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ARTICLE DETAILS ABSTRACT

Ephemeroptera nymphs are globally recognized for their sensitivity to decreased oxygen levels in aquatic
habitats, leading to their frequent use as biological indicators in various monitoring projects worldwide.
However, studies utilizing Ephemeroptera in Indonesia have remained largely unknown. This study aims to
document the use of Ephemeroptera as bioindicators for assessing surface water quality status in Indonesia.
This includes understanding their distribution and the types of surface water habitats that have been
investigated using this order as an indicator. There are 47 published papers utilizing Ephemeroptera as a
bioindicator for assessing surface water health in Indonesia which were gathered through Google Scholar.
Bioindicator studies utilizing Ephemeroptera in Indonesia have only emerged in the last decade. Currently,
research on Ephemeroptera as bioindicators for surface waters has predominantly focused on Java Island.
Regions on other islands remain relatively understudied, particularly in eastern Indonesia. River habitats
lead in the number of observed habitat types. With this knowledge, future research on utilizing
Ephemeroptera as bioindicators should prioritize areas beyond Java Island and focus on habitat types that
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have been less explored, including irrigation canals, paddy fields, waterfalls, wetlands, and springs.
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1. INTRODUCTION

The first appearance of insects in the Silurian and Devonian eras (345-405
million years ago) was not the same as the forms we see today (Lancaster
and Downes, 2013). The first ancestors of aquatic insects to appear
belonged to the order Ephemeroptera. As the earliest type to emerge,
Ephemeroptera continued to undergo radiation until various lineages
were formed. Along their journey, numerous lineages became extinct, and
the Ephemeroptera we recognize today only come from one lineage that
successfully survived (Lancaster and Downes, 2013). The radiation
process continued into the Permian period (250-280 million years ago),
marked by the appearance of the orders Plecoptera, Megaloptera,
Hemiptera, and Coleoptera. Ephemeroptera has a direct lineage from its
predecessors that lived in ancient times around the end of the
Carboniferous period or the beginning of the Permian, about 290 million
years ago (Barber-James et al., 2007). This order is often said to have a
close relationship (sister group) with the Order Odonata, based on unique
morphological features and phylogeny based on DNA (Wheeler et al.,
2001).

The order Ephemeroptera in English is known as Mayfly. In Indonesian, it
is sometimes called Lalat Capung or Lalat Sehari. Like scientific
nomenclature in general, its name is also derived from Greek: ephemeros,
meaning "lasting for a day," based on its adult phase, which has a relatively
very short lifespan. Some species are known to survive for several days,
but many of them only last for a few hours before eventually dying. Both
in their adult and larval stages, these insects are known as important
natural food sources for fish (Hoopes, 1960; Jacobus et al,, 2019). It's no
wonder that in the sport of fishing, this type is often used as artificial bait.

The larva of Ephemeroptera is called a nymph (Figure 1). Nymphs
generally have up to seven pairs of abdominal gills and three caudal
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filaments (tail filaments). The mouthparts will adapt to the type of food
gathering pattern: predators, collectors-gatherers, scrapers, collectors-
filterers. Some types are burrowers and have variations in the shape of
their mandibular tusks, substrate-weakening techniques, and legs that are
typically flattened for digging. These burrowing types usually also have
wider abdominal gills (resembling bird feathers) that can be folded against
the abdomen and can also be used to create currents in the burrows they
dig.

In their life cycle, the nymph stage becomes dominant, and during this
stage, they constantly live in aquatic environments for about less than one
to two years. This variation depends on the species and the climate of their
habitat (Sartori and Brittain, 2015). Species in temperate climates can
have a cycle of up to two years, but in tropical areas, they can produce
several generations in one year. During their growth, Ephemeroptera
nymphs undergo several molting processes, the number of which depends
on the species and external factors such as environmental temperature,
food availability, and current velocity (Sartori and Brittain, 2015).

A study conducted in 2007 that compiled information about the Order
Ephemeroptera (Barber-James et al.,, 2007) showed that this order has 42
families, 405 genera, and more than 3000 species. Recent publications
claim that the number of species in this order has exceeded 3700 species
(Jacobus et al., 2019). This number is expected to continue increasing with
the discovery of undocumented species, especially those in tropical areas.
Based on existing documentation, ecological areas located in the northern
hemisphere show higher species diversity than those in the southern
hemisphere (Barber-James et al., 2007). This is likely due to the fact that
species in the northern hemisphere (nearctic and palearctic) have been
extensively studied and well-documented in journals and scientific books,
especially those found in North America and Europe. Meanwhile, this
order has been less explored and researched in ecological areas located in
the southern hemisphere, such as in Central and South America, as well as
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Southeast Asia, including Indonesia.

Ephemeroptera nymphs are globally acknowledged for their
responsiveness to reduced oxygen levels in aquatic habitats, making them
frequently employed as biological indicators in numerous monitoring
projects (Menetrey at al., 2010). Ephemeroptera taxa have exhibited a
notable sensitivity to oxygen depletion, acidification, and a range of
contaminants, including metals, ammonia, and other chemicals, as
demonstrated in both observational and experimental studies (Lepori et
al,, 2003; Beketov, 2004; Curtean-Bandduc et al,, 2021). Over the years,
several Biological Indices, which incorporate mayflies as indicators, have
been developed to assess water quality (Bauernfeind and Moog, 2000; Jun
et al,, 2012). Following this, numerous biological methods for assessing
water quality in streams incorporate Ephemeroptera, such as the EPT
(Ephemeroptera, Plecoptera, and Trichoptera) taxa richness. These three
sensitive orders have been extensively utilized in the USA and European

countries (Hall Jr et al,, 2021; Timoner et al,, 2021). Ephemeroptera alone
offer additional advantages for monitoring purposes: they are highly
visible, relatively straightforward to sample, and are typically represented
by only a few species in such habitats, which simplifies identification
processes.

In numerous locations worldwide, Ephemeroptera are effectively utilized
for monitoring surface water quality. In Indonesia, the attention of
scientists in using aquatic insects, especially the order Ephemeroptera, as
aquatic environmental bioindicators, is relatively recent. Hence, it is not
precisely known how many studies have been conducted in Indonesia
regarding the use of Ephemeroptera. This study aims to document the
utilization of Ephemeroptera as bioindicators for assessing surface water
quality status in Indonesia. This involves understanding their distribution
and the types of surface water habitats that have been investigated using
this order as a bioindicator.
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Figure 1: Typical shapes of Ephemeroptera nymph (A. Baetidae, B. Caenidae, C. Ephemerellidae)

2. METHODOLOGY

Published studies utilizing Ephemeroptera as a bioindicator for assessing
surface water health in Indonesia were gathered through Google Scholar.
Keywords such as "ephemeroptera bioindicator Indonesia” and
"ephemeroptera bioassessment Indonesia” were used for the search.
Studies focusing on the discovery of new Ephemeroptera species were
excluded, as the aim was to concentrate solely on research utilizing
Ephemeroptera to evaluate the health of aquatic habitats in Indonesia. A
total of 47 relevant papers were identified through this search process.
These papers were then categorized based on their study locations and the
types of aquatic habitats examined. To visually represent the distribution
of Ephemeroptera studies across Indonesia, a map with proportional
circles was generated using the statistical program R (version 3.5.1: R Core
Team, 2019).

3. RESULTS

The findings from 47 published studies in Indonesia that have utilized the
Order Ephemeroptera as a bioindicator of aquatic environmental quality
indicates that published literature related to the topic of bioindicators
emerged since 2013, with research on macroinvertebrate diversity in the
Brantas River in East Java (Rahardjanto et al, 2013), and studies on
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ecological indices in tertiary irrigation channels in Malang District, East
Java (Kartikasari, 2013). As shown in Figure 2, the majority were
conducted in Java Island, led by studies in West Java, followed by East Java
and then Central Java. Sulawesi Island follows in second place, with the
most studies conducted in Southeast Sulawesi, including on Buton Island.
Distribution in Sulawesi is fairly even, with only West Sulawesi having no
studies conducted on this topic. In Sumatra Island as the largest island
located on the western side of Indonesian archipelago, the utilization of
the Order Ephemeroptera as a water quality bioindicator has been carried
out in North Sumatra, Aceh, and West Sumatra, while other areas in
Sumatra Island have not been studied regarding the use of the Order
Ephemeroptera.

In Kalimantan Island, as one of the largest islands located on the middle of
Indonesia archipelago, studies related to the utilization of the Order
Ephemeroptera have only been conducted in East and Central Kalimantan,
while other areas on this island have not been investigated.

Papua in eastern side on Indonesia archipelago, has only one study related
to the utilization of Ephemeroptera. Studies have also been conducted in
West Nusa Tenggara and small islands such as Bawean Island, located in
the Java Sea.

# of Studies
1

3
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Tenggara !y’

Nusa Tenggara Timur

Figure 2: Distribution of published study locations related to Ephemeroptera as bioindicator for surface water habitat in Indonesia
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Figure 3: The percentage of habitat types where Ephemeroptera was employed as bioindicator for assessing surface water quality in Indonesia

As shown in Figure 3, the majority of Ephemeroptera studies as
bioindicator for assessing surface water quality in Indonesia have been
conducted on river habitats, accounting for 72% of the total studies,
followed by lake habitats at 9%. Furthermore, irrigation channel habitats,
paddy (rice) fields, and waterfalls each accounted for 5%. The smallest
number of studies were conducted on spring habitats and wetlands, each
representing 2%.

4. DISCUSSION
4.1 Study Location Distribution

Based on the results of the review, in general, research on the use of
Ephemeroptera as bioindicator for water quality monitoring in Indonesian
waters has only been conducted in the last decade. Most studies are
concentrated on the island of Java. This is presumably because Java Island
is the location of the capital of Indonesia, Jakarta (although now officially
being relocated to a new Indonesia capital location in East Kalimantan)
and is a center of economic growth, including, scientific knowledge in
Indonesia. This assumption is further strengthened because in Java Island
itself, the West Java region, which is the closest to Jakarta, is the most
explored location. The high level of industrialization in Java Island has led
to several studies involving Ephemeroptera being studies that respond to
various cases of suspected water pollution due to anthropogenic activities
(Fadilah et al, 2017; Herawati et al., 2020). While some other studies
evaluate the water quality conditions in the upstream areas of rivers to
serve as a reference for the conditions in the downstream areas that are
relatively polluted (Rachman et al,, 2016; Chazanah et al., 2018).

Interestingly, the locations of macroinvertebrate research involving
Ephemeroptera for monitoring surface water bodies on Sulawesi Island is
relatively well distributed geographically. Several studies have been
conducted in Southeast Sulawesi, including on Buton Island. These
investigations served not only environmental monitoring purposes but
also aimed to identify reference aquatic macroinvertebrates, specifically
Ephemeroptera for assessing river health in the surrounding areas
(Nasaruddin et al., 2023). Additionally, the presence of mining activities
on Sulawesi Island, which pose potential water pollution risks, has
prompted several studies focusing on environmental water monitoring
involving Ephemeroptera (Hasriyanty et al.,, 2022; Kadim et al., 2022).

Research using Ephemeroptera in Sumatra Island is still limited to the
Aceh, North Sumatra, and West Sumatra regions. Most studies focus on
monitoring river waters due to various anthropogenic activities (Akbar et
al, 2018; Sudarso et al, 2021; Badjoeri and Samir, 2022). Similarly,
research conducted on Kalimantan Island is also limited, even with only
one study each recorded in East Kalimantan and Central Kalimantan. A
research project conducted in Central Kalimantan investigated the
Ephemeroptera community in low pH water of peat soil wetlands (Erniaty
et al, 2023). Meanwhile, Kalimantan Island is recognized for its high

biodiversity, yet a considerable portion of it remains unexplored. Looking
ahead, the island is poised to confront significant challenges due to the
relocation of Indonesia's capital to its eastern region, slated to commence
around mid-2024. Consequently, there's a forecasted surge in research
interest concerning the utilization of Ephemeroptera in this context.

Moreover, numerous studies focusing on monitoring the environmental
quality of surface water bodies using Ephemeroptera have been
undertaken in West Nusa Tenggara. Conversely, Papua Island, being the
largestisland in eastern Indonesia, has only one documented study related
to this subject.

Finally, the overall distribution overview of Ephemeroptera studies
(Figure 2) highlights a concentration of aquatic environmental
bioindicator research on Java Island. Hence, it's crucial for researchers
across different regions to acknowledge this trend when formulating
future research agendas.

4.2 Habitat Types

The review findings suggest that rivers are the most commonly studied
habitat type in bioindicator research utilizing Ephemeroptera. This finding
aligns with a global trend documenting that lotic systems were more
extensively explored compared to lentic systems concerning the use of
Ephemeroptera as bioindicators (Menetrey et al., 2010). Some studies on
rivers compare the water quality status along the river from upstream to
downstream (Kahirun et al, 2019; Utami and Fajar, 2022). While others
conduct inventories to establish the ideal Ephemeroptera community
conditions upstream for use as a reference (Dapas et al,, 2018; Wakhid et
al, 2021).

The second most studied location is lake habitats. Studies investigated the
water quality status of lakes in relation to the level of urbanization in the
surrounding areas, ranging from relatively low urbanization conditions in
rural areas to lakes surrounded by high anthropogenic activities in
intensive urban settings (Priawandiputra etal., 2018; Fadilah etal., 2017).

Furthermore, the proportion of research targeting irrigation canals, paddy
fields, waterfalls, wetlands, and springs as habitats is relatively small.
These aquatic habitats often receive insufficient attention, including for
environmental quality assessment, despite being crucial for supporting
various aquatic biota (Kartikasari, 2013; Wijayanti et al., 2016; Wakhid et
al,, 2020; Erniaty etal.,, 2023). Wetlands, for example, represent a potential
and highly biodiverse habitat type found in several regions in Indonesia,
such as Central and West Kalimantan (Giesen, 2000; Morrogh-Bernard et
al, 2003).

Finally, this review is expected to encourage further studies utilizing
Ephemeroptera as environmental water health bioindicator in Indonesia,
particularly in regions outside of Java Island, especially in the eastern part
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of Indonesia, including its smaller islands. Exploring unique habitat types
like irrigation canals, paddy fields, waterfalls, wetlands, and springs will
contribute to the knowledge of the presence of Ephemeroptera in various
aquatic environments.

CONCLUSION

In conclusion, bioindicator studies using Ephemeroptera in Indonesia
have only emerged in the last decade. Currently, research on
Ephemeroptera as bioindicators for surface waters has been
predominantly focused on Java Island. Regions on other islands remain
relatively understudied, particularly in eastern Indonesia. River habitats
lead in the number of observed habitat types. With this knowledge, future
research on utilizing Ephemeroptera as bioindicators should prioritize
areas beyond Java Island and focus on habitat types that have been less
explored, including irrigation canals, paddy fields, waterfalls, wetlands,
and springs.
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