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Abstract

Diatom biodiversity is an increasing concern due to growing human impact, the study was carried
out in one of the most important water storage reservoirs of Tembalang Region. The anthropogenic
activity influence of diatom diversity in the UNDIP Reservoir. The reservoir of Universitas Diponegoro
(UNDIP) Semarang was an area of 1.24 km?, with the deepest part of 15 meters, and able to
accommodate water up to 13500 m?. This study aims to determine the relative abundance, diversity,
evenness, dominance of diatoms and is expected to provide information about the condition of the
waters in the Diponegoro University Reservoir, Semarang. Littoral benthic diatoms of five locations
were sampled. Diatoms slides were prepared from scraping the rock surface with an area of 3x3 cm,
dilute in 50 ml distilled water, and identification under the microscope with 1000 magnification.
Analysis of the physical characteristics of the waters includes Temperature, pH, DO, TDS, Conductivity,
and Turbidity. The diatom composition in UNDIP Reservoir consists of 72 species that belong to 20
genera. The Shannon-Wiener diversity index (H') ranges from 2-3. The dominance index (D) ranges
from 0.05-0.17. The Evenness index (E) ranges from 0.54-0.90. Water quality parameters showed a
fairly good value in the growth of diatoms. Dominated by periphytic taxa such as Cyclotella
meneghiniana (15.72%), Brachysira microcephala (9.93%), and Achnanthidium minutissima (6.84%)
which are widely distributed and live at temperatures of 20-30°C and pH >6.
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INTRODUCTION

The reservoirs are complex artificial aquatic
ecosystems with functions as power plants, flood
control, recreation, and various reservoirs that
have been built for water storage during long
periods of low water levels (fall-spring). The
short residence time of water in reservoirs affects
phytoplankton productivity and composition
(Prado, 2002; Morais, 2017; Salusso & Morana,
2018). A reservoir has potential biological
resources. Semarang has 2 reservoirs, namely the
Jatibarang and the UNDIP Education Reservoir.
The function of the UNDIP Reservoir is intended
to water stored, maintain the balance of the
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ecosystem and the environment including control
flooding in the area around UNDIP Most of the
domestic waste enters the reservoir that may
induce pollution which harms public health.

As a relatively new reservoir, research at the
UNDIP reservoir was limited. Secioputri (2014)
studied water quality at the catchment area of
Krengseng as a base for water quality
management at UNDIP Reservoir. Research on
diatoms has never been done in the UNDIP
Reservoir, so the novelty of this research was the
use of diatom as bioindicator water quality at
UNDIP Reservoir.
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Diponegoro Reservoir is located in the
Tembalang area, Semarang. This reservoir can
accommodate normal water up to 478.24 m? with
a water catchment area of 7.13 hectare with a
river length of 7.52 km. The Diponegoro
Reservoir functions to maintain the balance of the
ecosystem and the environment, protect the area
around the Tembalang UNDIP campus to avoid
flooding, increase groundwater absorption as a
conservation and recreation area (Setiadi, 2020).

Diatoms are microscopic organisms that
belong to the Bacillariophyte Division. Diatom
are well-known organisms, that able to live as
planktonic or benthic form. Benthic diatoms can
be separated based on the substrate, epiphytic —
for diatom lives at plants, epilithic — for diatom
lives at the rock, epipelic — for diatom lives at the
mud, and epizoic — for diatoms live at animals
(Soeprobowati, 2020). Diatoms are called
photosynthetic organisms because they contain

chlorophyll a and chlorophyll-c. The most
dominant pigments are caretenoid pigments
(especially p-carotene, diadinoxanthin, and

fucoxanthin), therefore diatoms can reflect a
golden brown color (Round, 1993). Diatoms
contribute 20-25% of oxygen production through
photosynthesis (Mann, 1999).

Diatoms have a micro-sized silica shell with a
nanoscale pattern and a frustule similar to
photonic crystals and are capable of manipulating
light (Tommasi, 2016; Rogato, 2020). Diatom
frustules are amorphous nanoporous silicate cell
walls that surround diatom cells and are used to
classify diatoms. The frustule in diatoms provides
mechanical stability and can protect diatoms
from predators (Goesling, 2018). The availability
of silica in diatom cells is an important point in
diatom growth in nature. Silica deposits are
influenced by the availability of nutrients in the
sediment. Lack of silica content will stop the
diatom cell cycle (Javaheri, 2015). The diatom
frustule has a photonic structure and nano-scale
pores when interacting with the light spectrum so
the diatom can be identified (Goesling, 2018).

Diatoms are the dominant microalgae in
almost all aquatic ecosystems and play an
important role in the carbon cycle and food web
(Soeprobowati et al., 2012). Diatoms are
undoubtedly in response to changes to the
environment because diatoms have well-
preserved cell walls in the sediment (Dixit et al.
1992; Gell et al. 2007; Reid & Ogden, 2009;
Soeprobowati et al., 2016; 2018; 2021). The
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diatom community is very responsive in
responding to environmental changes such as pH,
nutrients, salinity, and also other environmental
conditions. There are many diatoms used to
indicate the water quality status of the lakes and
paleoecology (Bere, 2014; Soeprobowati et al.,
2016, 2021).

Diatoms are good indicators of changes in
water use and quality. The most important feature
is that diatoms can be present in all water
surfaces, the samples collected from them can be
maintained for a long time and can respond to
environmental changes quickly (Tan, 2017).
Nanopores in frustule can exchange gas, nutrients,
and other metabolites (Lyakh, 2019). The diatom
frustule can adjust the pH for CO; absorption as a
protection for the inside of the cell to connect
with other cells in its survival (De Yuan, 2012).

The water quality in each area can be done by
knowing the composition of the diatoms.
Diatoms are capable to live even in extreme
environmental conditions, the presence of
diatoms is often well represented in benthic algal
communities on high latitudes. The epilithic
diatoms occupy the largest portion of river waters.
The diatom has a very fast response to changes in
the surrounding environment and has a short and
fast life cycle compared to fish or other
microinvertebrates. (Teittinen, 2016).

Epilithic diatoms are single-celled organisms
that live attached to rock substrates
(Soeprobowati, 2020). Epilithic diatoms are used
for research purposes as suitable bioindicators
(Teittinen, 2016). The rock substrate is moist and
can be passed by environmental stressors,
therefore epilithic diatoms are wused as
bioindicators that are sensitive to environmental
conditions (Gowan, 2018). Epilithic diatom
communities are considered more stable than
epiphytic and epipelic communities, because of
the stability of their substrates (Zelnik, 2020).

Diatom species promoted as bioindicator
organisms are  Cyclotella  meneghiniana,
Gomphonema lanceolatum is a bioindicator
species in water that is not polluted or lightly
polluted. Pinnularia gibba, Nitzschia sigmoidea,
Nitzschia  recta, Sellaphora bacillum  are
bioindicator species in moderately polluted
waters. Fragilloria virescens, F. cappucina,
Gomphonema ventricosum, Nitzschia palea, and
Synedra ulna are bioindicator species in heavily
polluted waters (Soeprobowati, 2001;
Soeprobowati, 2010).
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Diatoms have a wide distribution throughout
the world and are quick to respond to changes in

the physical and chemical characteristics of water.

(Kashima, 2008; Fitri, 2016). Diatoms, especially
benthic diatoms, have a role as primary producers
in the food chain. Benthic diatoms are used
worldwide for water quality assessment. Benthic
diatoms have taxonomic diversity and are
resistant to changes in pollution and chemical,
physical and biological disturbances (Chonova,
2019). Diatoms will respond to changes in water
conditions in the form of abundance, the number
of species, and colonization of certain taxa based
on varying input of organic matter. Diatoms are
used because diatoms are fast in responding to
physical or chemical changes in the environment
(Soeprobowati, 2010; Ananingtyas, 2018).
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This study aims to determine the relative
abundance, the indices of diversity, Evenness,
and dominance of diatoms in the UNDIP
researvoir in relation to the its water quality.

METHODS

This research was conducted in July-
December 2019. Sampling was carried out at the
edge of the UNDIP Reservoir. The method used
in this research is sampling to collect stone,
measuring environmental parameters, collect
diatoms from the stone, preparation, and
identifying diatoms in the Ecology and
Biosystematics Laboratory, Department of
Biology, Faculty of Science and Mathematics,

Universitas Diponegoro, Semarang
o s ~
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Figure 1. Study site in UNDIP Reservoir

Site 1 and 2 were a location that represents
with inlet area and site 2 was dominated with
vegetation of grass. Site 3 is the area near the
bridge. Site 4, is the side area near the outlet and
represents the zone with full light. Site 5
represents an outlet (Figure 1.) Water quality
parameters that are measured are temperature,
salinity, dissolved oxygen, pH, turbidity,
conductivity, and total dissolved solids in the
water. The water quality measurement used the
HORIBA U-50 water checker.

The epilithic diatoms were collected on
rock/cobbles that faced the water around 15 to 30
cm from the surface of the water using a hard-
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bristled toothbrush and glass tubes in the entire
spring area, In the case of the reservoir, samples
were collected from a different site.

The diatom sample was cleaned with a brush
and rinsed with water, then washed using sodium
hypochlorite and distilled water, and then
centrifuged at a speed of 1,000 rpm for 5-10
minutes. Then identified diatoms under a
microscope at 1,000 magnification.

Diatoms are identified using identification
books Kramer & Lange-Bernalot (2004), Gell et
al (1999) and Taylor et al (2007), journals, and
the web, namely algaebase.org, diatoms.org and
westerndiatom. colorado .edu.
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To calculate the diatom abundance it can be
expressed in individual / cm? (Magguran, 2004)

N=— - (1)

Where:

N: Total abundance (ind / cm?)

V:: Volume in sample vials (ml)

Vo: The volume of one drop of sample
water (ml)

n: Number of diatoms

A: Area of cranes (cm?)

The diversity index of diatoms, the Shannon-
Wiener formula was used (Magguran, 2004)

H=-— _ In )
Where:
Pi=ni/N
ni : Number of individuals of type I
N : The total number of individuals of all
types
The criteria contained in this Shannon-
Wiener are:

H<1 : Low diversity level
1 <H’<3 : Medium diversity level
H’>3  :High level of diversity

The evenness of the diatom type, it can be
calculated using a formula (Magguran, 2004);
= — 3)

Where:
H' : Diversity index
Hmax :1Ins (s: number of species)

Evenness index criteria
E< 04 = Low type evenness
0,6 >E>0,4 = Medium type evenness
E>0,6 = High type evenness

The dominance of diatom types, was
calculated with the formula (Magguran,2004);

= (=) )
Where :
nj : Number of individuals to i
N : The total number of individuals of
all types

The criteria it has are;

D = 0: the absence of predominant species
or stable community structures

D = 1: some species have dominated other
species or community structures that
change due to ecological pressures

RESULTS AND DISCUSSION

In total, 72 diatom epilithic taxa belong to 20
genera were found from UNDIP Reservoir
(Figure 2). Eight dominant taxa exceeded a 2%

relative abundance (Achanthes 15.34%,
Achanthidium  3.42%, Brachysira 12.60%,
Naviculla 13.00%, Cyclotella 15.65%,
Gomphonema  16.40%,  Nitzchia  8.89%,

Pinnularia 8.52%).

H Achnanthes

M Achnanthidium
Psammothidium

M Brachysira

M Brebissonia
Cymbella

B Cymbopleura

M Caloneis

M Navicula

M Cyclotella

M Diademis

M Fragilaria

M Frustulia

B Gomphonema

Denticula

Figure 2. Diatom Abundance in UNDIP Reservoir
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Surface sediment assemblages of most diatom
were dominated by Cyclotella meneghiniana
(15.72%), Brachysira microcephala (9.93%), and
Achnanthidium minutissima (6.84%). Cyclotella
meneghiniana can be found in a variety of
habitats including eutrophic, and oligotrophic
water. Cyclotella meneghiniana is often found
because it has no means of movement and can be
found in shallow water with high nutrient levels
(Tanaka, 2007; Park, 2013). Cyclotella
meneghiniana one of the planktonic diatoms that
can be found all over the world and is widely
distributed in lakes, rivers, seas, and brackish
water (Vuuren,2006; Harmoko, 2018). Cyclotella
meneghiniana can live in extreme environments
because there is excess metal content and can
reflect high resistance to pollutants, especially
metal pollution (El-Bestawy, 2000). Cyclotella
meneghiniana is a species that is tolerant of
pollution and can represent the quality of waters
that are rich in ionic concentrations
(Venkatachalapathy, 2013).

Brachysira microcephala is a cosmopolitan
species and can live at a pH of 5.9-6.6 (Vouilloud,
2014). Brachysira microcephala indicated in
oligo saprobic to mesotrophic waters with a wide
pH range also Brachysira microcephala can live
in rivers and swamps with high water
temperature, acidic pH, and low conductivity
(Vouilloud, 2014). Brachysira microcephala is
considered a cosmopolitan species and
widespread in Europe (Lange-Bertalot & Moser
1994; Wolfe & Kling 2001; Wojtal, 2003).
Brachysira microcephala 1is reported from
numerous freshwater habitats worldwide (Wojtal,
2003).

Achnanthes minutissima is a species found in
the tropics, cosmopolitan and distributed at
various altitudes and in almost all lakes (Bigler,
2002).

The abundance diatom in Site 1 and Site 2
(inlet area) was characterized by Gomphonema
affine (181 ind/cm?) Pinnularia sp. (111
ind/cm?), Gomphonema angustatum (84 ind/cm?).
Species belonging to Gomphonema are relatively
common in freshwater diatom communities.
Gomphonema often forms branched
mucilaginous stems attached to dense sub-strata.
The genus Gomphonema is associated mainly
with rocks and submerged vascular plants
(Wojtal, 2003). Gomphonema angustatum, most
of the diatom varieties in the reservoir inlet, are
types commonly found in low water flows and
stick to the substrate due to the shallow water
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inlet conditions and attached to vegetation.
Gomphonema angustatum 1is a species that is
resistant to pollution in these waters (Muscio,
2002; Xue, 2019).

The diatoms composition in Site 3, 4, and 5
(outlet area) was dominated by Cyclotella

meneghiniana (834  ind/cm?),  Brachysira
microcephala (195  ind/cm?),  Achanthes
minuttisima (139 ind/cm?). Cyclotella

meneghiniana is widespread in shallow, nutrient-
rich waters. (Horne and Goldman, 1994; Houk et
al.,2010).

The difference in the total number of species
abundance between inlet and outlet can be
influenced by the presence of physiological
processes, such as respiration and photosynthesis.
The external factors that influence it are
predation, turbulence, changes in salinity, and
also turbidity (Odum,1998).

Diversity, Evenness and Epilithic Diatom
Dominance

Diversity Index

2 3.07 3.03
300 249 238 2.33
2.00
1.00
0.00

1 2 3 4 5
Figure 3. Shannon-Wienner Diversity Index in

UNDIP Reservoir

Evenness Index

1.00 0.90

0.81 0.77
0.80 0.72
0.54
0.60
0.40
0.20
0.00
1 2 3 4 5
Figure 4. Evenness Index (e) in UNDIP
Reservoir
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Dominance Index
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Figure 5. Dominance Index (D) in UNDIP
Reservoir

Sites 1, 2, and 5 have a Shannon-Wiener
diversity index with a range of 2.0-3 indicated
that the ecosystem in these sites less stable. Sites
3 and 4 have a diversity value with a range of >
3.0, indicated the ecosystem more stable.

The highest evenness value was at Site 3 (0.9)
indicates that the uniformity between species is
relatively the same and the number of individuals
of each species is the same and the population is
not dominated by a species. According to (Basmi,
2000; Pirzan 2005) if the evenness value
approaches O then the evenness between species
in a community is low. The evenness value that is
close to number 1, then the evenness between
species in a community is relatively even or the
same.

The highest dominance index was at Site 5
(0.17) indicate many species and no species
dominate other species (Dash, 2001). Dominance
index is used to describe species that dominate
other types (Yuliana, 2012).

Water quality

The site shows the heterogeneity of
temperature, pH, dissolved oxygen, turbidity,
Total Dissolved Solution, and conductivity
values. The results of water quality
measurements are as follows as shown in Figure
6-11.

TEMPERATURE

31 30.26

ig 2857 2883
27.85

28 27.37

27 I m

26

25
Site 1 Site 2 Site 3 Site 4 Site 5
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Figure 6. Temperature Value of the Reservoir
UNDIP

pH

g 7.85 7.73 7.83 769
7.5
7 6.63
6.5 . |
6
Site 1 Site 2 Site 3 Site 4 Site 5

Figure 7. pH Value of the Reservoir UNDIP

CONDUCTIVITY
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0.4 0.32
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Figure 8. Conductivity Value of the Reservoir
UNDIP

TURBIDITY
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Figure 9. Turbidity Value of the Reservoir
UNDIP

DO
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Figure 10. DO Value of the Reservoir UNDIP
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TDS
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Figure 11. TDS Value of the Reservoir UNDIP

Site 3 has the highest species diversity with
the has a water temperature value of 30.26°C, pH
of 6.63, DO of 8.6 mg/L, these are the most
suitable for diatom growth. Effendi (2003) stated
that the temperature of 20-30°C is still good for
the growth and photosynthesis of diatoms. The
pH value has followed the class I water quality
standard based on Government Regulation No.
82 of 2001 which is in the range of 6-9. The
dissolved oxygen content in the waters is less
than 2 mg/L, which can cause death in aquatic
organisms (Enawaty, 2011).

The lowest diversity was found at Site 5
which indicated the presence of the dominating
species. Cyclotella meneghiniana is the most
common species and is compatible with the water
conditions at Site 5. Cyclotella meneghiniana
with maximum abundance in lakes with pH >6.0
and maximum growth at water temperatures of
13-28°C (Mitrovic, 2010).

CONCLUSION

There are 72 types of diatoms identified from
the UNDIP Reservoir. The diversity index
includes 2-3 medium-high categories. The
evenness index ranged from 0.54-0.90 and the
dominance index ranged from 0.05-0.17, which
means that no species dominates. Water quality
parameters showed a fairly good value in the
growth of diatoms. Dominated by periphytic taxa
such as Cyclotella meneghiniana, Brachysira
microcephala, and Achnanthidium minutissima
which are widely distributed and live at
temperatures of 20-30°C and pH >6.
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