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Abstract
Aquatic insects are commonly used as bioindicators of water quality in semi-natural and natural aquatic systems. 
However, such studies are still limited in urban environments in Cambodia. We investigated aquatic insect life and its 
relationship to water quality in fi ve ponds located on the grounds of the Royal University of Phnom Penh in Cambodia. 
A total of 7,350 individuals of aquatic insects belonging to 23 families and six orders were collected and identifi ed 
to family level. Hemiptera (mostly Micronectidae) were most abundant in our samples overall whereas Ephemerop-
tera and Lepidoptera were the least abundant. Taxonomic richness, abundance and Shannon-Wiener’s diversity values 
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Introduction
Aquatic insects (animals without an internal skeleton) 
are an ecological and polyphyletic group of arthropods 
which live or spend part of their life cycle in water 
(Pennak, 1978; Arimoro & Ikomi, 2008). Some species 
are entirely aquatic whereas others are semi-aquatic, and 
they collectively comprise 12 orders and approximately 
100,000 species in total (Dijkstra et al., 2014). Aquatic 
insects are important in aquatic systems because they 
play major roles as consumers, detritivores, predators 
and/or pollinators (Balian et al., 2008).

 Aquatic insects are commonly used as indicators of 
water quality in lentic and lotic systems because changes 
in the physical and chemical properties of water can 
strongly infl uence their presence and abundance (Uherek 
& Pinto, 2014). As such, their diff ering levels of tolerance 
to the amount and type of pollution can indicate diff erent 
water quality classes (Cairns & Pratt , 1993; Kamsia et al., 
2008). For example, the presence of most species in the 
orders Ephemeroptera, Plecoptera, and Trichoptera can 
indicate good water quality (Sor et al., 2017), because 
most of these taxa are sensitive to poor water quality and 
thus often occur in pollution-free systems (Bonada et al., 
2006; Merritt  & Cummins, 2008; Hamid & Rawi, 2011). On 
the other hand, some species belonging to the Odonata 
and Diptera orders can tolerate moderate to extremely 
polluted waters, respectively (Merritt  & Cummins, 2008; 
Al-Shami et al., 2010; Hepp et al., 2013).

 Anthropogenic activities such as releases of sewage, 
industrial and household water, coupled with run-off  
from agriculture and mining activities have reached a 
critical level in many aquatic systems in Asia (Prommi & 
Payakka, 2015; IPBES, 2018). As such, most waterbodies 
in the region are experiencing increasing pollution loads 
which are undoubtedly altering their physical-chemical 
properties e.g., temperature, dissolved oxygen, pH, 
conductivity, alkalinity, phosphates, nitrates, turbidity, 
and metal concentrations (Prommi & Payakka, 2015). 
Variations in these properties can greatly infl uence the 
distribution of aquatic insects because some taxa are 

highly sensitive to pollution and environmental distur-
bance, whereas others are moderately to highly tolerant 
(Hepp et al., 2013).

 The diversity of aquatic insects in Cambodia and their 
relationships to water quality in urban aquatic systems is 
poorly studied to the best of our knowledge. We there-
fore aimed to investigate this in a well-known area of 
Phnom Penh, namely at the Royal University of Phnom 
Penh (RUPP). Specifi cally, we aimed to i) determine how 
diverse aquatic insects are in ponds at the RUPP, ii) iden-
tify which ponds are more or less vulnerable to pollu-
tion and consequently support a higher or lower aquatic 
insect diversity, and iii) quantify the relationship between 
aquatic insect diversity and specifi c water quality vari-
ables. We consequently provide baseline data regarding 
aquatic insect diversity and surface water quality at the 
Royal University of Phnom Penh.

Methods

Study area

Our study was carried out at fi ve ponds located on the 
grounds of the RUPP which encompasses approximately 
21 ha in Sangkat Teklark 1, Khan Toul Kork, Phnom Penh 
(between 11°34.0’N,104°53.3’E and 11°34.3’N, 104°53.6’E)  
(Fig. 1). The ponds at the RUPP provide a water source 
for aquatic organisms and valuable cultural services to 
the public and whereas some ponds receive wastewaters, 
others do not. We assumed these diff erences would likely 
infl uence the aquatic communities present.

 Our fi rst study pond (P1, Fig. 1) occupied the south-
west corner of the RUPP grounds. Its waters were 
moderately clear during our study and surrounded by 
trees. Our second study pond (P2) was located in the 
southeast portion of the RUPP, in front of the Institute 
of Foreign Languages. Aquatic vegetation was more 
abundant within the pond and its waters were rather 
clear and clean. Our third study pond (P3) was situated 
in the northeast corner of the RUPP and surrounded by 

diff ered signifi cantly between our study ponds. Two ponds (P2 and P4) located in the southeast portion of the univer-
sity were found to support the highest taxonomic richness and diversity, which was likely due to bett er water quality 
and greater aquatic vegetation. The least diverse study pond (P5) had rather polluted water and was dominated by 
members of the Micronectidae and Chironomidae which are more tolerant to pollution. Regression analysis showed 
that aquatic insect richness and abundance were positively associated with dissolved oxygen levels, but negatively 
associated with water turbidity. We recommend that restoration eff orts be undertaken to improve the water quality of 
the most polluted of our study ponds to enhance their aquatic life.

Keywords Invertebrate diversity, Diptera, dissolved oxygen, Hemiptera, Ephemeroptera, water turbidity.
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only a few trees. The pond had limited aquatic vegetation 
and its waters were dark-green, moderately turbid and 
pungent, with much plastic waste present. Our fourth 
study pond (P4) was located in front of the Cambodia-
Japan Cooperation Centre in the southeast corner of 
the RUPP grounds. This appeared to be rich in aquatic 
vegetation, with clear waters. Our fi nal study pond (P5) 
was located next to the Cambodia-Korea Cooperation 
Centre in the central-west portion of the RUPP. Aquatic 
and riparian vegetation were limited at the pond and 
its waters were turbid because the pond receives waste-
water from the surrounding area. 

Sampling design and data collection

Our sampling was undertaken between 18–20 January 
2019. Four samples were obtained from diff erent loca-
tions in each pond, providing a study total of 20 samples. 

 Aquatic insects were sampled at each location using 
an aquatic hand-net, which had an opening that meas-
ured 30 x 30 cm, a length (or depth) of 92 cm and a mesh 
size of 1 mm. This was used to collect aquatic insects near 
the shoreline for a total of 30 minutes at each pond. While 
this sampling method is biased towards natatonic and 
neustic organisms, it can also sample opportunistically 
benthic insects such as Chironomidae and was standard-
ised at each pond.  

 Following collection, insects were placed on a white 
tray and rinsed with water for sorting and screening. 
These were then transferred with forceps into labelled 

containers containing 75% ethanol. Large insects were 
sorted by naked eye, whereas smaller individuals were 
sorted using a dissecting microscope (Olympus SZ61). 
The sorted material was later identifi ed to family level 
using keys provided by Dudgeon (1999), Yule & Yong 
Hoi (2004) and Burnhill (2006).

 Several water quality variables were measured at each 
sampling location using a HI-7609829 Multiparameter 
Portable Water Quality Meter (Hanna Instruments Ltd., 
Bedfordshire, UK). These included pH, water tempera-
ture, dissolved oxygen, electrical conductivity, turbidity, 
and total dissolved solids. All measurements were made 
between 0.1–0.5 m in water depth, after sampling for 
aquatic insects.

Data analysis

We calculated taxonomic richness (=the number of taxa), 
abundance (=the number of individuals), and Shannon-
Wiener’s diversity index (H) values for each sampling 
location and pond (Hamid & Rawi, 2017; Sor et al., 2017). 
We also quantifi ed the total number of individuals per 
taxon. As a non-parametric distribution was assumed 
due to the small sample size for each pond, Kruskal-
Wallis tests were employed to test for signifi cant diff er-
ences in the taxonomic richness, abundance and diversity 
values between the ponds.

 To assess relationships, these community metrics 
were regressed against our water quality data, which 
were normalized using the zero minimum (Sor et al., 

Fig. 1 Location of fi ve study ponds (P1–P5) on the grounds of the                                                                                                  
Royal University of Phnom Penh (© RUPP Faculty of Engineering).
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2017). An overall multiple linear regression was fi rst 
employed to this end. All water quality variables that 
proved signifi cant in these tests were then individually 
tested again against the community metrics using either 
simple or multiple regression. Values of P<0.05 were 
considered signifi cant in all tests and all analyses were 
performed in the R statistical environment (R Core Team, 
2018).

Results

Overall diversity

We collected and identifi ed a total of 7,350 individuals 
arranged in 23 families and six orders (Annex 1).  The 
most diverse and abundant order in our study material 
was Hemiptera with eight families: Micronectidae (5,676 
individuals), Notonectidae (216), Vellidae (208), Nepidae 
(132), Belostomatidae (108), Gerridae (52), Hydro-
metridae (28), and Pleidae (1). This was followed by 
Odonata with fi ve families: Coenagrionidae (98), Proto-
neuridae (77), Libellulidae (73), Corduliidae (1), and 
Gomphidae (1). The order Coleoptera was represented 
by members of the Hydrophilidae (75), Hydroscaphidae 
(67), Dytiscidae (1), and Gyrinidae (1), whereas the order 
Diptera was represented by members of the Chirono-
midae (573), Culicidae (85), Stratiomyidae (39), and 
Tabanidae (3). Ephemeroptera and Lepidoptera were 
the least abundant orders and represented by members 
of the Baetidae (10) and Crambidae (5), respectively. 
The taxonomic richness, abundance and diversity of our 
study material is summarised along with water quality 
variables in Table 1.

Aquatic insect diversity between ponds

The aquatic insect communities of our study ponds 
diff ered signifi cantly in taxonomic richness (H=9.67, 
P=0.046), abundance (H= 11.53, P=0.021) and diversity 
(H=11.54, P=0.021) (Fig. 2). 

 Study ponds 2 and 4 had the greatest values for 
taxonomic richness (11.5±1.7 and 10.8±2.7 respectively), 
followed by pond 5 (8±2.7), pond 1 (7.3±3.8), and fi nally, 
pond 3 (4.8±2.9). With respect to abundance, pond 5 had 
the greatest number of individuals (1,600±2,087), followed 
by pond 4 (80±28), pond 2 (71±27), pond 1 (52±28), and 
fi nally, pond 3 (36±41). In terms of diversity, study ponds 
2 and 4 again showed the greatest values (with a mean H 
value of 1.94±0.21 and 1.87±0.47 respectively), followed 
by pond 1 (1.46±0.44), pond 3 (0.88±0.79), and fi nally, 
pond 5 (0.77±0.55). 

Relationship between aquatic insects and water quality

Our metrics for aquatic insects were signifi cantly asso-
ciated with just two water quality variables: turbidity 
and dissolved oxygen (Table 2). Taxonomic richness and 
abundance were negatively associated with turbidity, 
whereas taxonomic richness was signifi cantly and posi-
tively associated with dissolved oxygen (Fig. 3, Table 2).

Discussion
Our study appears to be the fi rst report on aquatic insects 
in urban areas in Cambodia. However, as we were only 
able to identify insect taxa to family level, the species 
diversity and composition of our study sites remains 

Variable/Metric (unit) Minimum Maximum Mean Standard deviation

Temperature (°C) 28.4 31.2 29.7 0.9

Dissolved oxygen (%) 39.2 177.5 82.8 39.8

Electrical conductivity (mS/m) 78 526 292.9 161.5

Turbidity (FNU) 8.7 116 44.6 33.0

pH 7.5 9.3 8.2 0.6

Total dissolved solids (mg/L) 39 263 146.6 80.7

Taxonomic richness (taxa/sample) 1 14 8.5 3.6

Abundance (individuals/sample) 9 4684 367.5 1043.2

Shannon-Weiner diversity (H) 0 2.3 1.4 0.7

Table 1 Summary of water quality values and community metrics recorded at fi ve study ponds in the grounds of the Royal 
University of Phnom Penh.
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unknown. Although only 23 families arranged in six 
orders were documented, our study nonetheless contrib-
utes to knowledge of aquatic insects in urban areas in 
Cambodia. Relatively few studies have been conducted 
on aquatic insects in the country to date (e.g., Kosterin & 
Chartier, 2014; Kosterin, 2015a, 2015b; Zett el et al., 2017; 
Freitag et al., 2018) and fewer still have investigated the 
relationship between these and water quality and other 
environmental variables (e.g., Sor et al., 2017, 2018).

 Among the 12 orders of aquatic insects, Hemiptera 
and Diptera have been reported as most abundant in 
lentic (still water) systems, whereas Ephemeroptera, 
Plecoptera, and Trichoptera are the least abundant 
(Balian et al., 2008). Our results are consistent with this 
fi nding as Hemiptera was the most commonly found 
order. This is likely because hemipterans can tolerate low 
concentrations of dissolved oxygen and high turbidity 
because various families in the order have diff erent 
methods of replenishing air stores, including plastron 
respiration (Kurzatkowska, 2003; Chen et al., 2015). This 
may explain why Micronectidae was the most abundant 
family in study pond 5, which had turbid and polluted 
waters. Similarly, the paucity of Ephemeroptera in our 
study likely refl ects the fact that most taxa in the order 
prefer unpolluted waters and running waters (Collier & 
Lill, 2008; Sor, 2017; Sor et al., 2017).

 We found that study ponds 2 and 4 in the southeast 
portion of the RUPP grounds supported the highest taxo-
nomic richness and diversity values for aquatic insects 
(Fig. 2). This may be because both ponds are charac-
terised by diverse aquatic vegetation (including algae, 
water lilies, and water grass) and surrounding trees 
that provide good conditions for shelter and foraging 
and refuges from predators (Andersson, 2014). Many 

aquatic insect taxa thrive in undisturbed habitats (Mohd 
et al., 2012) and changes in habitat quality (e.g., substrate 
composition, water quality, and physical conditions) 
can substantially infl uence their diversity. Study pond 1 
supported comparatively lower diversity, which could be 
partly due to the reduced amount of aquatic vegetation 
present, whereas ponds 3 and 5 had the lowest diversity 
scores of all. The latt er may be due to the fact that these 
ponds function as reservoirs which receive wastewater 

Fig. 2 Box and whisker plots of values for Shannon-Wiener’s 
diversity (H), abundance, and taxonomic richness of aquatic 
insects in fi ve study ponds. Rectangles show the fi rst and 
third quartiles, dark bars represent medians, whereas the 
lower and upper ends of vertical lines represent minimum 
and maximum values and dots represent outliers.

Linear models Co-effi  cient Adjusted R2 F statistic P value

Simple*

Taxonomic richness ~ turbidity -7.22 0.355 11.46 0.003

Abundance ~ turbidity 0.13 -0.546 0.02 0.901

Abundance ~ dissolved oxygen 2.58 0.161 4.64 0.045

Multiple (abundance ~ turbidity + dissolved oxygen)* - 0.49 10.17 0.001

~ Turbidity -4.68 - - -

~ Dissolved oxygen 6.33 - - -

Table 2 Linear regression models of community metrics and water quality variables recorded at the Royal University of Phnom 
Penh. Asterisks indicate that only variables that had signifi cant relationships with community metrics (in overall multiple 
linear regression against all variables recorded) were employed.
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from the university and are thus more polluted. The lack 
of surrounding trees and aquatic vegetation at the two 
ponds may exacerbate this. However, our data suggest 
that the aquatic insect fauna of pond 3 is somewhat 
healthier than pond 5, which was highly dominated by 
members of the Micronectidae and Chironomidae, both 
of which are more tolerant of pollution (Slooff , 1983).

 Among the water properties we tested, dissolved 
oxygen was the major variable which had a positive 
relationship with aquatic diversity in our study. This 
is consistent with the results of studies elsewhere, 
including the Mekong region in Asia (Sor et al., 2017), 
New Zealand (Collier & Lill, 2008), and Europe (Królak 
& Korycińska, 2008). In contrast, water turbidity had a 
strong negative relationship with the taxonomic rich-
ness and abundance of aquatic insects. Limited rich-
ness and abundance of Ephemeroptera, Plecoptera and 
Trichoptera has been observed in highly turbid water 
bodies elsewhere for example (Hershey et al., 2010) 
and it may be that water turbidity indirectly infl uences 
aquatic insects because high levels of turbidity can 
aff ect dissolved oxygen regimes (van Heest et al., 2005). 
Factors which increase water turbidity include sediments 
induced by algae blooms, soil erosion and pollutants in 
industrial wastewater and sewage discharges (van Heest 
et al., 2005; Ebenebe et al., 2016). With respect to our study 
ponds, we recommend restoration eff orts be undertaken 
to improve the water quality and surrounding environ-
ments of ponds 3 and 5.
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