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gﬁj{mg‘a’fm Stations and sampling points are determined using purposive sampling
Ciliopora method. Extraction is conducted using water ice treatment method. The
Copepoda meiofauna obtained from the sediment screening are then identified,
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dominance, diversity, and evenness. The results showed that the highest
meiofauna abundance index was 247,333 ind. m at the estuary of Progo
river station 1 at the time of the first pick-up. While the lowest meiofauna
abundance was 13,333 ind. m at station 2 of Opak river estuary during
the first take. The dominance at the estuaries of Progo and Opak rivers is
in the moderate category. The meiofauna diversity in both river estuaries
is categorized as low to moderate. Evenness in both estuaries is uneven
at several stations. The meiofauna diversity at the estuaries of Progo and
Opak rivers is low to moderate, although the water quality still meets the
quality standards.
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1. Introduction

River estuary is the transition area of clear water and sea water. When flood happens, an estuary
functions to flow river water discharge to the sea. However, in the event of tide, when sea water
discharge is higher than river discharge, the estuary should be capable of passing such discharge
(Werdi & Eryani, 2020). An Estuary would accumulate incoming pollutants along the river flow area
(Fajri & Kasry, 2013). As a result, water quality in the estuary may decrease and may lead to other
environmental problems with more harmful effect to the health of environment.

Pollutants entering an estuary area are the results of human activities along river flow areas. Such
activities as rubbish throwing to rivers, and disposal of domestic, mining, agriculture, and fishery
wastes are some of the examples. World Bank's survey (2018) suggested that Yogyakarta is one of
the cities with largest amount of plastic wastes in the river flow area compared to other cities. The
highest percentage of waste in Yogyakarta consists of plastic wastes 23.8% and organic waste 60.9%.
Hence, the estuaries of Progo and Opak rivers, being the terminal points of all rivers flowing through
the Special Region of Yogyakarta, are highly susceptible to pollution which results in decreased
water quality.
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The potential of decreased water quality can be monitored using various methods. One of them is
the application of bioindicators. All living organisms such as plants, animals, and microorganisms
may be called bioindicators as long as they can be used to monitor the conditions of an ecosystem
(Parmar, et. al., 2016). The use of bioindicators to assess water quality in Opak River estuary has
been done by Lesnussa (2019) using phytoplanktons. The results show that the water condition of
Opak River estuary is polluted, ranging from low to moderate levels.

In addition to phytoplanktons, meiofauna can also be used as bioindicators. Meiofauna are
animals in the size of 63-1000 um (Giere, 2009). Zulkifli (2008) suggested that the use of meiofauna
as bioindicators was considered good in the assessment of environmental conditions. A number of
studies related to the use of meiofauna as bioindicators have been performed. A study by Gyedu-
Ababio (2011) suggested that the structure of Nematode community in Swartkops and Gamtoos river
estuaries in East Cape (South Africa) was affected by the existence of metals (Cu, Fe, Pb, Zn) and
organic carbons. Alves, et. al., (2013) added that the response of meiofauna was affected by the
gradient of estuary (such as dynamics and types of sediment, existence of oxygen, temperature, and
speed of flow) as well as by anthropogenic pressure (such as high density of local population,
existence of pier, and mining activities). However, the use of meiofauna as bioindicators in Progo
and Opak River estuaries has not been made. Based on these backgrounds, the study on the meiofauna
diversity in Progo and Opak River estuaries is expected to become supporting data in examining and
monitoring water quality of estuary area.

2. Method

This study is categorized as exploratory study conducted from October 2019 to January 2020 to
identify diversity of meiofauna in the estuaries of Progo and Opak Rivers Figture 1). In each estuary,
three stations are chosen using purposive sampling method with the following criteria: have up and
down tides zone, not far from the end of estuary, and can be accessed safely. Station I is the closest
to the sea, i.e. at the mouth of the estuary at 100 meter distance from the sea. The distance between
one station to the other is 200 meters. In each station, three sampling point are decided at the interval
of 1 meter between sampling points. Those three sampling points are in up and down tidal area and
are decided using purposive sampling method (Figure 2).

Fig. 1.Locations of sample taking points. Progo River Estuary (Left) and Opak River Estuary (Right).
(Source: GPX Virwer With Drive 2020)
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2.1. Taking of Sediment Samples

The taking of sediment samples was conducted from 05.00 to 07.00 WIB (West Indonesia Time)
on the consideration that such time would enable the observation of up and down tide area as well as
to minimize the effects of temperature on meiofauna. Sediment samples were taken using a corer.
The corer was inserted up to 20 cm into the sediment. Each taken sediment sample was immediately
put into a separate plastic bag, tightly tied, and labeled to avoid inter-changes. The samples in the
plastic bags were then put into a cooling box filled with ice blocks to keep the temperature cold so
that bacteria would not grow. The samples were then brought to the Laboratory of Ecology and
Systematics of UAD to be proceeded with extraction and identification. The assessment of
environmental parameters in this study was made according to Erliyanda, et. al. (2017). The
parameters assessed among others were temperature, salinity, levels of Dissolved Oxygen (DO), and
pH of river water around the sediment.

2.2. Extraction of Sediment

Meiofauna were extracted from the sediment samples in two phases. In the first phase, extraction
was conducted using water ice treatment method (Uhlig, et. al., 1973) (Gambar 3) with modification.
This method was aimed at macrofauna and sediment were screened. Ice blocks and estuary water
were used since meiofauna were affected by the changes in salinity levels, water flow passing the
sediment, and temperature. These factors cause meiofauna to actively move out from the sediment
and can be observed when they are still alive (Uhlig, et. al., 1973).

The tools for the first screening consisted of a PVC pipe and nylon mess with pore diameter of
1000 placed on a static stand. A Petri dish already filled with estuary water was placed under the
screen with the water surface touching part of the screen (Fig. 3). Once the screen was ready, the
sediment was slowly poured into the pipe. A lump of cotton was then placed on the sediment to
partition between the sediment and ice. The cotton was spread evenly in such a way that its melts
would distribute to all parts of the sediment. Ice blocks were broken down to the size of + 3 x 3 x 3
cm, spread over cotton, and let melt. Screened materials contained on Petri dishes (P1) and (P2) were
subsequently proceeded to the second extraction phase for another screening with lower limit screen
size 230 mesh (pore diameter 63 pm). The meiofauna captured in this second screening were then
transferred to new Petri dishes by way of pouring with aquadest.
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Fig. 3. Screening diagram of water ice treatment. I: Partition (cotton), NG: Nylon mesh 1000 um, P1: Petri

dish (diameter 9 cm), P2: Petri dish (diameter 15 cm), PT: PVC Pipe, S: Sediment, Sl: Ice blocks, SW:
Estuary 2ater, TH: Static stand (Uhlig, et. al., 1973)

2.3. Meiofauna Identification

Meiofauna samples were then examined, identified, and counted under a binocular microscope
for analysis. Identification was made based on the book entitled Identification to the Study of
Meiofauna (Higgins & Thiel 1988).

2.4. Data Analysis

Data on phylum and number of meiofauna were used to calculate indexes of abundance, Simpson
dominance, Shannon-Wiener evenness, and Shannon-Wiener diversity. The formulas applied for the
calculation are as follows:

Calculation of meiofauna abundance is calculated based on humber of individuals per unit of area.

O = E?:J_EC — E?:J_E or C= 1|}|}|iD>CRC _ 1DI}II:}>-<:1
1)
Description:
C : Abundance of meiofauna (ind. m-2)
ni or a : Number of individuals of i (ind)
Aorb : Coverage Area of corer conversion from cm2 to m2)

Calculation of dominance using Simpson dominance index with the following formula (Dhahiyat,
et al., 2003):

D =¥y (pi®)D = i, (pi®)
)
Description:
D : Simpson dominance index
Pi : ni/N
ni : number of genus individuals of i
N : total individuals in community
Criteria of dominance according to Faturohman, et. al. (2016)
0,00 < D < 0,30 : Low Dominance
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0,30 < D < 0,60 : Moderate Dominance
0,60 < D < 1,00 : High Dominance
Diversity Index of meiofauna is determined using Shannon-Wiener formula as follows (Zulkifli,

2008)'

3.

e mne mne ML
==-%" —111—)H’— (—111—)

Descrlptlon:

H’ : Shannon-Wiener Diversity Index

Ni : Number of phylum individuals of i

N :total individuals in community

Criteria of diversity Index according to Odum (1971) in Rinanda, et. al. (2016):
H <1 : Low diversity

1 <H’<3 :Moderate diversity

H >3 : High diversity
Shannon-Wiener index of evenness is determined using the following formula:
E= H"inksE = H"iﬁks
4
Description:
E > index of evenness
H’ . index of Shannon-Wiener diversity
H’ maks : total individuals in community

Criteria for index of evenness (E) according to Magurran (1998) in Ahlunnisa, et. al. (2016):
E close to 0: Distribution of individuals anong types is highly uneven
E close to 1: Distribution of individuals anong types is almost even/even

Findings and Discussion

3.1. Diversity of Meiofauna in Both Estuaries
Results of examination suggested that the highest abundance of meiofauna at 247,333 ind. m™

existed in Progo River Estuary at station 1 at the first take. Whereas, the lowest abundance of
meiofauna of 13,333 ind. m2 was found at station 2 in Opak River Estuary at the first take (Tabel 1).
Numbers of meiofauna individuals in Progo and Opak Rivers did not show significant difference
based on Man Whitney test.

Table 1. Data Analysis of Meiofauna in Progo and Opak River Estuaries

Progo River Estuary

First Take Second Take
- Station . Station

Analisis 1 S 33 Analysis S1 S 33

> Species 7 6 4 > Species 2 - -

> Individual 371 50 37 > Individual 28 - -

C 247.333 33.333 24.667 C 18.667 - -

D 0,28 0,42 0,44 D 0,59 - -

H’ 1,40 1,14 1,02 H’ 0,60 - -

E 0,72 0,55 0,37 E 0,43 - -

Opak River Estuary
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First Take Second Take
. Station . Station
Analisis s1 $2 s3 Analysis S1 52 33
> Species 7 4 5 > Species 4 - -
> Individual 134 20 113 > Individual 35 - -
C 89.333 13.333 75.333 o 23.333 - -
D 0,30 0,34 0,54 D 0,33 - -
H 1,43 1,22 0,97 H 1,20 - -
E 0,74 0,88 0,60 E 0,87 - -
a Description: C (index of abundance; D (index of dominance); H* (index of diversity; E (index of evenness

The number of meiofauna in Progo River Estuary is not significantly different from that of Opak
River Estuary. This may be related to the the fact that the characteristics of substrates in these two
stations are almost the same, i.e. sandy. Based on the examination, the type of sediments in Progo
and Opak River Estuaries are doninated by sand at Station 1 and 2. Sediment at Station 3 in Progo
River Estuary starts to mix with mud and had finer sand grains, whereas at Station 3 of Opak River
Estuary the sand grains are still coarse although they are in smaller size than the ones at Stations 1
and 2. Coarse sand grains are preferred by meiofauna mesobenthic (Giere, 2009). This is also
observed from the abundance of Copepoda dan Ciliophora found in Opak and Progo River Estuaries
(Table 2 and 3).

There is significant difference in the number of meiofauna individuals between the first and
second takes in each of the rivers based on Wilcoxon test. This is due to the fact that, in the second
take at Stations 2 and 3 in each of the Estuaries, no meiofauna individuals were found. The absence
of meiofauna in the second take may be caused by seasonal change from dry season to rainy season.
Rain in the upstream area has the potential to bring in pollutants from the land. Pollutants entering
waters may be harmful to the living organisms, including meiofauna (Yusal, et al., 2018; Elviana,
2014). The study by Elviana (2014) also suggested that there was no meiofauna at one of the
substations due to the pollutants.

Based on the examination, Stations 1 in both Estuaries are areas affected by sea waves. Sea waves
would stir sand sediment as the habitat of meiofauna and would cause circulation of organic and non-
organic materials. Such circulation may be beneficial to meiofauna, because the sediment would
always have nutrients and oxygen required by meiofauna. Station 2 in Progo River Estuary is also an
area affected by sea waves since it is perpendicular to the mouth of the estuary. However, the Station
2 of Opak River Estuary is not much affected by sea waves due to the winding shape of the river
flow Figure 1).

Station 3 in Opak River has different sediment characteristics from that of Progo River Estuary.
Based on examination, sand sediment at Station 3 of Opak River consists of small stones and a few
fine sands. This condition leads to larger sediment pores in Opak River Estuary. On the contrary,
sand sediment at Station 3 in Progo River Estuary consists of mixture of sand and mud resulting in
smaller sediment pores Figure 4). Due to such condition, there is a possibility that certain meiofauna
are abundant in this area.

Fig. 4. Substrate condition in both River Estuaries. A. Sediment at Progo Estuary Station (fine and muddyy);
B. Sediment at Station 3 of Opak River (coarse)
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Calculation of index of dominance (Table 1) reveals that most of the stations in both Estuaries
have value range of 0.30 < D <0.60. According to Dhahiyat, et. al. (2003), such value suggests that
the species dominance in Progo and Opak River Estuaries is at moderate level. This indicates that
there are some dominant taxa of meiofauna. Spot with the highest index of dominance was found at
Station 1 in the second take in Progo River Estuary at 0.59. The lowest index of dominance was
found at Station 1 in Progo River Estuary in the first take at 0.28. The high value of dominance in
Progo River Estuary at Station 1 in the second take is due to the discovery of only two types of
meiofauna, i.e. Ostracoda dan Turbellaria. Whereas, in the Progo River Estuary at Station 1 in the
first take, ten types of meiofauna were discovered (Table 2). The first take resulted in larger number
of meiofauna compared to the second take at the same station because the second take was made
during rainy season. Rain in the upstream area as well as along river flow area is potential to bring
pollutants from land area, so that only certain types of meiofauna survive resulting in relatively high
dominance index.

Indexes of meiofauna diversity in Opak and Progo River Estuaries (Table 1) suggest that the
diversity in these two estuaries varies from low to moderate. The lowest diversity value occurs in the
Progo Estuary at Station 3. Whereas, the highest diversity value exists in the Opak Estuary at Station
1. According to Ape, et. al., (2018) and Soltwedel (2000), several abiotic and biotic factors would
affect meiofauna diversity. Those factors include temperature and salinity. Kotwicki et al. (2014)
and Albuquerque, et. al. (2007) also mention that diversity is also affected by the surrounding
chemical and physical factors and especially in open and unstable environment such as in intertidal
zones.

Indexes of meiofauna evenness in Opak and Progo River Estuaries (Table 1) suggest that
meiofauna in both Estuaries are even at most stations. However, tnere are stations with uneven
distribution. These atations among others are Station 3 at the first take and station 1 at the second
take in Progo River Estuary. Such uneven distribution of meiofauna is probably caused by the
difference in substrate conditions at these two stations. This is supported by the discovery of the
number of individuals (Table 2).

Table 2. Comparison of meiofauna numbers in Progo River Estuary at the first take and second take

. Take
Taxa of Meiofauna First Second
Ciliophora 22 0
Copepoda sp.1 125 0
Copepoda sp.2 122 0
Copepoda sp.3 23 0
Copepoda sp.4 0
Nematoda 0
Oligochaeta 0
Ostracoda 128 8
Polychaeta 0 0
Turbellaria sp.1 23 20
Turbellaria sp.2 0
Turbellaria sp.3 0

Based on Table 2, the most type of meiofauna found in Progo River Estuary is Ostracoda dan
Copepoda. The Copepoda group were mostly found at station 1 at the first take. This is because
Copepoda is able to adapt to estuary environment with changing levels of salinity from unsalted
when river water discharge is high to high salinity when high tidal water reaches the estuary, and
vice versa. According to Walter and Boxshall (2021), Copepoda may live in relatively wide range of
habitats. They can live wherever as long as they are in water. Copepoda can also be found in clear
(unsalted) water, even in hypersaline water. With such ability, Copepoda are highly abundant in the
nature.
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The least meiofauna found were Nematode dan Oligochaeta. Such small amount of these
meiofauna may be caused by their adaptation to environmental changes. According to Traunspurger
(2009), distribution of Nematode is highly affected by oxygen level. Most Nematodes live in the
upper layer of sediment (< 5cm from surface) because this are is rich in oxygen. However, some
larger sized species are found in the deeper sediment layer. Nematodes would tend to dig deeper
when they are in flowing water area.

Table 3. Comparison of meiofauna numbers in Opak River Estuary at the first take and second take

. Opak Estuary
Taxa of Meiofauna -
First Second
Ciliophora 81 10
Copepoda sp.1 19 2
Copepoda sp.2 0 0
Copepoda sp.3 10 0
Copepoda sp.4 4 0
Nematoda 15 0
Oligochaeta 0 0
Ostracoda 64 16
Polychaeta 1 0
Turbellaria sp.1 50 7
Turbellaria sp.2 0 0
Turbellaria sp.3 23 0

Based on Table 3, the most meiofauna found in Opak River Estuary is Ciliophora with 81
individuals. Whereas the least meiofauna is Polychaeta with 1 individual. According to Yusal, et. al.
(2018), the high population of Ciliophora in Opak River is also caused by their ability to adapt to
pollutants entering the water. Whereas the low population of Polychaeta may be caused by
insufficient organic materials. Organic materials are nutrients for Polychaeta (Barus, et. al., 2019).
However, the sediment in Opak River Estuary which consists of small stones and a little fine sand
makes it unable to bond much organic materials (Barus, et. al., 2019). This subsequently results in
less nutrients for Polychaeta and ends up in smaller number of Polychaeta. Study by Dafforn, et. al.
(2013) also suggests that abundance of Polychaeta is affected by the existence of nutrients in the
water.

3.2. Environmental and Water Quality Parameters in Both River Estuaries

Assessment results of environmental parameters in Progo and Opak River Estuaries are shown in
Table 4.

Table 4. Environmental Parameters in Progo and Opak River Estuaries

Take No.
River First Second
Fstuary T(irg) " pH Sa('o}:;ty DO g‘;)g L ng;’ © pH Salinity (%) °° g?)g L
Progo 30-32 7 0 3,6-7,2 29 7 0-6 5,7-6,5
Average 30,67 7 0 5,33 29 7 2,67 6,07
Opak 24-28 7 4-34 4,5-55 28-29 7 0-1 5,2-6,2
Average 25,33 7 24 5,13 28,33 7 0,33 58
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Examination results of the environmental parameters in Table 4 show that the surface temperature
of Progo and Opak River Estuaries is the range of 25,33-30,66 °C. According to Zulkifli (2008), such
temperature is classified as normal and can provide optimum support for the life of meiofauna in
tropical regions. However, variation in temperature during sample taking can become one of the
factors in determining distribution of meiofauna. Giere (2009) describes that some types of
meiofauna have specific sensitivity towards temperature changes. They would move farther from or
closer to a spot to adapt to the ideal temperature.

Salinity in Progo River Estuary at the first take was 0 %o and rose to 0-6 %o at the second take.
Whereas, salinity at Opak River Estuary was 4-34 %o at the first take and lowered to 0-1%o at the
second take (Table 4). The increase of salinity in Progo River Estuary water might be caused by
geographical condition of the Estuary. In Progo River Estuary, the sea waves are perpendicular to
the mouth of Estuary so that the sea current entering the Estuary is stronger than the current from the
river flowing to the sea. This increases salinity of estuary water.

Decrease of salinity in Opak River Estuary might be caused by the rain in the upstream area.
During the second sample taking, water discharge in the upstream area was larger than the water
entering the river. The other factor might be the geographical condition of Opak River Estuary which
is semi-closed and winding in shape. The closed condition of the estuary is caused by the piling up
of shore sand in the mouth of estuary due to the accumulation of sand sediments both from the river
and the sea (longshore sedimen transport) (Wardhana, 2015). Due to this phenomenon, the substrate
at the mouth of estuary becomes taller and this prevents sea water from entering further into the river,
and hence salinity decreases.

Water pH values in Opak and Progo River Estuaries at the first and second takes were stable at
air neutral level (Table 4) even though there was possibe presence of pollutant. Study by Barus, et.
al., (2019) in Pulau Payung waters, South Sumatera also shows neutral pH although pollutants are
present. According to Giere (2009), survival of meiofauna is not affected by neutral pH. Low pH
values may affect meiofauna community. Ricketts, et. al. (2009) suggest that low pH values in water
may result in reduced number of individuals and diversity of meiofauna.

Dissolved Oxygen (DO) levels in water have significant effect on meiofauna. Presence of oxygen
affects the existence of meiofauna and their habitats. Most meiofauna organisms living in water base
(meiobenthic organism) require oxygen and wide surface area for their life. However, some species
prefer area with less or even without oxygen hypoxic) (Giere, 2009). As such, distribution pattern of
meiofauna may be related to the presence of oxygen in the sediment and water.

Based on field examination, DO level in Progo River Estuary is in the range of 3,6-7,2 mg L O,
in the first take and 5,7-6,5 mg L™ O in the second take. Whereas in the Opak River Estuary, the
DO level is in the range of 4,5-5,5 mg Lt O; in the first take and 5,2-6,2 mg L O in the second
take (Table 4). According to the Regulation by the Governor of Yogyakarta Special Region No. 20
of 2008, the oxygen levels in both rivers are classified as second class water quality standard, i.e. 5
mg L O, (Regional Body of Environmental Impact Control or Badan Pengendalian Dampak
Lingkungan Daerah, 2008). The results of Spearman Correlation Test between meiofauna
individuals, temperature, pH, salinity, and DO are presented in Table 5.

Table 5. Spearman Correlation Test between meiofauna individuals, temperature, pH, salinity, and

DO
No. of Temp. pH Salinity DO
Individual

Number of Correl_ation Cgefficient 1.000 -.082 . 424 -.643"
Individual Sig. (2-tailed) : 799 . .169 .024

N 12 12 12 12 12

Correlation Coefficient -.082 1.000 . -704" .200

Temp. Sig. (2-tailed) 799 . . 011 532

N 12 12 12 12 12

oH Correlation Coefficient
Sig. (2-tailed)
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N 12 12 12 12 12

Correlation Coefficient 424 -.704 . 1.000 -.236

Salinity Sig. (2-tailed) .169 .011 . . 459
N 12 12 12 12 12

Correlation Coefficient -.643" .200 . -.236 1.000

DO Sig. (2-tailed) .024 532 . 459 .
N 12 12 12 12 12
b *Correlation is significant at the 0.05 level (2-tailed)

Based on Table 5, it is found out that number of individuals is affected by DO (sign. <0,05).
Number of individuals is significantly correlated to DO (correlation coefficient of 0,61-0,80). In
addition, number of individuals decreases along with increase in DO (negative correlation). This may
be caused by the characteristics of meiofauna in both Estuaries which prefer areas with low oxygen
levels. Neira, et. al. (2001) mentioned that environment with low DO may be beneficial to meiofauna.
This is because predators and competitors for meiofauna are less prevalent in low oxygen condition.

4. Conclusion

Abundance of meiofauna was the highest at 247.333 ind. m-2 in Progo River Estuary at Station
linthe first take. Whereas the lowest abundance of 13.333 ind. m-2 was found at station 2 in Opak
River Estuary in the first take. Dominance in Progo and Opak River Estuary are in moderate level.
Diversities of meiofauna in both Estuaries are in low to moderate levels. Evenness in both Estuaries
is classified uneven in several stations. Assessment of environmental parameters such as the contents
of organic materials in the sediment is required to identify specific factors which cause abundance
of meiofauna. Further study is required to identify the characteristics of each taxa of meiofauna up
to the species level. Data on diversity of meiofauna may be used as one of bioindicators for the DO
level and the presence of organic matter pollutants in water.
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