis was carried out at the Water Productivity and Environment Laboratory,
Department of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences, Bogor Agricultural
University.
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Figure 1 Location map of Jatigede Reservoir, Sumedang, West Java
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Data collection

The data used in this study include primary data and secondary data. Preliminary data were obtained from
laboratory measurements and analysis results, while secondary data was obtained from the management of the
Jatigede Reservoir (BBWS Cimanuk-Cisagarung). Parameters measured directly in the field (in situ) are
temperature, brightness, pH, and dissolved oxygen (DO). Parameters analyzed in the laboratory include
chlorophyll, total phosphate, and phytoplankton. Secondary data includes reservoir morphometry and
hydrology data.

Measurement of reservoir flow using a flowmeter, dissolved oxygen and temperature using a DO-meter,
and pH with a pH-meter directly at each observation station. The brightness of the waters is calculated from
the results of the Secchi depth measurement. Analysis of alkalinity parameters, nutrients (ammonia, nitrate,
nitrite, orthophosphate), and water samples were taken using a Van Dorn Water Sampler in the surface layer
of the water. After that, the water was put into a 500 ml sample bottle and given a preservative. Then the
samples were analyzed in the laboratory using the APHA method (2012).

Phytoplankton sampling was carried out using the vertical towing method using a plankton net at a depth
of Secchi. When then preserved, the phytoplankton samples were in 1% Lugol solution for analysis in the
laboratory. To determine the filtered volume, the formula for the volume of the cylinder is:

Filtered Volume = 3,14 X1r? Xt
explanation: r = net plankton radius; t = Secchi disc depth
The abundance of phytoplankton was obtained using the strip method using 10 x 10 phytoplankton which
was carried out using the Sedgewick Rafter Counting cell (SRC) tool at the service of 10 x 10. Phytoplankton

identification is made by referring to the exploration book. The abundance of phytoplankton is expressed in
cells/L, calculated by the APHA (2012) formula.

~ Cx1.000 mm’
Nk D xwxs
C : Number of organisms counted (cell)
L : Chamber Length (50 mm)
D : Chamber Depth (1 mm)
W : Chamber Width (20 mm)
S : Count the number of strips (15 strips)
Analysis

Determination of Seasons and Water Zones

The determination of the season is based on rainfall data from the BMKG Kertajati Meteorological
Station. The start of the rainy season is determined based on the amount of rainfall in one basis (10 days) that
exceeds 50 mm and is followed by the next two bases. Based on Wetzel and Likens (1991), the reservoir waters
are divided into three parts: riverine, transitional, and lacustrine. The division of the three parts is based on the
physical, chemical, and biological characteristics, namely area, depth, current, nutrient, and fertility level.
However, in this study, grouping at eight stations used water quality parameters.

Status Trophic

The trophic status of the Jatigede Reservoir is determined based on the waters' physical, chemical, and
biological parameters. The level of trophic status can be known through the value of the Trophic State Index
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(TSI), with the parameters measured, namely Secchi disc depth, total phosphorus, and chlorophyll-a (TSI-Chl-
a) (Carlson 1977). Based on the average TSI results in the equation obtained, the level of trophic status is
grouped according to Carlson (1977) into four, namely oligotrophic (<40), mesotrophic (40-50), eutrophic
(50-70), hypereutrophic (>70).

TSI-SD= 10 (6 ; ";nsf)

23
TSI-TP= 10 (6 ——TP>
In2

TSI-SD= 10 (6w)

In2

__ TSI-SD +TSI TP +TSI Chl-a
3

TSI

Trophic status can also be calculated based on biological parameters using the Nygaard index (Nygaard
1949 in Rawson 1956). The Nygaard index calculation (In) is based on the ratio between the number of
Myxophyceae, Chlorococcalles, Centric Diatom, Euglenophyta species with the number of Desmidiaceae
species, with the category for Nygaard index, In <1: oligotrophic, 1 In 2,5: mesotrophic (mild eutrophic) and
>2,5: eutrophic.

Estimated Carbon Content in Phytoplankton

Phytoplankton generally has geometric shapes such as spheres, cylinders, and cones. The geometric shape
of this phytoplankton is used to calculate the volume according to its geometric volume formula (Sun and Liu
2003; Hillebrand et al. 1999). Volume measurements with 30 individuals of each species or taxon (more for
high-abundance individuals).

The estimation of carbon content to estimate the carbon stock in phytoplankton in the waters through the
cell biovolume approach is calculated using two regression equations. According to Menden-Deuer and
Lessard (2000), the procedure is divided into two equations. The first equation is for non-diatoms [, and the
second equation is for diatoms [?l. Cc = carbon content per cell (ugC) and V¢ = biovolume per cell (um3).

C.=0216 vV, %%
C.=0.288V, 28!

The carbon biomass content (C) contained in phytoplankton can also be estimated by multiplying the
abundance value (n) of phytoplankton with the Cc value, according to Menden-Deuer and Lessard (2000). This
is done for all types of a taxon (N) with the following formula.

C= Z?I nxCc

RESULT AND DISCUSSION
Determination of Seasons and Water Zones

Rainfall in June 2020—September 2021 is the dry season, while October 2020—April 2021 is the rainy
season. The research was carried out from February—April 2021, which describes conditions during the rainy

season. Based on Wetzel and Likens (1991), the reservoir waters are divided into three parts, namely: riverine,
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transitional, and lacustrine. The division of the three parts is based on the physical, chemical, and biological
characteristics, namely area, depth, current, nutrient, and trophic level. However, in this study, grouping at
eight stations used water quality parameters. The story of similarity between stations with a similarity value of
70% formed 3 major groups, first: stations 1 and 2; second: stations 3, 4, 5; and third: stations 6, 7, and 8. So
that the zoning of the Jatigede Reservoir at stations 1 and 2 are riverine areas; stations 3, 4, and 5 are transition
areas; while 6, 7, and 8 are lacustrine areas.

Phytoplankton Community

Reservoirs can be a place to accumulate nutrients from catchment areas around water bodies (Szalinska
2010). The addition of these nutrients will increase primary productivity and phytoplankton biomass (Sara et
al. 2011). Based on the research, the composition of phytoplankton species in Jatigede Reservoir is 32 genera
from the classes Bacillariophyceae, Chlorophyceae, Cyanophyceae, Dinophyceae, and Euglenaphyceae
(Figure 2).
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Figure 2 Composition of the number of types of phytoplankton in Jatigede Reservoir

The highest abundance was Cyanophyceae, and the lowest Euglenaphyceae in all water zones (Figure 2).
Each type of phytoplankton has a different abundance in each zone. Bacillariophyceae were highest in riverine
and lowest in lacustrine, Chlorophyceae were highest in lacustrine and lowest in riverine, Cyanophyceae,
Dinophyceae were highest in riverine and lowest in transition, and Euglenaphyceae were highest in lacustrine
and lowest in transition. Overall, we found the highest total abundance in the riverine area and the lowest in
the transition area.
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Figure 3 Phytoplankton abundance in Jatigede Reservoir
Trophic Status

Management of reservoir waters must be adjusted to the trophic status of the waters in each water.
Eutrophication is a problem that is often faced in reservoir aquatic ecosystems. Reservoir water quality
conditions are classified based on eutrophication caused by an increase in nutrient levels in the water (Wiryanto
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et al. 2012). Eutrophication is caused by the entry of excess nutrients (Tusseau-Vuillemin 2001). This makes
the reservoir waters vulnerable to increased trophic status (eutrophication).

Table 1 Trophic status of Jatigede Reservoir

Index — LO'C(?Itlon - Trophic status
Riverine Transition Lacustrine
TSI 66,00 62,20 61,97 Eutrophic
Nygard 5,83 5,56 5,31 Eutrophic

The Nygaard index and TSI used to estimate trophic status have different parameters used, so each has
advantages and disadvantages. Based on the values of the two indices, the Jatigede Reservoir is categorized as
a eutrophic trophic status (Table 1). TSI index values in each zone ranged from 61,97-66,0, the highest in the
riverine area, to the lowest in the lacustrine site. The Nygaard index value also illustrates that the highest value
is found in the riverine zone, and the lowest is in the lacustrine area. Nygaard Index values range from
5,31-5,83. The two indexes describe the condition of the Jatigede Reservoir in a eutrophic status.

Estimated carbon content in phytoplankton

The absorption of carbon by phytoplankton during photosynthesis causes carbon transfer from the water
(hydrosphere) into the phytoplankton body. The carbon is stored in the phytoplankton body as phytoplankton
biomass. When the phytoplankton cells die, they will contain organic particulates, which will, in the process,
settle in the agquatic sediments used by bacteria in the decomposition process (Wetzel and Likens 1991).

Tracelomonas sp.
Phacus sp.
Fuglena sp.
Cyclotella sp.
Flagilaria sp.
Navicula sp.
Nitehia sp.
Melosira sp.
Peridinium sp.
Ceratium sp.
Pseudoanabaena sp.
Microcystis sp.
Merismopedia sp.
Chroococcus sp.
Anabaena sp.
Staurastrum sp.
Scenedesmus sp.
Pediastrum sp.
Qocystis sp.
Golenkinia sp.
Crucigenia sp.
Cosmarium sp.
Coelastrum sp.
Asterococcus sp.

1,00 10,00 100,00 1.000,00 10.000,00  100.000,00 1.000.000,00
picogram

Figure 4 Carbon content in each genus of phytoplankton in Jatigede Reservoir

Based on the research results, 24 phytoplankton genera with the highest non-diatom carbon content,
namely Euglena sp., and the lowest was in the genus Pseudoanabaena sp., while the tallest diatom species
were in the genus Flagillaria sp. and the lowest is Navicula sp. (Figure 4). High carbon content is more
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influenced by volume and abundance in each reservoir zone. Class Bacillariophyceae, Chlorophyceae, and
Cyanophyceae have a high abundance size but a small volume, while the Dinophyceae and Euglenaphyceae
have a larger volume size. Based on the results, the carbon content in each class also shows different values.
Class Dinophyceae has the highest carbon content, and class Chlorophyceae has the lowest of the other types
(Figure 5).

Lacustrine [f
;“""‘ﬁ*‘*—'ﬁ«_‘ O Euglenophyceae

®= Dinophyceae
Transition E

@ Cyanophyceae

Riverine

0,10 1,00 10,00 100,00 1.000,00
Carbon content (ugC/L)

Figure 5 Carbon content in each class of phytoplankton in Jatigede Reservoir

Overall, apart from the different types of phytoplankton, the nutrient composition in each watering zone
causes differences in the carbon content in the waters of the Jatigede Reservoir. Based on the analysis results
on each type of phytoplankton in each location of the Jatigede Reservoir, the highest carbon content was in the
riverine zone, and the lowest was in the transition zone (Table 2). The carbon content is higher in the riverine
area because the types of phytoplankton from the Dinophyceae and Euglenaphyceae classes are higher than in
the transition zone.

Table 1 Abundance and carbon content of each zoning in Jatigede Reservoir

Parameter Riverine Transition Lacustrine
Abundance(cell/L) 123,232 + 262,337 86,798 + 373,009 89,586 + 188,042
Carbon content (ugC/L) 84,03 + 36,42 26,29 + 10,59 34,52 £13,19

Discussion

Eutrophication is caused by excess nutrients, especially in agricultural waste and household waste
(Tusseau-Vuillemin 2001). This case makes the reservoir waters vulnerable to increased fertility
(eutrophication). Based on Nygaard and TSI index analysis, the waters of Jatigede Reservoir are classified as
eutrophic waters. This eutrophic condition is a potential for the Jatigede Reservoir in a situation prone to
eutrophication. Research by Pratiwi et al. (2013) mentions that several things affect the trophic status:
aquaculture activities, recreation, agriculture, and domestic waste. Another study on several reservoirs in
Southern Poland showed that reservoir water quality was influenced by river water quality (Jagus and Rzetala
2011).

Inputs from rivers result in changes in water quality conditions in the reservoir. Changes in water quality
due to damming will affect the ecological processes in the formed pool (Xiaoyan et al. 2010), such as the
presence of nutrients. The addition of these nutrients will increase primary productivity and phytoplankton
biomass (Sara et al. 2011). Fitriadi's research (2021) in Jatigede Reservoir during the dry season,
phytoplankton in Jatigede Reservoir consisted of classes Bacillariophyceae, Chlorophyceae, Cyanophyceae,
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Dinophyceae, and Euglenophyceae. These results are the same as those of this study conducted during the
rainy season showing the same results.

There are qualitative differences between phytoplankton communities in oligotrophic and eutrophic. For
example, numerical declines are observed in species found in the mesotrophic—Ilake layer with decreased
nitrogen saturation in the lake. In addition, there are differences between the environmental conditions favored
by the Diatom, Dinoflagellate, or Cosmarium sp. species, Pandorina, and Gemellicystis. However, they can be
found in lakes with similar nutrient levels (Reynolds et al. 2000). In this study, the f trophic status rate of
Jatigede Reservoir in all zones was eutrophic, dominated by Anabaena sp., Pseudoanabaena sp., Ceratium
sp., and Peridinium sp.

The same trophic status in Jatigede Reservoir does not mean that the carbon content value is not
significantly different in each zone. The carbon content in phytoplankton is more influenced by the presence
of phytoplankton types, abundance, and biovolume of each type. Based on Jakobsen et al. (2015), in marine
waters, more extensive cell size and high abundance content make the diatom species have a higher range than
other types. Research in the Jatigede reservoir with eutrophic water conditions emerged non-diatom species,
namely Euglena sp., with the highest biovolume but low abundance, and Pseudoanabaena sp., the lowest
biovolume but high abundance, while for the diatom species the highest. Therefore, the carbon content in
freshwaters is influenced by non-diatom species than in marine waters, which are more influenced by diatom
species.

The composition of different phytoplankton will affect the presence of carbon in the waters. According
to Engel (2020), phytoplankton biomass in waters is an organic carbon stock. Research by Sobek et al. (2006)
on lake Frisksjo n. with an area of 1.848 km? lake has carbon based on the presence of phytoplankton of 369
mgC/m2. Based on Jakobsen et al. (2015), in estuarine and marine waters dominated by Bacillariopyceae
species, the estimated carbon content is 293 + 125 gC/L. This value is still higher than the research in Jatigede
Reservoir, which was 26,29-84,03 gC/L.

Based on the person correlation value, the relationship between carbon content is strongly correlated
(0,90-1) with Cyanophyceae and Dinophyceae, with p-values being 0,040 and 0,020, respectively. p-value)
0,720. The correlation value indicates that the trophic status in water has a not close relationship and has a
negative value. This can be seen in the results of this study at the same trophic status having different carbon
content values.

The development of water management must be adjusted to the trophic status of the waters in each
reservoir area. Eutrophication is a problem that occurs in freshwater ecosystems. Reservoir water quality
conditions are classified based on eutrophication caused by increased nutrient levels in the water (Wiryanto et
al. 2012). This increase in nutrients increases the carbon content of phytoplankton. This study shows that in
the riverine area, the carbon content of phytoplankton is higher than that of transition and lacustrine.

CONCLUSION

The trophic status in all zones in the Jatigede Reservoir is categorized as eutrophic. Still, it has a different
phytoplankton composition, with carbon content in phytoplankton which tends to be high in the riverine zone
compared to the transition zone and lacustrine.

ACKNOWLEDGMENT
Thank you to BBWS Cimanuk-Cisanggarung for permission to conduct research and data in Jatigede
Reservaoir.

REFERENCES

[APHA] American Public Health Association. 2012. Standard Methods for The Examination of Water and

Wastewater. Ohio (OH): AWWA and WEA.
421



Panggabean GT, Pratiwi NTM, Haryadi S, Ayu IP, Iswantari A, Wulandari DY, Zulmi R

[BBWS] Balai Besar Wilayah Sungai. 2020. Laporan Hidrologi Kajian Waduk Jatigede Tahun ke-4. Cirebon:
BBWS Cimanuk-Cisagarung.

Carlson RE. 1977. Atrophic state index for lakes. Limnology and Oceanography. 22(2):361-369.

Engel F. 2020. The Role of Freshwater Phytoplankton In The Global Carbon Cycle. Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of Science and Technology 1963. Swedia: Acta
Universitatis Upsaliensis. 41 p.

Fltriadi R, Niken Tunjung Murti Pratiwi, Rahmat Kurnia. 2021. Komunitas fitoplankton dan konsentrasi
nutrien di Waduk Jatigede. Jurnal llmu Pertanian Indonesia. 26(1):143-150.

Hillebrand H, Diirselen CD, Kirschtel D, Pollingher U, Zohary T .1999. Biovolume calculation for pelagic and

benthic microalgae. Jurnal Phycology. 35: 403-424. doi:10.1046/j.1529-8817.1999. 3520403.x.

Jagus A, Rzetala. 2011. Influence of agricultural anthropopression on water quality of the dam reservoirs.
Ecological Chemistry and Engineerings. 18(3):359-366.

Jakobsen HH, Carstensen J, Harrison PJ, Zingone A. 2015. Estimating time series phytoplankton C: Chl for
phytoplankton in temperate coastal waters biomass: Species identifications and comparing volume to
carbon scaling ratios. Estuar Coast Shelf Sci. 162:143-150. doi:10.1016/j.ecss.2015.05.006.

Mason CF .1991. Biology of Freshwater Pollution. 2nd ed. Great Britain; Longman.

Menden-Deuer S, Lessard EJ. 2000. Carbon to volume relationships for dinoflagellates, diatoms, and
otherprotistton plank. Limnology Oceanografi. 45:569-579. doi:10.1.1.545.9802.

Pratiwi TMN, Krisanti M, Haryadi S, Ayu PI, Iswantari A, Amalia JF.2013. Komposisi fitoplanton dan status
kesuburan perairan Danau Lido, Bogor-Jawa Barat melalui beberapa pendekatan. Jurnal Biologi
Indonesia. 9(1):111-120. doi:10.14203/jbi. v9i1.152.

Rawson DS. 1956. Algal indicators of trophic lake types. Limnology and Oceanography. 1(1):18-25.
d0i:10.1.1.495.602&.

Reynolds C, Dokulil M, Padisak J. 2000. Understanding the assembly of phytoplankton about the trophic
spectrum: where are now?. Hydrobiologia. 424:147-152. doi:10.1023/A:1003973532706.

Sara G, Martire ML, Sanfilippo M, Pulicano G, Cortese G, Mazzola A, Manganaro A, Pusceddu A. 2011.
Impact of marine aquaculture at large spatial scales: evidence from N dan P catchment loading and
phytoplankton biomass. Marine Environmental Research. 71:317-324.
doi:10.1016/j.marenvres.2011.02.007

Scheffer M, Reinaldi S, Huisman J, Weissing FJ. 2003. Why plankton communities have no equilibrium:
solutions to the paradox. Hydrobiologia. 491:9-18. doi:doi.org/10.1023/A:1024404804748.

Sobek S, Séderback B, Karlsson S, Andersson E, Brunberg AK. 2006. A carbon budget of a small humic lake:
an example of the importance of lakes for organic matter cycling in boreal catchments. AMBIO: A
Journal of the Human Environment. 35(8):469-475. doi:10.1579/0044-7447.

Sun J, Liu D. 2003. Geometric models for calculating cell biovolume and surface area for phytoplankton.
Journal of Phytoplankton Research. 25:1331-1346. doi:10.1093/plankt/fbg096.

Szalinska E. 2010. Reservoirs as a trap for pollutants: the Czrsztyn Reservoir. Terre et Environmental. 88:205—
2009.

Tusseau-Vuillemin MH. 2001. Do food processing industries contribute to the eutrophication of aquatic
systems?. Ecotoxicol Environmental Safety. 50(2):143-152. doi:10.1006/eesa.2001.2083.

Wetzel RG, Likens GE. 1991. Zone Limnological Analyses. New York (NY): Springer-Verlag Inc.

Wiryanto, Totok G, Tandjung SD, Sudibyakto. 2012. Kajian kesuburan perairan Waduk Gajah Mungkur
Wonogiri. Jurnal Ekosains. 1V(3):1-10.

Xiaoyan L, Shikui D, Qinghe Z, Shiliang L. 2010. Impacts of Manwan Dam construction on aguatic habitat
and community in middle reach of Lancang River. Procedia Environmental Sciences. 2:706-712.

422



