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Abstract. Tagwim MHA, Mardiyanto MB, Wijayanti M, Wardha’adhlina WA, Putra YM, Mahajoeno E, Indrawan M, Yap CK, Setyawan
AD. 2025. Aquatic insect diversity and spatial distribution in a tropical reservoir ecosystem of Kedungombo, Central Java, Indonesia.
Intl J Bonorowo Wetlands 15: 40-48. Aquatic insects are essential components of freshwater ecosystems, functioning as bioindicators
and key players in trophic interactions. This study evaluated the species richness, spatial distribution, and ecological roles of aquatic and
semi-aquatic insects across three distinct habitat types—forested margins, rice field edges, and open unvegetated shores—within the
Kedungombo Reservoir, Central Java, Indonesia. Sampling was carried out during the dry season (September—October 2024) using
purposive random sampling and hand net techniques. A total of 16 species representing 4 insect orders and 13 families were identified,
with dominant taxa including Culex tritaeniorhynchus, Diplonychus rusticus, Paederus fuscipes, and Chironomus striatipennis. Species
richness and diversity indices (Shannon—Wiener, Pielou’s evenness, and Margalef’s richness) varied significantly across habitats, with
the rice field edge (Station 2) exhibiting the highest diversity. Predatory insects were the most prevalent functional group, followed by
detritivores and generalist omnivores. Several species showed station-specific occurrence, suggesting narrow habitat preferences and
potential as ecological indicators. The open shoreline habitat had the lowest richness and was dominated by disturbance-tolerant taxa,
while shaded and vegetated zones supported more diverse and specialized assemblages. These findings underscore the ecological
significance of microhabitat heterogeneity in maintaining aquatic insect communities within artificial lentic systems. Conservation and
management strategies for tropical reservoirs should prioritize habitat complexity and buffer zones to sustain insect-mediated ecosystem
functions under increasing anthropogenic pressures.
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INTRODUCTION

Aquatic insects represent a significant component of
freshwater biodiversity and are widely recognized for their
ecological roles in trophic dynamics, organic matter
decomposition, and water quality monitoring (Williams
and Williams 2017; Parr et al. 2019). They occupy diverse
niches across aquatic habitats, from temporary puddles to
large reservoirs, and display varying degrees of tolerance to
environmental changes (Choudhury and Gupta 2017; Zhao
et al. 2021). Because of their sensitivity to habitat
alteration, aquatic insects are often used as bioindicators to
assess ecological integrity in both lotic and lentic systems
(Mahmoud et al. 2022). Understanding the structure and
distribution of aquatic insect communities is crucial for
tracking ecosystem health and detecting anthropogenic
pressures in tropical freshwater environments.

Reservoirs in Southeast Asia, particularly those
embedded in rural or semi-urban landscapes, serve as
multifunctional ecosystems that support fisheries,
agriculture, tourism, and water supply. In Indonesia, large

man-made reservoirs such as Kedungombo represent vital
resources for regional development, yet are often subjected
to multiple stressors including land-use changes,
eutrophication, and pollutant inputs (Makmur et al. 2017).
While reservoir-based aquatic ecology has gained
increasing attention, the insect communities in such
systems  remain  underrepresented in  ecological
assessments. Aquatic insects in reservoirs may differ
markedly in diversity and distribution compared to rivers or
ponds due to spatial heterogeneity in hydrology,
vegetation, and human activity (Zheng et al. 2021).

Located in Central Java, Indonesia, Kedungombo Reservoir
spans approximately 6,576 hectares and intersects three
administrative regions—Boyolali, Sragen, and Grobogan
(Ariyani et al. 2020). It comprises varied microhabitats
including forested edges, agricultural runoff zones, and
unvegetated margins that influence aquatic insect
assemblages through nutrient input, substrate complexity,
and vegetation cover (Popoola and Otalekor 2011). Such
environmental variability presents an opportunity to
examine how aquatic insect diversity responds to
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contrasting habitat conditions within a single lentic system.
Yet, baseline data on the entomofauna of Kedungombo is
scarce, limiting its use for long-term ecological monitoring
or reservoir management planning.

Recent studies from tropical Asia have shown that
orders such as Odonata, Hemiptera, and Coleoptera are
dominant in freshwater ecosystems and display habitat-
specific patterns (Letsch et al. 2016). Odonates, in
particular, are known for their dual life cycle and
sensitivity to water quality and vegetation structure,
making them effective indicators of semi-natural aquatic
habitats (lhamdi et al. 2021). Hemipterans such as
Limnogonus fossarum and coreids are common in slow-
moving or still waters, while coleopterans like Paederus
spp. are adapted to humid microhabitats and often function
as predators (Li et al. 2017). Incorporating multiple insect
orders enhances the representativeness of aquatic surveys
and allows for more nuanced ecological interpretation.

Despite the ecological and bioindicator value of aquatic
insects, their assemblages in Indonesian reservoirs remain
poorly documented. Most entomological studies have
concentrated on rivers (Atmowidi et al. 2022) or rice field
agroecosystems (Wakhid et al. 2020), leaving large
impoundments relatively unexplored. This gap hampers the
development of regionally tailored biodiversity indices and
undermines the integration of insect-based monitoring into
freshwater management. Assessing aquatic insect diversity
in reservoirs is particularly relevant under the current
pressures of climate change, hydrological alteration, and
agricultural intensification in Java.

This study aims to assess the species richness, taxonomic
composition, and spatial distribution of aquatic insects in
Kedungombo Reservoir by comparing three contrasting
habitat types: forested margins, rice-field interfaces, and
unvegetated open water zones. Using standard sampling
techniques and diversity indices, this study provides a
foundational dataset on aquatic entomofauna in one of
Central Java’s largest reservoirs. The findings are expected
to inform conservation planning, ecological monitoring,

and future studies on freshwater biodiversity in tropical
lentic environments. Additionally, the study contributes to
the broader goal of enhancing insect-based indicators for
water quality assessment in Indonesia’s rapidly changing
inland aquatic ecosystems.

MATERIALS AND METHODS

Study area

The study was conducted at Kedungombo Reservoir, a
large artificial reservoir located in Central Java, Indonesia
(Figure 1). It spans the administrative regions of Boyolali,
Sragen, and Grobogan Districts. The reservoir covers a
total area of approximately 6,576 hectares, consisting of
2,830 hectares of open water and the remainder being
terrestrial zones. Kedungombo plays a multifunctional role,
including water storage for irrigation, flood control,
aquaculture, and domestic use. It also serves as an
important artificial freshwater ecosystem supporting a wide
range of aquatic biodiversity.

Three distinct habitat types were selected for this study
to represent different environmental conditions and land-
use interfaces (Table 1). Station 1 was located along a
forested margin with dense riparian vegetation and partial
canopy cover, providing a shaded and relatively stable
microhabitat. Station 2 bordered active rice fields and was
characterized by semi-aquatic vegetation and seasonal
agricultural runoff. Station 3 was an open, unvegetated
shoreline exposed to direct sunlight and fluctuating water
levels, typical of disturbed littoral zones.

The ecological differences among these stations
allowed the researchers to evaluate the influence of habitat
heterogeneity on the composition and distribution of
aquatic and semi-aquatic insect communities. Site selection
was also influenced by accessibility and safety during the
sampling period.
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Figure 1. Map of the study area at Kedungombo Reservoir, Boyolali District, Central Java, Indonesia
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Sampling design

A purposive random sampling approach was employed
to capture aquatic insect diversity across distinct habitat
types within the reservoir. The method allowed for targeted
site selection based on ecological characteristics while
maintaining unbiased insect collection within each station.
Sampling was conducted three times during the dry season
(September to October 2024), with an interval of approximately
10-15 days between each sampling event, to account for
short-term variability and improve the representativeness of
insect community data across habitat types.

At each station, three plots of approximately 50 m? were
established as active observation areas, each spaced 50-100
meters apart to capture spatial heterogeneity within the
habitat. Insects were collected using hand nets (sweep nets)
and, where appropriate, with the aid of small aspirator
bottles for smaller or surface-dwelling individuals. Each
plot was observed for approximately 30 minutes during two
time windows—morning (07:00-10:00) and late afternoon
(15:30-17:30)—to account for diel variation in insect
presence and behavior (Table 2).

All collected specimens were handled carefully to
preserve morphological features crucial for taxonomic
identification. Each insect was placed in a labeled plastic
vial and photographed on-site using a high-resolution
digital camera. Specimens were temporarily preserved in
70% ethanol for subsequent laboratory identification and
documentation.

Specimen collection and identification

All insect specimens observed or captured during field
sampling were documented systematically for taxonomic
identification. Collection included both aquatic and semi-
aquatic forms that interacted directly with the reservoir
environment, such as those found on the water surface,

among vegetation, or along the margins. Photographic
documentation was performed in situ using a digital camera
equipped with macro settings to capture detailed images of
critical morphological traits such as antennae, wings, and
body segmentation.

Specimens that could not be identified in the field were
preserved in labeled vials containing 70% ethanol and
brought to the laboratory for further examination.
Taxonomic identification was conducted using standard
morphological keys and field guides, including Merritt et
al. (1996), Borror et al. (2005), and Abowei and Ukoroije
(2012). For species-level identification, only individuals
with complete and intact diagnostic features were
considered. Some taxa were identified only to the genus
level due to incomplete morphological characteristics or
the lack of comprehensive regional keys, particularly for
small or cryptic taxa.

Scientific names were cross-checked for validity and
accuracy using international taxonomic databases, namely
the Global Biodiversity Information Facility (GBIF,
https://www.gbif.org), Catalogue of Life
(https:/www.catalogueoflife.org), and Integrated Taxonomic
Information System (ITIS, https://www.itis.gov). These
databases ensured consistency in nomenclature and
distributional data.

Data analysis

Data collected from each station were analyzed to
assess aquatic insect community structure based on species
richness, diversity, and evenness (Table 3). Three
ecological indices were employed: the Shannon—Wiener
diversity index (H'), Pielou’s evenness index (J'), and
Margalef’s species richness index (Dmg). These indices
were selected for their relevance in measuring species
composition and ecological balance in freshwater systems.

Table 1. Geographic coordinates and habitat descriptions of each sampling station

Station Coordinates Habitat type Habitat description

Station 1 7°16'13.10" S, 110°46'2.95" E Forested margin Vegetated shoreline with dense riparian vegetation and partial
canopy cover, providing shade and stable microclimate.

Station 2 7°16'12.93" S, 110°46'19.09" E Rice field edge Interface between reservoir and rice paddies, characterized by
semi-aquatic vegetation and influenced by agricultural runoff.

Station 3 7°16'8.89" S, 110°46'36.98" E Open unvegetated  Bare shoreline with minimal vegetation, exposed to direct

zone

sunlight and fluctuating water levels.

Table 2. Sampling time and collection methods at each observation station

Station Observation time (hr) Methods used Notes
1 3 (morning and afternoon) Hand net sweep, direct pick Shaded, rich vegetation cover
2 3 (morning and afternoon) Sweep net, aspirator Edge of rice fields, dense herbaceous cover
3 3 (morning and afternoon) Hand net, surface collection Open, unshaded, minimal vegetation

Table 3. Formulas and ecological interpretation of biodiversity indices used

Index Formula Ecological meaning
Shannon-Wiener (H') H'=-3(pi x In pi) Species diversity considering abundance and dominance
Pielou’s Evenness (J') J=H'/InS Uniformity of individual distribution across species

Margalef Richness (Dmg) Dmg=(S—1)/InN

Species richness relative to sample size
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The Shannon—Wiener index (H') was calculated using
the formula H' = =) (pi x In pi), where pi represents the
proportion of individuals belonging to the i-th species.
Higher H' values indicate greater diversity and lower
dominance by a single species. Pielou’s evenness index (J')
was computed as J'=H'/In S, where S is the total number
of species, reflecting how evenly individuals are distributed
across taxa. Margalef’s richness index (Dmg) was
calculated using Dmg = (S — 1)/In N, where S is the
number of species and N is the total number of individuals
observed.

Values from the three indices were compared across
stations to evaluate the ecological variability of each
habitat. Graphical visualizations and summary tables were
generated to highlight trends in diversity and to support the
interpretation of spatial patterns.

RESULTS AND DISCUSSION

Species richness and composition

A total of 16 species of aquatic and semi-aquatic insects
were recorded from three stations within the Kedungombo
Reservoir ecosystem (Table 4). These species belong to
four insect orders and 13 families, reflecting a moderate
level of taxonomic diversity (Figure 2). The highest species
richness was observed at Station 2 (rice field edge),
followed by Station 1 (forested margin), while Station 3
(open zone) had the lowest richness (Figure 3). This pattern
suggests that habitat complexity and vegetation cover may
influence the availability of microhabitats for different taxa
(Figure 4).

The species overlap among the three stations is
illustrated in the Venn diagram (Figure 4). Five species
were shared among at least two stations, while only two
species—Culex tritaeniorhynchus and Paederus fuscipes—
occurred in all three stations, indicating their broad
ecological tolerance. Station 2 shared more species with
Station 1 (four species) than with Station 3 (three species),
suggesting greater ecological similarity between the
forested margin and rice field edge compared to the open
zone. Several taxa, such as Diplonychus rusticus,
Hydrophilus sp., and Notonecta glauca, were exclusive to
Station 2, reinforcing the distinctiveness of this habitat.
These patterns of overlap highlight the role of habitat
complexity and vegetative cover in structuring aquatic
insect communities.

Across all stations, the most frequently encountered
species included C. tritaeniorhynchus, D. rusticus, P.
fuscipes, and Chironomus striatipennis. These taxa were
widely distributed and tolerant of a variety of
environmental conditions. Conversely, certain species such
as Hydrophilus sp., Laccotrephes robustus, N. glauca,
Coccinella transversalis, and Ranatra linearis were found
exclusively in a single station, indicating habitat specificity
or restricted range.

In terms of functional roles, the recorded insects
included predators (e.g., D. rusticus, L. robustus),
detritivores (e.g., C. striatipennis), herbivores, and
generalist scavengers. This functional diversity suggests

the presence of multiple trophic interactions within the
reservoir ecosystem. Additionally, several taxa, such as P.
fuscipes and Gerris sp., are known bioindicators of
environmental change and may serve as sentinel species for
monitoring reservoir health.

Distribution patterns across habitats

The distribution of aquatic and semi-aquatic insect
species varied markedly among the three habitat types
studied. Station 1, situated in a forested margin, supported
10 species and showed moderate levels of diversity. The
presence of shade-tolerant taxa such as Sceliphron
caementarium and Rhynocoris sp. suggests that certain
species are adapted to microclimatic stability and protected
edge zones. The combination of riparian vegetation and
canopy cover likely buffers environmental fluctuations,
supporting insects that rely on cooler, more humid
conditions and detrital inputs.

Station 2, located at the interface of the reservoir and
adjacent rice fields, exhibited the highest species richness
and abundance, with 12 of the 16 recorded species found in
this habitat. The structurally complex environment—
comprising dense semi-aquatic vegetation, shallow
stagnant waters, and nutrient input from agricultural
runoff—provides a mosaic of microhabitats that support a
wide range of aquatic and semi-aquatic insect taxa. Several
species showed strong habitat specificity in this site,
including D. rusticus, Hydrophilus sp., N. glauca, C.
transversalis, and R. linearis, which were not detected
elsewhere. These taxa likely depend on vegetated, low-
flow conditions and organic enrichment typical of agro-
reservoir margins. In contrast, widely distributed generalist
species such as C. tritaeniorhynchus and P. fuscipes were
present across all three stations, reflecting their ecological
plasticity and tolerance to a range of environmental
conditions.

Coleoptera
Diptera

25.0%

Hymenoptera

50.0%

Hemiptera

Figure 2. Proportional representation of insect orders across all
stations (n = 16 species)
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Table 4. Summary of aquatic and semi-aquatic insect specimens collected from each station

Order Family Species name Station 1 Station 2 Station 3 Total
Diptera Culicidae Culex tritaeniorhynchus (Giles, 1901) 4 8 5 17
Hemiptera Belostomatidae Diplonychus rusticus (Fabricius, 1871) 0 6 0 6
Coleoptera Staphylinidae Paederus fuscipes (Curtis, 1826) 2 4 2 8
Diptera Chironomidae Chironomus striatipennis (Kieffer, 1910) 3 5 1 9
Hemiptera Gerridae Gerris sp. 2 2 0 4
Hemiptera Notonectidae Notonecta glauca (Linnaeus, 1758) 0 3 0 3
Coleoptera Hydrophilidae Hydrophilus sp. 0 2 0 2
Hemiptera Nepidae Laccotrephes robustus (Stal, 1871) 1 0 0 1
Diptera Chironomidae Polypedilum sp. 0 1 1 2
Diptera Culicidae Anopheles vagus (Donitz, 1902) 1 0 2 3
Hymenoptera  Sphecidae Sceliphron caementarium (Drury, 1773) 1 1 1 3
Coleoptera Coccinellidae Coccinella transversalis (Fabricius, 1781) 0 1 0 1
Hemiptera Pyrrhocoridae Dysdercus cingulatus (Fabricius, 1775) 1 0 0 1
Hemiptera Corixidae Micronecta sp. 1 0 1 2
Hemiptera Nepidae Ranatra linearis (Linnaeus, 1758) 0 1 0 1
Hemiptera Reduviidae Rhynocoris sp. 1 1 0 2

Total 17 45 13 75
Note: Station 1: Forested margin, Station 2: Rice field edge, Station 3: Open unvegetated zone

Station 2

mmm Species Richness
w2 (ndividual Counts

Station 2

Station 1

Station 3

Figure 3. Bar chart showing species richness and individual
counts per station

Station 3, located along the open, unvegetated
shoreline, exhibited the lowest species richness, with only 7
of the 16 recorded species present. The exposed nature of
this habitat—characterized by direct sunlight, minimal
vegetation, and fluctuating water levels—creates harsh
abiotic conditions that limit aquatic insect diversity.
Species encountered at this site, such as Anopheles vagus,
Polypedilum sp., and Micronecta sp., are generally
recognized for their tolerance to disturbed, low-cover
environments. The absence of shade and submerged
structures reduces available refugia and breeding
substrates, favoring generalist or stress-tolerant taxa over
habitat specialists. These findings suggest that shoreline
simplification may reduce ecological complexity and affect
trophic dynamics at the reservoir margin.

Diversity indices
Diversity analysis using three ecological indices—
Shannon-Wiener (H'), Pielou’s Evenness (J'), and

Station 1

Station 3

Figure 4. Venn diagram illustrating species overlap among the
three sampling stations

Margalef’s Richness (Dmg)—revealed distinct patterns
among the three habitat types in Kedungombo Reservoir
(Table 5, Figure 5). Station 2 consistently showed the
highest values across all indices, reflecting its complex
habitat structure and diverse microenvironments.

The Shannon-Wiener index (H') was highest at Station
2 (2.42), followed by Station 1 (2.13), and lowest at Station
3 (1.78). This indicates that species diversity was greatest
where environmental conditions were moderate and
heterogeneous. Pielou’s evenness (J') showed similar
trends, with Station 2 reaching 0.91, suggesting a relatively
balanced distribution of individuals across species. The
lowest evenness value (0.75) was recorded at Station 3,
where a few species dominated the community.

Margalef’s richness index (Dmg) followed the same
order, with Station 2 (3.14) outperforming Station 1 (2.47)
and Station 3 (1.86). These results further emphasize the
ecological advantage provided by semi-natural agricultural
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interfaces, which appear to support higher insect richness
compared to both forested and barren littoral zones.

Dominant and indicator species

Analysis of species abundance revealed a small subset
of taxa that were dominant across multiple habitats. The
most abundant species overall was C. tritaeniorhynchus,
contributing 17 individuals and appearing in all three
stations, confirming its status as a generalist mosquito with
high ecological tolerance. Other widespread and relatively
abundant species included C. striatipennis (9 individuals)
and P. fuscipes (8 individuals), both of which are known to
thrive in nutrient-rich and disturbed aquatic environments
(Figure 6).

Station-specific dominance was also evident. At Station
2, D. rusticus showed a notably high abundance (6
individuals), reflecting its affinity for shallow, vegetated
waters adjacent to agricultural fields. Several other species,
such as Hydrophilus sp., N. glauca, C. transversalis, and R.
linearis, were also restricted to Station 2, albeit in low
numbers, indicating narrower ecological niches.
Meanwhile, L. robustus was found only in Station 1,
suggesting a preference for shaded, forested margins. This
pattern of occurrence underscores the role of habitat
heterogeneity in shaping insect distribution within the
reservoir.

Several taxa showed potential as indicator species for
specific habitat conditions. For example, N. glauca, a
backswimmer typically associated with calm and vegetated
waters, was found only in Station 2, aligning with its
known habitat preferences. Similarly, S. caementarium, a
mud-dauber wasp, occurred in all stations but only in low
numbers, suggesting a broader but low-density distribution
potentially linked to nesting substrate availability rather
than water quality.

The presence of Rhynocoris sp. and D. cingulatus in
shaded, less disturbed zones further support their value as
indicators of low-disturbance or edge habitats. These
patterns of dominance and specificity enhance the
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Figure 5. Bar chart comparing H', J', and Dmg values across the
three sampling stations

understanding of how insect assemblages respond to
microhabitat features within reservoir ecosystems.

Ecological roles and functional group composition

The aquatic and semi-aquatic insect community
recorded from the Kedungombo Reservoir consisted of
taxa occupying diverse ecological roles, including
predators, detritivores, herbivores, and omnivores (Figure
7). Predators were the most dominant functional group,
accounting for approximately 50% of the total species
recorded. Representative taxa include D. rusticus, N.
glauca, L. robustus, and Rhynocoris sp., all of which are
active hunters of aquatic larvae, small insects, or
zooplankton.

Detritivorous species such as C. striatipennis and
Polypedilum sp. were also frequently encountered,
particularly in Stations 2 and 3, where organic matter tends
to accumulate. Their presence reflects the productivity of
these habitats and the availability of sediment-based
resources. Herbivores and generalist feeders were less
common but included taxa such as Gerris sp. and D.
cingulatus, which may exploit periphyton or decaying plant
material along the water margin.

Omnivorous or facultatively scavenging species—such
as P. fuscipes and C. tritaeniorhynchus—were widespread
across habitats, demonstrating their adaptability and
tolerance to environmental fluctuations. The presence of
these functionally diverse groups suggests that the reservoir
supports a relatively complex trophic structure, even in its
simplified artificial state.

Table 5. Diversity indices (Shannon—Wiener, Pielou’s Evenness,
and Margalef’s Richness) for each sampling station

. , Margalef’s
Station ‘f,?e{;nerrm(?;,) Evz::::;; i ¥ Richness
(Dmg)
Station 1 2.13 0.84 2.47
Station 2 242 0.91 3.14
Station 3 1.78 0.75 1.86
5 17.5¢

Relative Abundance (Individual

Figure 6. Relative abundance of the top five
encountered species across all stations

most frequently
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Functional Groups
H Predators

=X Detritivores
I Herbivores
1 Omnivores

Figure 7. Functional group composition of aquatic and semi-
aquatic insect species recorded from all sampling stations

Discussion
Agquatic insect diversity in a tropical reservoir context

The recorded diversity of 16 aquatic and semi-aquatic
insect species across three habitat types in Kedungombo
Reservoir provides a valuable insight into the ecological
dynamics of tropical man-made freshwater ecosystems.
Although this number may seem modest compared to
natural riverine systems or wetlands, it aligns with diversity
levels reported in other tropical reservoir studies, where
environmental stability, water chemistry, and habitat
complexity often constrain community richness (Nguyen et
al. 2021).

The dominance of Diptera and Hemiptera, particularly
members of Culicidae, Chironomidae, and Nepidae, is
consistent with patterns observed in tropical standing
waters. Such taxa are typically adapted to lentic conditions,
high organic content, and shallow, sunlit environments that
are common in reservoir littoral zones (Yule and Yong
2004). Moreover, the co-occurrence of both predators (e.g.,
D. rusticus) and detritivores (e.g., C. striatipennis)
indicates a structured trophic web supported by diverse
resource inputs, particularly from shoreline vegetation and
agricultural runoff.

While some species like C. tritaeniorhynchus and P.
fuscipes showed wide distribution and numerical
dominance, the detection of rare or habitat-restricted taxa
such as L. robustus and D. cingulatus highlights the
importance of microhabitat variability within the reservoir
system. The presence of such taxa may be underreported in
large-scale surveys and points to the value of site-specific
sampling approaches for biodiversity assessment (Harvey
and Altermatt 2019).

In a broader ecological context, the species richness
observed here underscores the role of artificial reservoirs as
secondary refuges for insect biodiversity in increasingly
modified tropical landscapes. Although they cannot replace
the ecological functions of natural freshwater systems,
reservoirs like Kedungombo may provide essential
habitats—especially when managed with attention to edge
vegetation and pollutant control (Dias-Silva et al. 2021).
Thus, even low richness may still signify stable trophic
interactions under constrained conditions.

Habitat-specific patterns and environmental drivers

The contrasting species compositions observed among
the three stations reflect how microhabitat features
influence aquatic insect distribution within a reservoir
system. Station 2, which bordered rice fields, had the
highest species richness and diversity, likely due to a
combination of shallow water, abundant macrophytes, and
nutrient influx from agricultural runoff. These conditions
are known to support higher insect productivity by
increasing food availability and structural habitat
complexity (Merritt et al. 1996; Hoang et al. 2022).

In comparison, Station 1—situated along a forested
margin—supported moderately high diversity, dominated
by taxa that favor shaded and stable shoreline conditions,
such as S. caementarium and Rhynocoris sp. The presence
of canopy cover likely contributes to more stable thermal
and humidity conditions, while detritus input from forest
litter may enrich benthic substrates for detritivores. Such
interfaces between terrestrial vegetation and reservoir water
bodies act as critical transition zones that buffer
environmental extremes (Callisto et al. 2014).

Station 3, the open and unvegetated shoreline, showed
the lowest richness and functional diversity. Harsh abiotic
factors such as direct sunlight, fluctuating water levels, and
a lack of refugia likely limit insect colonization. This
habitat type appears to favor a few tolerant taxa such as A.
vagus and Polypedilum sp., both known to thrive in
disturbed, low-cover environments with  minimal
competition or predation pressure (Benetti and Hamada
2003).

The spatial segregation of taxa also suggests varying
sensitivity to habitat degradation. Species restricted to
vegetated or shaded zones may serve as early indicators of
habitat disturbance or shoreline alteration. In contrast,
widespread generalists may persist under a range of
environmental pressures but are less informative for
ecosystem health assessments.

Functional roles and trophic implications

The functional diversity observed among the aquatic
insect assemblages in Kedungombo Reservoir highlights
the complexity of trophic interactions even within an
artificial lentic system. Predatory taxa, including species
such as D. rusticus, N. glauca, and Rhynocoris sp.,
comprised approximately half of the total species recorded,
underscoring their role in regulating prey populations and
maintaining ecological balance (Dudgeon et al. 2006).
These predators exert top-down control, potentially
influencing the abundance of mosquito larvae and other
invertebrates, which is significant for ecosystem health and
vector management.

Detritivores, particularly dipterans like C. striatipennis
and Polypedilum sp., play a crucial role in the
decomposition of organic matter, facilitating nutrient
cycling within the reservoir. Their presence correlates with
organic-rich sediments and contributes to energy transfer
from detritus to higher trophic levels, including fish and
amphibians (Wallace and Webster 1996). Herbivorous and
omnivorous species, though less abundant, contribute to the
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regulation of primary production and scavenging activities,
supporting overall ecosystem resilience.

The coexistence of these functional groups reflects a
relatively balanced food web structure in Kedungombo
Reservoir despite anthropogenic pressures. However,
fluctuations in habitat conditions—such as nutrient loading
from agricultural runoff or physical disturbance of
shoreline  vegetation—may  disrupt these trophic
interactions, leading to shifts in community composition
and potential declines in biodiversity (Allan et al. 1997).

Understanding the functional roles of aquatic insects in
reservoirs provides insight into ecosystem processes that
underpin water quality, nutrient dynamics, and biological
control. Future management efforts should prioritize the
maintenance of habitat heterogeneity to support diverse
functional groups, thereby enhancing ecosystem services
and resilience.

Comparison with other tropical freshwater systems

The aquatic insect diversity and community patterns
observed in Kedungombo Reservoir are comparable to
those reported in other tropical freshwater ecosystems,
including natural lakes, wetlands, and reservoirs across
Southeast Asia. For instance, studies in reservoirs of
Malaysia and Thailand have documented similar
dominance of Diptera and Hemiptera, with species richness
ranging between 15 to 25 taxa per site (Yule and Yong
2004; Prommi et al. 2024). However, the total of 16 species
recorded in Kedungombo can be considered relatively
modest. Several factors may explain this. First,
Kedungombo is an artificial reservoir with dynamic water
level fluctuations, sparse submerged vegetation, and
significant human activity along its margins, all of which
can reduce habitat stability and limit the presence of
specialist taxa. Second, sedimentation and agricultural
runoff may lead to eutrophication and habitat
homogenization, favoring generalist and pollution-tolerant
species but suppressing sensitive groups (Benetti and
Hamada 2003; Dias-Silva et al. 2021).

In contrast, aquatic insect assemblages in Indonesian
natural lakes such as Rawa Pening and Lake Toba tend to
be richer, likely due to more stable hydrological regimes,
greater macrophyte diversity, and reduced physical
disturbance (Sinambela et al. 2023; Sutrisno and Handoko
2024). This aligns with broader ecological theory
suggesting that man-made impoundments often reduce
niche availability, trophic stratification, and spatial
complexity (Faghihinia et al. 2021).

Nevertheless, the functional composition observed in
Kedungombo—predator dominance alongside detritivore
presence—is consistent with patterns seen in tropical lentic
systems subject to moderate eutrophication and nutrient
influx. These functional groups may sustain simplified but
still ecologically meaningful food webs, even in disturbed
conditions (Dias-Silva et al. 2021). Comparative analyses
highlight the importance of habitat heterogeneity and water
quality management to conserve aquatic insect biodiversity
in tropical reservoirs. Conservation strategies implemented
in other Southeast Asian reservoirs, such as riparian buffer

restoration, macrophyte replanting, and agrochemical input
reduction, are equally applicable to Kedungombo.

Limitations and recommendations for future research

This study has several limitations that should be
addressed in future research. Firstly, the data were
collected during a single sampling event in the dry season,
limiting the ability to assess seasonal dynamics and
temporal variability of aquatic insect communities.
Seasonal fluctuations can significantly influence species
composition and abundance, especially in tropical
ecosystems with distinct wet and dry periods (Ramirez et
al. 2018). Secondly, the reliance on morphological
identification without molecular confirmation could lead to
taxonomic uncertainties, particularly for cryptic or closely
related species. Incorporating DNA barcoding and
molecular tools would enhance accuracy and allow for the
detection of hidden diversity.

Furthermore, abiotic parameters such as water
temperature, pH, dissolved oxygen, and nutrient
concentrations were not systematically measured during
sampling, restricting the ability to correlate environmental
variables with insect community patterns. Future studies
should integrate physicochemical assessments to better
understand habitat drivers. Expanding sampling frequency
to cover multiple seasons and including additional
microhabitats would provide a more comprehensive picture
of biodiversity and ecosystem health.

Lastly, despite the study’s focus on biodiversity
assessment, there is a need to link insect community data
with ecosystem services such as water purification, pest
regulation, and fisheries productivity. Such integrative
approaches will support reservoir management policies that
balance human use and conservation goals. The study
highlights the need to integrate aquatic insect indicators
into reservoir management plans, emphasizing the
conservation of vegetated shorelines to sustain biodiversity
and ecosystem function.

In conclusion, the present study provides a baseline
assessment of aquatic and semi-aquatic insect diversity and
distribution within the Kedungombo Reservoir, Central
Java, Indonesia. Our findings reveal that habitat
heterogeneity across forested margins, agricultural edges,
and open littoral zones significantly influences species
richness, community composition, and functional group
dynamics. The reservoir supports a moderate but
ecologically important assemblage dominated by Diptera,
Hemiptera, and Coleoptera, with a balance of predators,
detritivores, and generalists that contribute to ecosystem
functioning. The rice field interface habitat exhibited the
highest diversity and evenness, highlighting the role of
agricultural landscapes as transitional zones that can
sustain aquatic biodiversity when managed sustainably.
Conversely, unvegetated open shores displayed lower
diversity and were dominated by a few tolerant species,
underscoring the importance of vegetation structure in
maintaining healthy insect communities. This study
underscores the value of tropical reservoirs as
supplementary habitats for freshwater biodiversity in
human-modified landscapes. Continued monitoring and
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integrated management practices that preserve habitat
complexity and water quality are critical to sustaining these
insect communities and their associated ecological
services. These findings provide a basis for incorporating
insect-based indicators in reservoir biodiversity monitoring
and habitat management policies in tropical Southeast Asia.
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