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Summary 
Both indigenous and introduced Australian dung beetles (Coleoptera: Scarabaeoidea) play an important role in agricultural 

systems. Temperate grasslands in Australia are expected to have some of the greatest increases in temperature and reduction in 

precipitation due to climate change which may directly threaten dung beetles. Several biotic and abiotic factors affect the 

development of larvae and fitness of young dung beetles. To understand if dung beetles can continue to provide ecosystem services 

across temperate Australia under changing management and climate, we review what is known about their life history traits that 

will facilitate their adaption. 

We believe dung beetles will continue to provide valuable ecosystem services and have potential to aid in adapting and alleviating 

the impacts on crops and pastures from reduced and sporadic rainfall. However, the level of function, may be impeded due to 

climatic stress and a loss of diversity with thermal specialists and some indigenous species, expected to be displaced into narrower 

ranges. An increase in feeding competition from thermal generalists and introduced species will likely implement this movement. 

The evidence from naturalised introduced species indicate behavioural adaptations and/or phenotypic plasticity suggest some 

species will continuing to provide services that improve pasture production despite changes to climate. Ongoing monitoring of 

phenological shifts will inform adaptive management of this vital group. 
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INTRODUCTION 
Both indigenous and introduced Australian dung 
beetles (Coleoptera: Scarabaeoidea) play an important 
role in agricultural systems including nutrient cycling, 
soil aeration, seed burial, improved pasture production 
and pest suppression (Nichols et al. 2008, Simmons 
and Ridsdill-Smith 2011) by reducing the amount of 
time required for dung to break down. Dung beetle 
community composition depends upon the origin and 
intensity of their ecosystem, which has consequences 
for associated ecosystem functions (Fuzessy et al. 
2021). Temperate grasslands in Australia are expected 
to have some of the greatest increases in temperature 
and reduction in precipitation due to climate change 
(Jakob and Walland 2016), which may directly 
threaten dung beetles by impacting on their 
development. Anthropogenic actions are likely to harm 
dung beetle communities throughout tropical forest 
ecosystems directly, by habitat loss, and indirectly 
through the depletion of large vertebrates (Fuzessy et 
al. 2021). Research is needed in temperate zones to 
investigate what might happen to these providers of 
ecosystem services.  

Dung beetles already face indirect challenges in 
temperate grasslands due to changes in livestock 
management practices: including more intensive 
feeding regimes, and changes in patterns of 
endoparasitic chemicals administered to livestock, 
e.g., mectins are greatly more toxic than benzimidazole

to dung beetles. Ivermectin and abamectin cause a 
reduction in successful emergence and hatching of 
dung beetle larva (Ridsdill-Smith 1993c, Wardhaugh 
et al. 1993, Floate 1998, Dadour et al. 1999, 
Wardhaugh et al. 2001, Wardhaugh 2005, Beynon et 
al. 2012, Beynon 2012). To understand if dung beetles 
can continue to provide ecosystem services across 
temperate Australia under changing management and 
climate, we review what is known about their life 
history traits that will facilitate their adaption.  

REPRODUCTION 
Broods 
All dung beetles reproduce the same way with an egg 
laid inside a ball of dung. There are four different 
guilds; the rollers (telecoprids), the tunnellers 
(paracoprids), the dwellers (endocoprids) and the 
stealers (kleptocoprids) (Bornemissza 1969, Doube 
1990, Lumaret et al. 1992). The first guild cut a ball 
out from the surface of the dung and attach it to the 
base of surrounding vegetation, above ground or 
buried away from the dung pad. The second guild 
tunnel beneath the dung pad to bury their brood balls, 
with some species laying individual eggs in broods 
(Tyndale-Biscoe 1990, Davis 1996a, Sowig 1996, 
Gregory et al. 2015). The tunnelling guild can be 
further divided into two sub-guilds with those that bury 
broods in brood masses, where broods are in close 
proximity to one another (Tyndale-Biscoe 1990. Davis 
1996a, Sowig 1996, Gregory et al. 2015), and those 
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who bury individual broods in separate individual 
chambers. The third guild are dwellers or 
endocoprophagus beetles that live and feed within the 
dung heap (Tyndale-Biscoe 1990, Lumaret et al. 
1992). The fourth guild steals the brood ball of rollers 
in which to lay (parasitise) their own egg onto the 
stolen brood ball (Doube 1990).  

Upon hatching, the larvae unselectively bulk feed on 
the organic matter in the brood, however feeding is 
restricted to the dung in the brood ball (Holter 2016). 
The larvae go through three instar phases. Upon ending 
the third instar the larvae cease feeding before 
changing into non-feeding pupae, later turning into 
adult beetles. At the third instar phase some species can 
cease development, which allows pupae to survive 
unfavourable conditions as they can remain inactive 
for many months (Tyndale-Biscoe 1990).  

Nulliparous  
Nulliparous beetles have three instars which are 
defined by Tyndale-Biscoe et al. (1981). The first 
instar (N1) is described as being newly emerged 
beetles that have a soft cuticle, no fat-body, an 
undeveloped reproductive system and unworn tibiae. 
The second instar (N2) changes to a hard cuticle, some 
body fat, an undeveloped or slightly developed 
reproductive system and a slightly worn tibiae. The 
third instar (N3) is defined as young beetles with a hard 
cuticle, have developed body fat, a developed 
reproductive system and slightly worn tibiae. The size 
of the adult dung beetle does not change after emerging 
from the nest (Tyndale-Biscoe 1990).  

Parous 
Older egg laying beetles, similar to nulliparous stage 3 
(N3), with accumulations of yellow body fat at the base 
of the ovarioles along with an increasingly worn tibia 
are defined as parous (Tyndale-Biscoe et al. 1981).  

Resorbing 
Resorbing is a stage of beetle development where 
beetles of any age from N2 (Nulliparous 2) to the late 
parous stage (Parous 3) show visible signs of oocyte 
breakdown, or extrusion of oocyte sideways through 
the ovariole wall (Tyndale-Biscoe et al. 1981, 
Tyndale-Biscoe and Walker 1992). Visible signs of 
past resorption are yellow granules attached to the 
outside of the ovariole base. Beetles go through 
resorbing in response to stressful conditions unsuitable 
for breeding and when there is limited quality feed 
present.  

Reproduction conclusion 
The life cycle of dung beetles involves the placement 
of an egg inside a dung ball, the development of larvae 

and the emergence of a young adult (nulliparous) 
before egg production (parous). If conditions for 
reproduction are not suitable, dung beetles will not 
develop eggs, or if eggs have developed, then eggs are 
resorbed (Tyndale-Biscoe and Watson 1977, Tyndale-
Biscoe et al. 1981, Kirk 1983, Tyndale-Biscoe 1983, 
Tyndale-Biscoe and Walker 1992, Lopez-Guerrero 
1996, Gonzalez-Vainer and Morelli 1999). Their 
reproduction cycle should be considered fragile, in that 
any disturbance to the egg or larvae may result in 
mortality of the larvae.  

Dung feeding 
There are several ways in which dung beetles remove 
dung. One is through burial for food storage and brood 
masses and chambers (egg development). Another is 
through rolling dung away and through shredding and 
feeding on dung (Tyndale-Biscoe 1990, Tyndale-
Biscoe 1994).  

Feeding is not based on the partly digested grass in the 
dung, but of the dead and alive biomass (Holter and 
Scholtz 2007. Holter 2016), that is between pieces of 
partly digested grass. The biomass provides essential 
nitrogen, steroids and amino acids for beetle 
reproduction. The dung beetles use specialised 
mouthparts to separate the biomass from the 
lignocellulose before ingestion (Holter 2016). Only a 
small proportion of fibre is ingested by dung beetles 
during feeding. The mandibular molars are used to 
reduce the moisture in fresh dung (70-90% water 
depending on the season (Holter 2016)) before 
concentrated material is swallowed (Holter 2000; 
Holter 2004).  

ECOSYSTEM SERVICES PROVIDED BY 
DUNG BEETLES. 

Reproduction by both indigenous and introduced dung 
beetles provides a range of ecosystem services through 
the breakdown of dung pads. Dung beetles assist in 
nutrient cycling, improvement of soil structure and 
water infiltration (Bornemissza 1960), hence the 
regeneration of pastures (Bornemissza 1960, Davis 
1996b, Miranda et al. 2000. Doube 2008, Pecenka and 
Lundgren 2018) and the reduction of pests (Wallace 
and Tyndale-Biscoe 1983, Ridsdill-Smith and 
Matthiessen 1988, Ridsdill-Smith and Hayles 1990).  
However, indigenous Australian dung beetles are not 
adapted to non-indigenous bovine dung (Waterhouse 
1974, Tyndale-Biscoe 1994) and use a small amount, 
if any, of the large amounts of dung produced. Cattle 
can produce 30 kg of dung per animal a day under 
feedlot conditions (Dadour and Cook 1996).  In the 
absence of introduced dung beetles adapted to utilise 
bovine dung pats, these often remain untouched, 
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smothering pasture, leading to reduced growth and 
providing a breeding resource for flies. 

Dung beetles were introduced into Australia some 50 
years ago, for example Onthophagus taurus (Schreber, 
1759) and O. binodis Thunberg, 1818 were release on 
the Fleurieu peninsula of South Australia in the early 
1970’s. They have been active in the area for many 
years reducing dung and improving agricultural 
production.  During the early 1990’s beetles were 
harvested and released into other suitable regions of 
the state. Like many other introduced species across 
Australia, for these beetles to survive over many years 
they have probably adapted to the changing 
environment and agricultural practices. Historically 
these introductions are unique, and by studying 
responses gives insight into adaptive mechanisms 
which can be tested (e.g. Mamantov and Sheldon 
2021).   

Of the 43 species of dung beetle introduced into 
Australia by the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) 
(Bornemissza 1960, Bornemissza 1976; Kabir et al. 
1985, Wright et al. 2015, Doube 2016) to recycle 
bovine dung and aid in the management of the bush fly 
populations, 23 of these have become established 
(Bornemissza 1960, Bornemissza 1976, Kabir et al. 
1985, Edwards 2007, Wright et al. 2015, Doube 2016). 
To protect indigenous dung beetles that specialize in 
marsupial dung (Bornemissza 1976), preference was 
given to releasing non-indigenous species that are 
primarily bovine dung feeders. Part of the problem of 
the lack of activity of indigenous beetles in non-
indigenous dung may be a mismatch between beetle 
phenology and when large amounts of dung is present.  
Across south-eastern Australia, indigenous species are 
present during late spring and summer in low densities: 
for example, O. australis Guerin-Meneville 1838, O. 
granulatus Boheman 1858 and O. pentacanthus 
Harold 1867 (Tyndale-Biscoe et al. 1981, Tyndale-
Biscoe and Walker 1992, Tyndale-Bisoce 1994). 
Hughes (1975) researched the burial of dung by 
indigenous species (predominantly O. granulatus and 
O. australis) in the Canberra region and found that in 
a 10-day period in spring and autumn, 60-93% of dung 
pads were buried but during the remainder of the 
season (summer and winter), pads were relatively 
untouched.  

In comparison, non-indigenous species introduced into 
Australia were selected due to their ability to bury 
large amounts of dung across all seasons. Dung burial 
is largely related to the size of the beetle species (Davis 
1996a). The Onitis genus represents a large family of 
dung beetles which are generally active between spring 

and autumn (Weston 2020). Onitis are some of the 
largest species that have been successfully introduced 
to Australia (Weston 2020). Edwards and Aschenborn 
(1987) investigated the burial of several species of 
Onitis and found On. caffer Boheman 1857 (Autumn – 
spring active) and On. aygulus (Fabricius, 1781) 
commenced burial within 2-5 days of arriving at the 
dung pad burying between 57g and 92g per pair. Onitis 
alexis Klug 1835, On. Pecurarius Lansberge 1875 and 
On. caffer are such prolific buriers of cattle dung that 
no bush fly larvae survived dung burial in the presence 
of these species (Edwards and Aschenborn 1987). 
Bubas bison (L. 1767) is an autumn to early spring 
active dung beetle that has been estimated to bury 90% 
of cattle dung after 5 days (Ryan et al. 2011). In 
comparison, O. gazella (Fabricius, 1787), which is a 
spring-summer active beetle, was capable of breaking 
up entire dung pads within 30-40 hours of introduction, 
despite being a smaller beetle (Bornemissza 1970). 
Likewise, O. taurus dispersed more than 50% of dung 
within the first 24 hours (Dadour et al. 1999). Tyndale-
Biscoe (1994) identified that in the field, dung burial 
was highly correlated with the biomass of dung beetles 
present. With the addition of more introduced species 
(in the case of Tyndale-Biscoe (1994), the arrival of 
Euoniticellus fulvus (Goeze, 1777)) increased the dung 
beetle biomass, thus increased the burial of dung. 
Introduced dung beetles have improved the burial of 
cattle dung by occupying underutilised niches 
(summer and winter dung pads) that the indigenous 
dung beetles did not (Hughes 1975; Tyndale-Biscoe 
1994). 

Nutrient availability 
As the dung beetles in Australia bury large quantities 
of dung, not just for reproduction but also for food 
storage, not all of this is eaten and some of it is left 
behind in the soil. This provides nutrients for crops and 
has been shown to improve nutrient content of plants 
during drought conditions (Johnson et al. 2016). 
Johnson et al. (2016) found in the presence of B. bison, 
there was an increase in nutrient uptake which 
appeared to improve plant growth especially in the 
foliage. Doube and Marshall (2014) also found that, in 
low nutrient soils, the improvement of soil nutrient 
availability was due largely to the presence of dung 
beetles and remained so for up to a decade.  

Water penetration 
While dung beetles themselves are negatively 
associated with dry conditions, their activity can 
increase soil water by improving soil porosity. Brown 
et al. (2010) has shown that dung beetles improved 
water infiltration, soil porosity and reduced surface 
water run-off. Dung beetles aided pasture production 
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through improved water penetration, hence greater 
plant available water, with lasting effects of up to a 
decade (Doube 2008; Doube and Marshall 2014). 
Johnson et al. (2016) showed that dung beetle presence 
in the field during drought conditions improved plant 
heath associated with increased soil water content. 
This has the potential to increase the ability of crops 
and pastures to withstand droughts, which are 
predicted to become more common (Johnson et al. 
2016). Johnson et al. (2016) goes on to hypothesise 
that dung beetles could moderate the impacts of 
climate change by improving crop resilience to 
unpredictable rainfall events. More research is 
required to test this hypothesis.   

Pasture Improvement 
Intensive grazing practices utilising modern plant 
cultivars that increase production rely on the recycling 
of dung. Dung beetles aid in pasture improvement 
through cycling of nutrients by burying dung, aeration 
of the soil, improved water penetration and root 
penetration through digging tunnels for brood masses, 
individual broods and food balls (Edwards and 
Aschenborn 1987, Tyndale-Biscoe 1994, Hunt and 
Simmons 2004, Holter and Scholtz 2007, Doube 2008, 
Nichols et al. 2008, Gollan et al. 2013, Doube 2018). 
When dung beetles dig tunnels, soil casts are brought 
to the surface, which rotates and aerates the soil 
(Nichols et al. 2008; Simmons and Ridsdill-Smith 
2011). With the presence of dung beetles, Doube 
(2008) found pasture production was improved by 
30% which persisted for three years through many of 
the above mechanisms.  

Control of flies  
Dung beetles are used to aid in the management of the 
bush fly (Ridsdill-Smith and Matthiessen 1988; 
Ridsdill-Smith and Hayles 1990; Ridsdill-Smith 
1993a) and the buffalo fly Haematobia exigua De 
Meijere 1903 (Bishop et al. 2005). Mortality of fly 
larvae can occur by shredding and disturbance of the 
dung pad, and through burial of dung.  

Shredding by sexually mature and immature 
individuals during feeding (Tyndale-Bisoce 1994) 
controls flies as it reduces the dung pad moisture 
quickly. Shredding varies between seasons and sites 
and occurs when high populations interfere with each 
other’s burial activities (Tyndale-Bisoce 1994). 
Tyndale-Bisoce (1994) found that mean seasonal 
quantity shredded never exceeded 12%. The level of 
shredding does fluctuate greatly (between 0 and 70%) 
throughout the season depending on the number of 
beetles in a dung pad (Tyndale-Bisoce 1994).  

Ridsdill-Smith and Hayles (1990) studied the stages of 
bush fly killed by two species of dung beetle: O. 
binodis and On. alexis. There was a strong positive 
correlation between increased mortality of maggots 
and increasing dung beetle populations (Ridsdill-
Smith and Hayles 1990). That trial was conducted 
using low quality dung, which is commonly seen 
during Mediterranean summers. Very low numbers of 
bush flies survived in both the laboratory and outside 
components of the experiment. The flies that did 
survive probably did so in small undisturbed pockets 
of dung. It has been found that fly mortality increases 
during summer as dung beetles become more abundant 
(Hughes et al. 1978, Ridsdill-Smith and Matthiessen 
1988). There are other factors which effect mortality 
and success of the interactions between dung beetles 
and fly mortality; these include dung quality (Ridsdill-
Smith 1986), moisture, concurrence of beetle entry, fly 
oviposition and the speed of burial (Bishop et al. 
2005).  

Some scenarios have appeared where the bush fly 
population does not change with the introduction of 
new dung beetle species (Wallace and Tyndale-Biscoe 
1983). In south-western Australia, the indigenous dung 
beetle O. ferox Harold 1867 utilise kangaroo dung in 
undisturbed heath vegetation in spring (Ridsdill-Smith 
et al. 1983), yet is also found in cattle dung (Ridsdill-
Smith 1993b). When O. binodis was introduced to 
south-western Australia, it was expected to reduce the 
bush fly population, however the fly population 
remained steady. Ridsdill-Smith (1993a) identified 
that O. ferox caused greater mortality to bush fly egg-
puparia than O. binodis. It was also found that O. 
binodis egg production was substantially affected by 
the presence of O. ferox, though not vice versa due to 
the large size of O. ferox compared to O. binodis. Due 
to asymmetric competition at high densities between 
O. ferox and O. binodis, the introduction was not 
successful in terms of reducing the bush fly population. 

INTERACTIONS BETWEEN DUNG BEETLES 
AND THEIR ENVIRONMENT 
Factors that influence development  
Several biotic and abiotic factors affect the 
development of larvae and fitness of young dung 
beetles (Tyndale-Biscoe et al. 1981, Barkhouse and 
Ridsdill‐Smith 1986, Sowig 1995, Dadour and Cook 
1996, Menéndez et al. 2014, Holley and Andrew 
2019a, Holley and Andrew 2019b). These include 
dung quality, such as moisture content (Edwards 1991) 
and pH, which is influenced by the diet of the 
livestock, such as grass diet verses grain (Dadour and 
Cook 1996), soil type (Sowig 1995), soil compaction 
(Dabrowski et al. 2019), fungal presence, soil 
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temperature and moisture (Tyndale-Biscoe et al. 1981, 
Barkhouse and Ridsdill‐Smith 1986).  

Abiotic factors  
Atmospheric temperature plays a role in the survival 
and distribution of dung beetles (Gaston and Chown 
1999, Nunes et al. 2016, Nunes et al. 2018, Holley and 
Andrew 2019a, Holley and Andrew 2019b, Holley and 
Andrew 2020). Tyndale-Biscoe and Walker (1992) 
found that optimum temperatures for O. australis 
brood production was between 20⁰C and 25⁰C 
compared to the optimum brood production 
temperature for O. granulatus was found to be 25⁰C 
and mortality rate increased when the temperature was 
above 30⁰C (Tyndale-Biscoe et al. 1981). There is an 
association between development rate and mortality as 
ambient temperature increases where O. granulatus 
developed more rapidly at higher temperatures but 
additionally died more rapidly (Tyndale-Biscoe et al. 
1981).  

Tyndale-Biscoe and Walker (1992) speculated that 
there was a reduction in survival of larvae during 
spring and summer due to very few rainfall events 
making the soil dry at their trial sites. 

Biotic factors  
Tyndale-Biscoe et al. (1981) identified that good 
quality dung increased brood production and decreased 
adult mortality. Good quality dung allows large 
quantities of body fat to be produced, which in turn 
allows beetles to survive harsher periods such as short-
term droughts. Dung beetle reproduction is 
significantly influenced by dung pat moisture 
(Edwards 1991, Errouissi et al. 2004, Owen et al. 
2006) as certain species can only develop in dung pads 
with a given moisture content, for example E. 
intermedius (Reiche, 1849) was unable to breed in 
wildebeest dung if the moisture content was less than 
60% (Edwards 1991). Dadour and Cook (1996) 
concluded from their comparison of feedlot cattle dung 
compared to pasture dung that there was no significant 
difference in adult beetle mortality and no change in 
the emergence pattern of the F1 progeny. However, the 
number of brood masses was significantly increased on 
pasture fed cattle. They also found that dung from 
pasture fed cattle improved the survival rates of F1 
progeny to adulthood. The progeny emerging from 
pasture fed cattle were much larger compared to 
progeny emerging from grain fed cattle dung (Dadour 
and Cook 1996). This was seen similarly by Lee and 
Peng (1981) who found that dung quality and nitrogen 
content had a significant effect on the progeny size 
while Ridsdill-Smith (1986) demonstrated that egg 
production of dung beetles was higher on green, annual 

and/or irrigated pasture compared with dead annual 
pasture.  

RESPONSE TO CLIMATE CHANGE 
Climate models project increases in temperature, more 
extreme rainfall and temperature patterns with shifts in 
seasonality, frequency and intensity (Garnaut 2011, 
Flato et al. 2013, Johnson et al. 2016). Walther et al. 
(2002) noted that the phenology, physiology and 
distribution of plants and animals will be affected by 
climate change. Evidence indicates plant production 
hence dung production, will also change (Wu et al. 
2011, Fuzessy et al. 2021). How will dung beetles 
respond?  

Dung beetles can adapt to changes by changing 
behaviour, distribution, both temporally and spatially, 
evolve or become extinct. Due to differences in 
phenotypic plasticity, indigenous species and 
introduced species may respond to climate change in 
different ways or to different degrees (Mamantov and 
Sheldon 2021). Given half the non-indigenous species 
introduced to Australia have adapted to novel 
ecosystems, as observed by successful establishment, 
due to their phenotypic plasticity we believe the 
provision of ecosystem services will continue.  We 
examine the evidence from the literature to inform if 
dung beetles could persist despite rapidly changing 
climate across southern Australian landscapes, which 
they inhabit.  

Response to Temperature 
Direct physiological impacts of small increases in 
temperature on individual species has demonstrated 
quicker development, often associated with a fitness 
cost. Responses vary depending on the origin of 
species that may often provide a competitive 
advantage for those species with greater behavioural 
and phenotypic plasticity (Mamantov and Sheldon 
2021).  

Artificial warming by 2.3ᵒC in Tibetan Alpine 
meadows advanced dung beetle egg laying and 
hatching by 4.1 and 7.2 days respectively (Wu and Sun 
2012). In that study, Wu and Sun (2012) demonstrated 
the size of the larvae and eggs were reduced by 33.4% 
and 22.1% respectively. It should be noted that the 
species of dung beetle used for the trial was a cooler 
climatic dung beetle, Aphodius erraticus (L., 1758)), 
making it more prone to climatic change, concordant 
with Liu et al. (2011), and Bale et al. (2002). The 
advanced egg laying was attributed to cardiac stress 
caused by increasing temperature (Wu and Sun 2012). 
To reduce the stress of adult beetles and to maintain 
critical activities, females may have laid eggs to reduce 
allocation of energy for reproduction (Somero 2010). 
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Wu and Sun (2012) implied that early egg laying 
indicated a reduction in time for the acquirement of 
resources before reproduction, especially when 
compared to those in ambient chambers. As the eggs 
were laid at the interface between the soil and dung, it 
is possible that this left the eggs more prone to 
warming, advancing hatching, hence reducing the size 
of the larvae. Wu and Sun (2012) found that the smaller 
larvae may be directly linked to the smaller eggs in the 
warmed enclosures, as small eggs cannot deliver 
sufficient nutrients in early development stages of the 
larvae (Geister et al. 2009). It is also possible that the 
higher temperatures reduced the time for embryonic 
development, which can result in smaller larvae and 
egg size (Fox and Czesak 2000, Gillooly and Dodson 
2000, Wu and Sun 2012). Steigenga and Fischer 
(2007) found that in butterflies the oocyte growth 
decreases with higher temperatures, while Fox and 
Czesak (2000) reported that with higher temperatures 
there may be an increased cost of somatic maintenance 
of adult arthropods. Our hypothesis is the reduced time 
to assimilate resources, due to advanced phenology 
and behavioural changes in response to warmer 
conditions led to a reduced egg size and production.  

An American study compared response to temperature 
for two species, with the introduced O.  taurus 
producing more brood balls and larger brood balls, 
buried brood balls deeper than the indigenous O. 
hecate (Panzer, 1794) in all treatments. The two 
species did not vary in the degree of behavioural 
plasticity in response to warming. However, different 
behavioural responses were observed: for example, O. 
taurus decreased brood ball production in response to 
warming, while O. hecate increased the number of 
brood balls in response to warming, but total numbers 
were still well below O. taurus. Both species survival 
was lower when brood balls were reared at 33°C. 
However, because O.  taurus buried their brood balls 
deeper less offspring (23%) were exposed to 33°C 
during development. In contrast, a high proportion of 
O. hecate offspring (77%) were reared at 33°C as 
brood ball were buried close to the surface hence the 
lower survival rate for this species. Differences in 
reproductive behaviours did affect survival, suggesting 
those species with greater behavioural plasticity, i.e. 
invasive species, will displace less plastic, i.e. 
indigenous, species (Mamantov and Sheldon 2021).  

In Australia, E. fulvus mortality increased, but not 
Sisyphus rubrus Paschalidis, 1974 when temperatures 
inside mesocosms were increased by 4ᵒC from an 
average 24h baseline field temperature. An increase of 
2ᵒC did not increase mortality for either species, but 
increased the emigration out of the dung pat by E. 

fulvus. No changes in the egg laying, brood size and 
number of broods of the two species were identified, 
which indicates that these species may be capable of 
surviving increased temperatures without biological 
trade-offs.  

It is expected most introduced dung beetle species will 
respond positively to small increases in temperature 
projected for temperate Australia. What is less certain 
is how indigenous species will respond directly to 
changes in temperature, with the likelihood more will 
become extinct from bovine dung due to increased 
competition from introduced species.  

Temporal distribution – changes to phenology 
In response to warmer temperature, it is expected 
advances in reproductive phenology will occur 
(Walther et al. 2002; Wu and Sun 2012). However 
where behavioural and / or resource limitations exist 
these may stabilise selection for earlier breeders within 
a given population in response to warmer conditions.  
One hypothesis by Dortel et al. (2013) is early 
emergences in spring could allow the maintenance of 
local populations in southern France and reduce the 
decline in species richness. Currently Scarabaeidae are 
active from spring to summer throughout Europe.  

An example of a plastic phenology, well suited to 
southern Australian environments, is the introduced 
species, B. bison.  This species was introduced into 
Western Australia in 1983 from Europe, where it took 
about a decade to become widely distributed. This was 
partly due to natural spread and partly due to field-
cropping and release in different locations. Since 1995, 
starter colonies have been released in all southern 
states. However, B. bison appears still to be absent 
from significant areas within its potential range.  

In southern France, B. bison is active from September 
(March Australia) to the end of May (November 
Australia). Adult emergence lasted from September to 
January (March to July Australia); 8 % of the female 
population was parous and laying eggs in September, 
and 100% were parous from February to the end of 
June. Eggs laid in October, November, February and 
March hatched synchronously in May (November 
Australia). Adults resulting from eggs laid in March 
emerged in early September. Kirk (1983) concluded B. 
bison has the potential for recycling large amounts of 
dung in climatic areas of Australia equivalent to 
southern France. 

Developmental thresholds of 7.2 °C are reported for 
the eggs of B bison. Total degree days for egg 
development was 169, but hatching is linked to late 
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spring. Mortality of B. bison eggs was negligible up to 
20°C, 50% at 25°C and 100% at 30°C (Kirk 1990).  

In Australian this species can have a 1- , 2- or 3-year 
life cycle. The larvae remain underground through 
summer and in most regions emerge the following 
autumn. In colder regions, some larvae enter a form of 
arrested development (termed diapause) in which third 
instar larvae fail to transform into adult beetles in the 
first year but remain largely dormant for a period of 
time, emerging as adult beetles in the autumn one or 
two years later (Dung Beetle Ecosystem Engineers 
2019). 

Has B. bison phenology remained the same in their 
introduced, Australian, environment, or as 
temperatures have increased, are eggs hatching earlier 
or adult emergence later in Autumn to facilitated 
adaptation to changes in climate?   

Spatial Distribution 
Physiological requirements and thermal limits for 
insects, where body temperature is intrinsically linked 
to the thermal environment, determine the 
environments in which populations can persist, thus 
defining the potential geographic distributions of 
species (Hutchinson 1957, Addo-Bediako et al. 2000). 
Depending on a dung beetles’ thermal tolerance, lower 
elevated species may be directly affected by climate 
change by reducing individual’s survival rates, causing 
a shift in population range to higher elevations with 
suitable climates (Deutsch et al. 2008, Menéndez et al. 
2014). If populations are unable to move, due to lack 
of suitable dung pads and / or  competition, extinction 
of some thermal specialists will occur (Hughes 2000, 
McCarty 2001, Parmesan 2006).  These shifts in range 
may change the services provided dung beetles (Huey 
and Tewksbury 2009). However, many insects have 
broad geographic distributions, raising the question of 
whether much of the variation among species from 
different environments reflects intraspecific variation 
rather than intrinsic differences among species 
(Hoffmann et al. 2013, Slatyer et al. 2016). Few tests 
of the relationship between inter- and intra-specific 
variation have so far been undertaken (Gaston and 
Chown 1999), with no research done on how ranges of 
the indigenous and exotic dung beetles will respond to 
climate change in Australia. It therefore remains 
unclear how often apparent species differences reflect 
plastic or locally adaptive variation among 
populations, rather than interspecific variation.  Recent 
research on dung beetles’ change in elevation and 
latitude is reviewed to provide insights into likely 
changes in Australian distributions.  

In three research papers, similar results were found for 
historical data about temperature effects on dung 
beetle ranges (Dortel et al. 2013, Menéndez et al. 2014, 
Sheldon and Tewksbury 2014). To understand how 
temperature will affect the range of different dung 
beetles, one should note there are thermal specialists 
and thermal generalists (Sheldon and Tewksbury 
2014). Thermal specialists are associated with narrow 
temperature variations (Janzen 1967) and are more 
likely to be displaced by increasing temperature as 
their fundamental niche becomes restricted. That is, 
they have a narrow temperature range and have a 
greater cost associated with dispersal up or down 
temperature gradients (e.g. elevation) seeking their 
thermal limits. Whereas thermal generalists are 
capable of living and reproducing at a greater 
temperature range.  

Sheldon and Tewksbury (2014) found that tropical 
beetles had a lower tolerance to temperature change 
while temperate beetles have developed greater 
capacity for response due to temperature variations 
experienced while developing (Hoffmann et al. 2003). 
Sheldon and Tewksbury (2014) also suggest caution 
when predicting physiology using annual seasonality 
without considering that organisms filter the 
environment temperature they are exposed to 
(Kingsolver and Watt 1983) through behavioural 
means such as flying time, feeding and tunnelling. 
They conclude by saying that tropical thermal 
specialists are expected to demonstrate greater thermal 
sensitivity (Huey et al. 2009) and reduced fitness under 
climate change compared to temperate species 
(Sheldon and Tewksbury 2014).  

Menéndez et al. (2014) highlights the point that the 
sensitivity of species to climate change in mountainous 
habitats will not only depend on the level of warming 
but also the geography of the mountain and 
characteristics of species present in terms of their 
thermal tolerance. They have shown that, in two 
mountain ranges in Europe, there has already been 
considerable movement of species, but not all species 
have moved up in elevation as there have been other 
biotic factors limiting species ranges. Nineteen out of 
the 30 species in the European alps and 17 out of 19 
species in the Sierra Nevada had a mean shift upwards. 
This was consistent with the trend upwards for 
temperature and other shifts in elevation observed in 
other taxon (Chen et al. 2009, Forero-Medina et al. 
2011, Feeley 2012). To move to higher elevations in 
response to increased temperature was species and 
region dependent. Only those of low- and mid-
elevation shifted uphill in the European alps while 
high-elevation species remained unchanged. In the 
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In the Sierra Nevada, almost all species range shifted 
upwards. The regional differences may be explained 
by a number of factors including lack of significant 
warming at high elevations in the European alps 
(Menéndez et al. 2014). Menéndez et al. (2014) also 
reports that temperature affected the lower range of 
dung beetles in the Sierra Nevada. Temperature 
extremes may be more important in determining lower 
range limits due to the heat tolerance of given species 
(Menéndez et al. 2014). Despite the ability to change 
behaviourally, there is still the threat to fitness of 
beetles as it will reduce the time available for foraging 
and species niches will begin to overlap causing an 
increase in competition (Simmons and Ridsdill-Smith 
2011,  Menéndez et al. 2014). 

A review by Dortel et al. (2013) reveals that the 
movement northwards of Mediterranean species will 
enrich the northern regions as climate change is likely 
to reduce the current distribution of many species. One 
species in particular, On. belial (Fabricius, 1978), 
which was restricted to the Mediterranean seashore in 
France, has been observed at an altitude of 900m in the 
Pyrenees, hence its range had moved up in elevation. 
Dortel et al. (2013) found that specialists had a poorer 
ability to cope with change compared to generalists, 
however migrations are severally limited by natural 
barriers such as largely un-grazed wooded habitats. 
This could exacerbate the effect of climate change as 
movement may become limited by such habitat. In 
southern France, Aphodiidae and Geotrupidae appear 
to be more sensitive to habitat heterogeneity than 
Scarabaeidae (Lobo et al. 1997, Lobo and Martín-Piera 
1999), which will also see the diversity of niches 
diminish. 

Expected dung beetle community responses 
From the international evidence, it is expected in 
temperate Australia, changes in the current 
distributions of dung beetles will be observed. Species 
such as O. nigriventris D'Orbigny, 1902, O. australis, 
O. chepara Mathews, 1972 and O. binodis will be 
restricted as these species are found in cool, moist, 
temperate conditions (Tyndale-Biscoe 1990). These 
species may become isolated to pockets as they seek 
their preferred (niche) habitat. Species found in 
northern Australia such as Liatongus militaris 
(Castelnau, 1840), On. alexis, On. caffer, On. 
pecuarius Lansberge, 1875, On. viridulus Boheman 
1857, O. nigriventris, O. obliquus (Olivier, 1789) and 
O. Sagittarius (Fabricius, 1781) may expand their 
ranges as tropical areas become wetter and shift further 
south as temperatures rise. Hence, there may 
additionally be an influx of species from tropical areas 

into temperate areas where those species had 
previously been excluded due to unfavourable climate. 

 Some species such as O. granulatus, E. intermedius 
and On. alexis are likely to move into such niche 
habitats, restricting other species due to competition. 

CONCLUSION 

Dung beetles maybe under threat from changes to 
climate and management, despite many species being 
introduced from sub-tropical regions, hence possess a 
level of tolerance to warmer conditions. We believe 
dung beetles will continue to provide valuable 
ecosystem services and have potential to aid in 
adapting and alleviating the impacts on crops and 
pastures from reduced and sporadic rainfall. However, 
the level of function, may be impeded by increased 
beetle mortality directly due to climatic stress and a 
loss of diversity. Thermal specialists and some 
indigenous species, are expected to be displaced into 
narrower ranges seeking available habitats due to 
increased feeding competition from thermal 
generalists and introduced species. The evidence from 
naturalised introduced species indicate behavioural 
adaptations and/or phenotypic plasticity suggest some 
species will continuing to provide services that 
improve pasture production despite changes to climate. 
Research is needed on historical introductions, e.g. O. 
taurus and B. bison, to monitor shifts in species 
distribution and phenology in order to tease apart 
adaptive processes. Manipulative experiments to 
understand the interactions between genetics, 
environment and management are informative for 
sustainable land management. These types of 
experiments are needed to avoid disruptive practices; 
that is drenching or intensive feedlots when 
populations are actively breeding, and to ensure the 
continued benefits of dung beetles. 
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BOOK REVIEW 

 
The Complete Field Guide to the Dragonflies of Australia (Second Edition) 

 
Günther Theischinger, John Hawking, Albert Orr (2021) 

Published by CSIRO Publishing, ISBN 9781486313747, 424pp. RRP A$49.95 (paperback) 

 

A popular field guide among amateur and expert naturalists alike, 
the first edition of ‘The Complete Field Guide to the Dragonflies 

of Australia’ was reprinted three times without substantial 
revisions to dragonfly systematics and geographical distributions. 
Fourteen years later, Theischinger and Hawking are back with a 
revised second edition of their comprehensive field guide, and they 
do not disappoint. 
 
The purpose and layout of the second edition is similar to the first. 
There are three distinct sections of the book: an introduction, a 
species guide, and information on identification and resources. The 
introduction provides an overview of the unique nature of 
Australian endemic odonates, including the life cycle, ecology, 
habitat and conservation of species. This brief section is helpful to 
the hobbyist but is a review for the entomologist. 
 
The bulk of the text is dedicated to the species guide. Updated 
descriptive information on morphology, as well as notable facts on 
ecology and geographic distribution accompanied by stunning 
photographs and drawings by Orr make this section invaluable for 
both the hobbyist and entomologist alike. The first edition 
comprised 324 species spanning 30 families, while the second 
edition includes nine new species and revises the number of 
families down to 18 with 11 genera in uncertain placement. The taxonomic keys for both final instar nymphs and adults 
have been updated accordingly.  
 
The final section on identification and resources is also a lengthy section of the book, but rightfully so. While the 
quality of some photographs may make identification of some species difficult, new drawings and diagrams provided 
by Orr make the difficult task of capturing these striking insects the most challenging aspect of identification easier. 
Furthermore, anglers interested in using specific dragonfly nymphs as bait will find this section appealing. Similarly, 
entomologists interested in landmark resources on advancements of dragonfly knowledge globally will find the 
references and further resources section appealing.  
 
Although the first edition of this field guide will still greatly assist both the amateur and expert naturalist in the 
complexities of dragonfly identification, the significant taxonomic revisions as well as the addition of Orr’s 
illustrations make the second edition of this field guide a vital resource for all to have.  
 
Abby Davis 
Ph.D. candidate 
Environmental and Rural Science 
University of New England 
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BOOK REVIEW 
 

The Inside Out of Flies 
 

Erica McAlister 
 

Hardcover September2020 $34.99 
ISBN: 9781486313808, 288 pages 

Publisher: CSIRO Publishing 
Colour Photographs, Photographs 

 
 
 

 
 

 
This delightful book comprises nine chapters comprises plus an introduction and an ending.  The chapters cover Pre-
adulhood, the head, the antennae, mouthparts, the thorax, the wings, the legs, the abdomen and the terminalia.  The 
ideas flow smoothy from chapter to chapter. It is most enjoyable book and I recommend it to anybody interested in the 
natural world and those with an appreciation of the off-beat and unusual world of flies. 
 
There are gems of fascinating information on the Diptera in every chapter, illustrated by excellent photography which 
brings it all to life.  The author clearly has a passion for her subject and has gone about communicating her favourite 
insects to the reader in a most engaging and gripping way.  A delightful book full of unique and surprising science. 

 
 

Robin Gunning 
Tamworth 
NSW 
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SCIENTIFIC NOTE 

BLUEBERRY ASH ELAEOCARPUS RETICULATUS SM. AS A LARVAL HOST 
OF URACANTHUS ACUTUS BLACKBURN (CERAMBYCIDAE, 

CERAMBYCINAE, URACANTHINI).   

Garry A. Webb 
Technomyrmex Pty Ltd, 29 Tolol Ave, Miranda, NSW, 2228 

Summary 
Blueberry Ash (Elaeocarpus reticulatus Sm.) is recorded as a larval host of Uracanthus acutus Blackburn for the first time.  During 

2019-20, U. acutus was reared from E. reticulatus from seven locations around Sydney.   Previously, U. acutus was recorded from 

a range of native and cultivated plants but not previously from E. reticulatus.  Larvae ringbark small branches on the main stem 

and then move through the centre of the branch towards the distal end of the trunk or main branch before returning close to the 

point of excision to  pupate.  U. acutus adults adopt an unusual stance that resembles a small twig, presumably as camouflage. 

INTRODUCTION 

Uracanthus acutus Blackburn occurs in south-eastern 
Australia from Adelaide to Brisbane (Thongphak and 
Wang 2007).  Its larval host plants are not well known 
but historically it has been recorded from various 
cultivated fruit trees (peach, plum, apricot) and native 
species of Acacia, Pomaderris and Loranthus (Dixon 
1908, Froggatt 1898, Thongphak and Wang, 2007).  
Uracanthus spp. in general are known from a wide 
variety of plant species (Dixon 1908, Duffy 1963, 
Froggatt 1998, Hawkeswood 2002, Rondonuwu & 
Austin 1988, Thongphak and Wang, 2007). 
Thongphak and Wang (2007) reviewed the entire 
genus and it is unclear whether some of these earlier 
host records can be validated for U. acutus, or now 
belong to some other related species.  Thongphak and 
Wang (2007) listed label data for specimens reared 
from Acacia, Pomaderris and Loranthus but only the 
wording for Pomaderris and Loranthus is 
unambiguous (“bred from Pomaderris” and “bred ex 
Loranthus”).  Records for Acacia are listed as only 
“ex” which could also mean “found on”. 

Blueberry Ash (Elaeocarpus reticulatus Sm.) is a 
common understory species in wet sclerophyll and 
rainforest gullies and sometimes in drier sandstone 
country around Sydney (New South Wales) (Brown 
2002).  Dead and dying branches and twigs of E. 
reticulatus, caused by U. acutus damage, are 
commonly observed during autumn, winter and spring 
around Sydney.  Infested branches of E. reticulatus 
from seven locations around Sydney were collected 
during late 2019–early 2020 and maintained in plastic 
tubs under semi-controlled conditions within the 
garage of a suburban house awaiting emergence.  

RESULTS AND DISCUSSION 

All specimens in this study were compared with those 
in the Australian National Insect Collection in 
Canberra, some of which were labelled as identified by 
Thongphak and Wang.  All specimens are currently 
maintained in the authors private collection.  

U. acutus records from E. reticulatus

Plant material collected 2019 

1. NSW, Carss Park, collected on 14 October
2019, emerged on 15 November 2019 (1
specimen).

2. NSW, Kurnell, collected on 16 October 2019,
emerged on 18 December 2019 (1 specimen).

3. NSW, Epping – cut live from twig on 29
October 2019 (1 specimen).

4. NSW, North Ryde, collected on 13 October
2019, emerged on 29 October 2019 (1
specimen).

5. NSW, North Ryde, collected on 29 October
2019, emerged on 30 October 2020 (1
specimen).

6. NSW, Kurnell, collected on 18 December
2019, emerged on 2, 5, 15, 17, 19 November
2020 (6 specimens).

Plant material collected 2020 

1. NSW, Carss Park, collected on 2 February
2020, emerged on 8 November 2020 (1
specimens).

2. NSW, Carss Park, collected on 12 February
2020, emerged on 3, 12, 17 November 2020
(5 specimens).

3. NSW, Kurnell, collected on 16 January 2020,
emerged on 25 November 2020 (1 specimen).

4. NSW, Kurnell, collected on 16 March 2020,
emerged on 1 November 2020 (1 specimen).
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5. NSW, Kurnell, collected on 23 March 2020, 
emerged on 12, 16, 26 October 2020 (3 
specimens). 

6. NSW, Kurnell, collected on 7 April 2020, 
emerged on 21 November 2020 (1 specimen). 

7. NSW, Gymea, collected on 22 May 2020, 
emerged on 16 October 2020 (1 specimen).   

8. NSW, Kareela, collected on 2 March 2020, 
emerged on 28 October 2020 (1 specimen).   

9. NSW, Woronora, collected on 3 January 
2020, emerged on 15 November 2020 (3 
specimens).   

 
No other species of Cerambycidae was reared from this 
plant material nor was U. acutus reared from any other 
species of plant collected during this period. With the 
exception of one specimen (Kurnell, emerged 18 
December 2019), all specimens emerged during 
October and November of either 2019 or 2020.  All 
specimens emerged within the year the plant material 
was collected except for six specimens from Kurnell 
collected on 18 December f2019 which emerged in the 
following spring (2-19 November) of 2020 and a single 
specimen from North Ryde (collected 29 October 
2019, emerged 30 October 2020).  
 
Typically U. acutus damage is observed as a dead or 
dying branch of the main stem of E. reticulatus (Figure 
1).  Larvae (Figure 2) generally ringbark the branch 
around 10cm from the main trunk and excise the end 
of a smaller twig on that branch, hollow out the twig 
and plug it with thin filaments of timber in readiness 
for later emergence (Figures 3 and 4).  The end of the 
twig is roughly V-shaped, as described for Uracanthus 
triangularis Hope (Duffy 1963).  Larvae will tunnel 
further to the extremity and later return to the basal 
area of the branch, just above the ringbarked area, to 
pupate (Figures 3-6).  The ringbarked branch will often 
snap off in the wind (Froggatt 1898), but in some cases 
where this has not occurred, larvae have been found 
working in the branch close to where the branch 
emerges from the trunk.       
 
When observed on E. reticulatus twigs, U. acutus 
adults usually chooses a similar diameter twig, 

clinging tightly.  The similarity in colour between adult 
beetles and bark of E. reticulatus provides camouflage.  
U. acutus adults may also adopt an unusual stance 
which emulates a twig (Fig. 7).  Camouflage and the 
unusual stance are both likely defence mechanisms 
against predators. 
 
While U. acutus, and other species of Uracanthus, 
have been recorded utilising a range of larval host 
plants, so far, U. acutus has only been found in E. 
reticulatus despite extensive collecting by the author 
of infested plant material around Sydney.  Of interest 
here is also the limited emergence period (October-
November), albeit under artificial conditions, and the 
unusual adult stance.   
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Figure 1 & 2: Typical dead infested branch; Large larva close to pupation stage near the ringbarked area. 

 

  

Figure 3 & 4: Infested twig showing ringbark area and emergence tube; Close-up of the cut end of the emergence 

tube.  

Ringbarked area 

Plugged emergence 

tube 
Plugged emergence tube 
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Figure 5 & 6: Adults in pupal chambers prior to emergence 
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Figure 7: Camouflage stance of adult U. acutus. 
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GIANT PINE SCALE (MARCHALINA HELLENICA) NOT DETECTED IN NEW SOUTH 

WALES  
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and Angus J. Carnegie3 

 
1NSW Department of Primary Industries, Biosecurity and Food Safety, 105 Prince Street, Orange NSW 2800, Australia. 
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Summary 
Giant pine scale, Marchalina hellenica, is a pest of pines, firs and spruce trees. Marchalina hellenica is endemic to Greece and 

was detected in Australia in both Melbourne and Adelaide in 2014. To support the national eradication response under the 

Emergency Plant Pest Response Deed, surveillance was undertaken to determine if the scale was present in New South Wales 

(NSW). This included Public Participation in Scientific Research surveys (by the public) and targeted site inspections (by 

government staff). A total of 283 sites were inspected across metropolitan Sydney and regional NSW resulting in more than 

3,300 trees inspected with no positive detections. Additionally, data from forest health surveys of commercial Pinus plantations 

in regional NSW were used to declare pest-free status, with no giant pine scale detected in 260 site inspections. New South 

Wales was declared free from Marchalina hellenica. An eradication response was mounted in Melbourne and Adelaide, 

although it was ultimately unsuccessful. 

 

Keywords exotic plant pest, citizen science, biosecurity 

 
INTRODUCTION 

The forestry sector is a significant contributor to the 
Australian economy with gross sales in 2015-2016 in 
excess of $23 billion, and an industry value-add of $9 
billion. The forestry industry directly employs over 
67,000 people with many of these jobs based in rural 
and regional Australia including New South Wales 
(NSW) (Lawson et al. 2018). Australia has one of the 
strongest and strictest quarantine systems in the world 
and has developed strong border interception 
surveillance programs (Carnegie et al. 2018a; Lawson 
et al. 2018; Nahrung and Carnegie, 2021). However, 
forest pest incursions do occur, and these were 
summarised by Carnegie and Nahrung (2019).  

 
One of the recent incursions was giant pine scale 
(GPS) (Marchalina hellenica (Gennadius, 1883)) 
(Agriculture Victoria 2019). GPS is a non-cyst 
forming margarodid and is endemic to Greece. The 
host range includes Aleppo pine (Pinus halepensis 
Miller), Turkish pine P. brutia (Ten), stone pine (P. 
pinea (L.)), Scots pine (P. silvestris (L.)), and black 
pine (P. nigra salzmannii (Dunal) Franco 1943) 
(Bacandritsos et al. 2004; Gounari 2006). Firs (Abies 
spp.) and spruces (Picea spp.) have been found as 
minor hosts. GPS requires live tree material and feeds 
on the plant phloem by inserting its long rostrum into 
the nutritious cambium of the tree truck and main 
branches (Gounari 2006). Honeydew is excess pine 
sap which has not been used by the insect and is 
eliminated through the anus (Gounari 2006). In 
Greece, this honeydew is collected by honeybees 
which produce “pine honey”. Turkey is the largest 

producer of pine honey and exports 85% of 
production to European Union countries (Unal et al. 
2017). All GPS stages feed except the adult female 
(Gounari 2006; Unal et al. 2017). Impacts on trees 
include dehydration, defoliation, branch dieback, 
reduced plant vigour and occasionally tree death 
(Yesil et al. 2005; Fotelli et al. 2020).  
 
Adult insects are up to 12 mm in length and up to 5 
mm wide and covered by fluffy white cottony wax 
filaments (Gounari 2006). Females are univoltine, and 
can produce over 300 eggs which hatch into crawlers 
that become covered with the white cottony wax 
filaments once they settle on a feeding site (Gounari 
2006). GPS can be found in cracks and the rough bark 
of trees, protected under the white cotton wax 
filaments that it secretes. When in large numbers, the 
white waxy filament coat creates the appearance of 
snow (Agriculture Victoria 2019; DPI NSW 2019) 
(Figure 1). 
 
Natural dispersal of GPS is short, as adults are 
wingless (Gounari 2006). Mobile crawlers can move 
within and between trees, particularly when trees are 
planted close together: annual dispersal is about 40 m 
(Nikolopoulos 1965). Some local spread may occur 
by ants harvesting the eggs (Agriculture Victoria 
2019; NSW DPI, 2019). Overseas, long distance 
spread occurs by human assisted movements 
including by beekeepers in Europe (Nikolopoulos 
1965; Petaikis et al. 2010; Gresham and Meurisse 
2019). GPS can be unintentionally spread if moved in 
infested plant material (mulch, logs, needles, cones), 
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soil, contaminated machinery or clothing (Agriculture 
Victoria 2019; Biosecurity Queensland 2019; NSW 
DPI 2019).  
 
GPS was discovered on amenity plantings of P. 
radiata (D.Don.) (Monterray or radiata pine) in 
Melbourne (October 2014) (Agriculture Victoria 
2019) and in Adelaide (November 2014) (Primary 
Industries South Australia 2019). In Australia, GPS is 
considered an exotic pest and a threat to the softwood 
plantation industry and amenity pine plantings due to 
its ability to cause tree death (Agriculture Victoria 
2019). The Australian softwood plantation industry 
was valued at $1.16 billion (Agriculture Victoria 
2019) and therefore eradication was deemed 
appropriate (Carnegie and Nahrung 2019). In 
Adelaide, almost 100 trees were destroyed to 
eradicate GPS. In Melbourne, over 150 trees were 
destroyed however public support for the program 
declined when a further 4,300 trees were identified 
and scheduled for destruction (Carnegie and Nahrung 
2019). Chemical control was revealed to be less 
effective than expected. The eradication program was 
halted and the program changed to ‘transition to 
management’. The total costs of this program 
(eradication and transition to management) are likely 
to exceed AU $6 million (Carnegie and Nahrung 
2019). The distribution of GPS in Australia is 
currently restricted to trees in greater Melbourne 
(Avtzis et al. 2020).    
 
Following the detection of an Emergency Plant Pest, 
a National plan is developed by the lead agency and 
as part of that plan, delimitation surveillance was 
requested and conducted to determine the distribution 
of the pest to ascertain whether it is technically 
feasible to eradicate (i.e. the pest is not distributed too 
far) (Anderson et al. 2017). As part of the national 
GPS response, NSW Department of Primary 
Industries (NSW DPI 2019) surveyed for GPS in both 
forestry and amenity plantings. This included targeted 
(active) surveillance by DPI and Local Land Services 
staff and the use of Public Participation in Scientific 
Research (PPSR). PPSR is a type of citizen science 
and utilises existing networks of people to collect data 
on a particular scientific issue and can supplement 
specific surveys (Haywood 2014). Surveillance for 
GPS was considered an appropriate topic for PPSR as 
the pest’s fluffy wax excretions are easily visible to 
the naked eye and pine trees are a well-recognised 
tree group. Here, we report on the activities 
undertaken in NSW to demonstrate freedom from 
GPS. The pest was not detected in NSW and the state 
was declared free from GPS.  

MATERIALS AND METHODS 

Public participation 
The surveillance project was ideal for members of the 
public to participate in given the extensive plantings 
of pine trees in parks and gardens, and the relative 
ease with which GPS can be detected (Figure 1). 
Requests for participation were sent to Golf NSW, 
New South Wales Golf Course Superintendents 
Association, Institute of Australian Consulting 
Arboriculturists, Landscape Association of NSW & 
ACT, NSW Forest Products Association, and the 
Cemeteries & Crematoria Association of NSW. These 
associations were targeted as message multipliers and 
asked to pass on the request to their members. 
Additionally, local councils in the Sydney, Illawarra 
and Hunter regions that had a demographic 
connection with Greece were also sent requests. This 
demographic group was targeted due to the historical 
proliferation of GPS in Greece (Petrakis et al. 2011).  
 
A kit was prepared to support each request. The kit 
contained a cover letter explaining the situation and 
the request for participation, a fact sheet about the 
pest, and a record sheet to be filled in and returned to 
NSW DPI. The record sheet was a simple table that 
asked for the name and phone number of a contact 
person, the location of the inspection, land use, type 
of tree (if known), number of pine trees inspected, 
and the number of trees with symptoms of GPS. A 
completed example of a surveillance record was 
provided to clearly encourage participants to report 
negative results as well as positive results. A webpage 
was developed with supporting material and the 
general public was encouraged to use these resources. 
The webpage was promoted in the NSW DPI Plant 
Biosecurity newsletter. Government officers, trained 
in biosecurity procedures, visited sites identified by 
members of the public, and if required, samples were 
taken in a biosecure manner and sent to NSW DPI 
laboratories for identification. 
 
Targeted surveillance 
Staff from NSW DPI and Local Land Services 
conducted the surveillance. Surveys consisted of 
inspections of pine trees and searching for the typical 
symptoms. Specific surveillance was conducted of 
Pinus trees across the Sydney basin and in regional 
areas from November 2014 to June 2015. Also, we 
used pre-existing surveillance data from the annual 
forest health surveillance program of commercial 
Pinus plantations in NSW, which are carried out by 
trained forest health surveillance officers (Carnegie et 
al. 2008). During this surveillance, trees were visually 
inspected for health issues, including inspecting for 
signs and symptoms on foliage, branches, and trunks. 
Here we assumed that these trained officers would 
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have detected GPS symptoms if present. Forest health 
surveillance data from across NSW for 2014 was 
included for this study. 

 
RESULTS 

Public participation 
During the reporting period, NSW DPI received 30 
reports as a result of the request for public 
participation (Figures 2–3). The golf clubs were by 
far the most enthusiastic participants. Major 
cemeteries in Sydney participated to a lesser extent. 
We received reports from 26 different golf courses, 
two major Sydney cemeteries, and one local council. 
One report was received through the Exotic Plant Pest 
Hotline, a national phone service. In NSW, the 
hotline is monitored by NSW DPI staff and enables 
the general public to report suspect plant pests and 
diseases. Public participation surveillance provided 
information on the possible GPS status of more than 
640 trees. No GPS was found. 
 
Targeted surveillance 
A further 2663 amenity trees in the Sydney Basin and 
regional NSW were inspected by government staff 
over the course of the GPS response surveillance 
(Figures 2–3). An additional 260 site assessments in 
commercial Pinus plantations were conducted as part 
of the 2014 forest health surveillance program 
(Figures 2–3). Several samples of symptoms similar 
to GPS were reported to and collected by NSW DPI 
staff (Figure 4). All were identified as pine woolly 
aphid Pineus pini (L.) or Adelgis cooleyi (Gillette).  
 

DISCUSSION 
Surveillance for GPS in NSW followed detection of 
GPS in Melbourne and Adelaide. NSW used a 
combination of specific and general surveillance 
(IPPC 2018), including utilizing the PPSR approach. 
PPSR can be a difficult method to collect scientific 
data. PPSR may not be as accurate as results gained 
from professional surveillance. However, PPSR can 
be a very useful and cheap tool to obtain large 
amounts of surveillance data from a wide area if the 
project is widespread, easy and quick to participate in 
and is resourced appropriately. For participants, PPSR 
creates a feeling of place and a sense of contribution 
(Haywood 2014). 
 
More than 260 exotic pests and diseases of 
arborescent hosts have established in Australia 
(Nahrung and Carnegie 2020). Seventy-one percent 
of detections of these pests occurred since 1996 and 
have been reported through general (passive) 
surveillance (Carnegie and Nahrung 2019). A large 
proportion of these pests were detected on amenity 

trees. This highlights the benefits and ongoing need to 
encourage public participation in biosecurity 
surveillance. Several programs in recent years have 
targeted public participation for early detection of tree 
pests (e.g. 
https://extensionaus.com.au/botanicgardensbiosecurit
y/coordinated-surveillance-by-botanic-gardens-staff/). 
In 2017, PPSR was used successfully to support NSW 
absence claims from Tomato Potato Psyllid 
Bactericera cockerelli (Sulc) (Hemiptera: Triozidae) 
(Dominiak et al. 2020). Surveillance for exotic pests 
remains important for NSW, particularly with the 
globalisation of trade (Anderson et al. 2017). 
 
Our surveillance project demonstrated that GPS was 
not present in NSW in 2015, and so provided support 
to continue the national eradication. However, in 
2016, it was nationally agreed that eradication of GPS 
was not technically feasible (Primary Industries South 
Australia 2019; Carnegie and Nahrung 2019). The 
eradication plan transitioned to a national 
management plan. GPS is “prohibited matter” under 
the New South Wales Biosecurity Act 2015. 
Similarly, GPS has not been detected in Queensland 
and is “prohibited matter” under the Queensland 
Biosecurity Act 2014 (Biosecurity Queensland 2019). 
NSW currently has an annual surveillance program 
for early detection of exotic forest pests, which 
includes surveillance for GPS (Carnegie et al. 2018b). 
GPS has not been detected from the surveillance of 
amenity trees and plantations to June 2021. 
 
GPS has not been detected in New Zealand (Gresham 
and Meurisse 2019). However, as in Australia, early 
detection will be key to any eradication attempts in 
New Zealand if detected (Gresham and Meurisse 
2019; Carnegie and Nahrung 2019). The full impact 
of GPS on Australia has not been assessed however 
climate change is likely to exacerbate pine decline 
(Avtzis et al. 2020; Fotelli et al. 2020). Natural 
enemies are absent in newly invaded countries such 
as Australia and Croatia (Fotelli et al. 2020). High 
populations of GPS often result in a reduction of 
insect biodiversity (Petrakis et al. 2011; Yesil et al. 
2005). Therefore, research is required in the short 
term at least on pesticide control (Avtzis et al. 2020). 
In the longer term, continued forestry surveillance 
pre- and post-border are required to minimise the 
damaging impacts of other incursions on the forestry 
industry (Nahrung and Carnegie 2021). 
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Figure 1. Presence of Marchelina hellenica (giant pine scale) on Pinus radiata in Melbourne: upper branches and 
(insert) close-up on trunk. Photo: A. Carnegie, NSW DPI. 
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Figure 2. Map of New South Wales showing GPS surveillance from 2014 to 2015, including public participation 
surveillance, targeted surveillance by government staff, and surveillance in Pinus plantations. 
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Figure 3. Map of Sydney basin showing GPS surveillance from 2014 to 2015, including public participation 
surveillance, targeted surveillance by government staff, and surveillance in Pinus plantations. 
 
 
 
 

 
 

Figure 4. Pine woolly aphid, Pineus pini, on Pinus radiata from regional NSW. Appearance on bark can be similar 
to GPS. Photo: A. Carnegie NSW DPI 
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GUAVA PSIDIUM GUAJAVA (L.) MAY HAVE THE POTENTIAL TO BE A GOOD 

HOST FOR MANY TEPHRITIDS 
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Summary 
Guava (Psidium guajava) is grown throughout the world and particularly in the tropics and subtropics. Fruit and other plant parts 
are used in folk and traditional medicine to treat a wide range of medical aliments. Guava is attractive to tephritids and a high 
percentage of crops are infested. I conducted a literature review to identify the host suitability index of ten tephritids. Most 
tephritids were reported in the highest category of “very good”, supporting >100 adults per kg of fruit. More research is required 
to further assess if guava is a very good host for other tephritids. 
 
Keywords: suitability, index, fruit fly, infestation 

 

  

INTRODUCTION – GUAVA PLANTS 
Guava (Psidium guajava L.) is one of the most 

ubiquitous tropical fruits of the Myrtaceae family and 

is commonly used as a food throughout the world 

(Sarwar et al. 2014). The plant can be found in all 

tropical and subtropical regions on America (Junior et 

al. 2013). Guava is frequently grown in orchards or 

harvested from the wild. Extracts of root, bark and 

leaves of guava are used in folk medicine to treat 

gastroenteritis, vomiting, diarrhoea, wounds, ulcers, 

toothache, coughs, sore throat, inflamed gums and 

many other conditions (Sarwar et al. 2014). 

Additionally, guava has been widely used in traditional 

medicine to treat hypertension, inflammation, pain and 

diabetes (Diaz-de-Cerio et al. 2017).  

  

Guava is sometimes included in the super foods 

because it is rich in dietary fibre, vitamins A and C, 

folic acid, dietary minerals, potassium, copper and 

manganese. Additionally, guavas have a low-calorie 

profile and are a source of antioxidants, carotenoids 

and polyphenols (Sarwar et al. 2014). Brazil is one of 

the world’s largest producers of guava with a 

production of 328,000 tonnes in 2009. Similarly, 

Mexico, has a long history of local consumption and 

guava export potential (Birke and Alija 2011). In 

Africa, guava is the third most important fruit grown in 

terms of area in Eritrea (Hussain et al. 2015). However, 

fruit flies are a major obstruction to guava 

commercialisation (Junior et al. 2013).  

 

GUAVA AS HOST PLANTS FOR FRUIT FLIES 

When ripe, guava fruit emit a pungent, musky or 

sweet-smelling odour that attracts fruit flies (Sarwar et 

al. 2014). Guava fruit may have some properties that 

promote or improve reproductive potential in the fruit 

fly life cycle. Carambola fruit fly, Bactrocera 

carambolae (Drew & Hancock), emerged from guava 

weighed 12.24 mg but only 8.16 mg when emerging 

from carambola (Averrhoa carambola L.) (Castilho et 

al. 2019). In a laboratory assessment with the choice 

of six host fruit, peach fruit fly (Bactrocera zonata 

(Saunders)) developed 318 pupae per guava fruit with 

an 88.6% emergence. This compared to banana, the 

second most preferred fruit, with 266 pupae per fruit 

with a 36.8% emergence (Rauf et al. 2013). Guava 

could support >1,000 pupae per kg when co-infested 

with Anastrepha fraterculus (Bezzi), A. striata 

(Schiner) and B. carambolae (Deus et al. 2016). 

 

Guava is a preferred and frequently damaged host fruit 

(Sarwar et al. 2014). In Africa, Hussain et al. (2015) 

found 31% of guava fruit were infested with 

Bactrocera dorsalis (Hendel) or Ceratitis capitata 

(Wiedemann) in Eritrea. Mwatawala et al. (2006) 

found Bactrocera invadens (Drew, Tsuruta & White) 

(syn. B. dorsalis, (Schutze et al. 2014)) infested 37.5% 

of fruit in Tanzania. Similarly, Rwomushana et al. 

(2008) reported 32.9 % of fruit was infested by B. 

invadens in Kenya. Additionally, Bactrocera invadens 

caused up to 92.5% infestation in Mozambique (Jose 

et al. 2013). Levels of infestation can be affected by 

country, season, altitude, climate and other factors 

(Mwatawala et al. 2006, Rwomushana et al. 2008, 

Follett et al. 2021). 
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Where no pest management is practiced, the entire 

guava crop is damaged (Quresh and Hussain 1993). In 

Pakistan, B. zonata infested up to 18.6% of guavas 

(Sarwar et al. 2014). In West Pakistan, B. zonata 

damaged 25-50% of fruit (Syed et al. 1970). High 

levels of infestation of guava resulted in abandoning 

production in Southern Pakistan (Sarwar et al. 2014). 

In India, B. correcta (Bezzi), guava fruit fly, caused 

fruit damage ranging from 60 to 80% (Jalaluddin et al. 
1999). 

 

In the Americas, similar issues are reported. 

Anastrepha sorocula (Zucchi) and A. zenildae 

(Zucchi) were bred from guava fruit however 

infestation rates were not recorded but samples were 

dominated by A. striata (Maciel et al. 2017). 

Regarding A. fraterculus, guava cultivars with the 

highest infestation rates were correlated with the 

highest soluble solids content and colour, with yellow 

fruit being more attractive (de Oliveira et al. 2014). In 

Costa Rica, A. striata was detected in 97.8% of all 

guava fruits (Junior et al. 2013). Anastrepha striata 

infested 70.8% of examined fruit in Ecuador (Junior et 
al. 2013) and 65.6% in eastern Amazon (Deus et al. 
2016). 

 

In Australia, guava is not grown commercially but is 

frequently found in urban backyards (Dominiak et al. 
2020; Lloyd et al. 2013). Regarding Bactrocera tryoni 
(Froggatt), Lloyd et al. (2013) found guava was more 

heavily infested (318 adults/kg) in the sub-tropical 

Queensland compared with the temperate New South 

Wales (92 adults/kg) (Dominiak et al. 2020) (Table 1.). 

In Western Australia, Woods et al. (2005) found guava 

heavily infested (160 adults/kg) by C. capitata. 

 

Table 1. Guava host suitability based on the number of pupae or adults detected in one kg of guava fruit. Host 
suitability index (HSI) based on Follett et al (2021). 

Species Pupae per kg 
of fruit and 

HIS 

Adults per 
kg of fruit 
and HSI 

Reference 

Anastrepha spp.* 231 (VG)  Maciel et al. (2017). 

Anastrepha fraterculus (Wiedemann) 261 (VG)  Ovruski et al. (2003). 

Anastrepha striata (Schiner) 86 (G)  Junior et al. (2013). 

Bactrocera dorsalis (Hendel) 217 (VG) 142 (VG) Jose et al. (2013). 

Bactrocera frauenfeldi (Schiner) 174-580 (VG)  Leblanc and Allwood (1996) 

Bactrocera tryoni (Froggatt)  92 (G) Dominiak et al. (2020). 

 318 (VG) Lloyd et al. (2013). 

Ceratitis anonae (Graham)  133 (VG) Copeland et al. (2006) 

Ceratitis capitata (Wiedemann)  160 (VG) Woods et al. (2005). 

Ceratitis cosyra (Walker)  948 (VG) de Graaf (2009) 

Ceratitis fascivenytris (Bezzi)  182 (VG) Copeland et al. (2006) 

Ceratitis rosa (Karsch)  1072 (VG) de Graaf (2009) 

 

* Sample was dominated by A. striata with 258 of the 273 Anastrepha spp (5 species) detected in guava fruit. 

VG = very good (>100 adults/kg of host fruit from Follett et al. (2021)) 

G = good (10-100 adults/kg of host fruit from Follett et al. (2021)) 

 

 
INDEX FOR REPORTING INFESTATION 

I used a literature review to gather data on tephritid 

infestation of guava fruit. Unfortunately, many papers 

report tephritid infestations in several formats and this 

makes comparison between host fruit or countries 

difficult. There is merit in reporting infestation in a 

standard format. Follett et al. (2021) proposed a host 

suitability index based on the capacity of different host 

fruit to support a complete life cycle of fruit flies. The 

index is based on the number of fruit flies that could 

complete their life cycle per kg of fruit. Ideally, data 

gathered from field infestations is more likely to reflect 

genuine capacity, compared with laboratory generated 

data (Cowley et al. 1992, Follett et al. 2021). In my 

review, some authors focused on detections of pupae 

per kg of fruit. This pupal data does not fully reflect 
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the host’s capacity to support the full life cycle (see B. 
dorsalis in Table 1), but it does serve as a guide in the 

absence of adult survival per kg of fruit. 

 

Unfortunately, there is less data published on guava 

compared to some worldwide commercially grown 

fruit. The available data is presented in Table 1. Most 

impressively, Ceratitis rosa (Karsch) produced 1072 

adults per kg (de Graaf 2009) and was the most 

efficient user of guava fruit flesh requiring only 0.93 g 

to complete their life cycle. This is compared to C. 
capitata (Wiedemann), much more widely distributed 

internationally, which used 6.25 g per adult (Woods et 
al. 2005). Generally, guava fruit fall into the highest 

category of suitability; this is a “very good” host 

supporting more than 100 adults per kg of fruit. This 

“very good” suitability compares with the suitability of 

fruit such as oranges (Citrus sinensis (L.) Osbeck) 
which supports a range of infestations such as 2 

pupae/kg (B. latifrons Hendel), 85 pupae/kg (Zeudacus 
cucurbitae Coquillett), 7 adults/kg (C. capitata), 11 

adults/kg (B. dorsalis Hendel), and 142 adults/kg (B. 
tryoni) (Ovruski et al. 2003, Mwatawala et al. 2006, 

McQuate et al. 2015; Dominiak et al. 2020). 

 

For commercial guava producers, this high suitability 

means that fruit fly management must be at a very high 

level to prevent fruit damage. In situations such as 

Australia, guava trees should be used in surveillance 

due to their attractiveness. Guava plants could be used 

to identify range extensions due to climate change 

(Simpson et al. 2020). Similarly, apples were reported 

as a preferred surveillance host tree for B. tryoni (Mo 

et al. 2014). More research is required to verify if 

guava is similarly very suitable for other tephritids. 

This literature review found data on only ten tephritid 

species (Table 1). 

 

This knowledge can be used for informed decisions in 

areas where fruit flies need to be managed, particularly 

for domestic or international trade. Deus et al. (2016) 

summarized multiple cases of tephritid exotic 

incursions in many countries. In surveillance, guava 

plants could be used a sentinel plants for the early 

detection of exotic fruit fly incursions or range 

extensions of endemic species. Additionally, this host 

suitability information could be used to assess the 

biosecurity risks due to the possible importation of 

guava fruit from other countries. 
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Summary 
The insect growth regulator pyriproxyfen in two formulations (Sumilarv 90 CS and Sumilarv 5 GR) was evaluated in semi-field 

trials for the control of immature stages of Culex quinquefasciatus Say.  In the first trial, the two formulations were compared 

with the industry standard Prolink 50 CS (50g/L s-methoprene) at the field application rate for Prolink (ie. 11gai/ha or 3.7 ppb) in 

50 L tubs.  All three products produced 100% emergence inhibition of a single generation.  In the second trial, Sumilarv 5 GR 

was evaluated in two-litre buckets over various nominal concentrations from 500ppb down to 0.5 ppb for five successive 

generations over 60 days.  When applied as a granule, Sumilarv 5 GR produced 100% emergence inhibition across 5 generations.  

However, where serial dilutions of Sumilarv 5 GR treated water were tested, efficacy was greatly reduced.  To investigate this 

phenomenon, the dilution process was repeated and samples analysed for pyriproxyfen content. The dilution process generated 

just 6 ppm (against the nominal 500 ppb) indicating that the granules were very stable in water and the pyriproxyfen was not 

readily released.  Further, the pyriproxyfen content of water over 10 weeks following application of granules (nominal 500 ppb) 

showed an erratic but gradual release of active ingredient and a peak concentration of just 8.5 ppb at 1 week declining to below 1 

ppb at 10 weeks. Pyriproxyfen was very effective in inhibiting emergence of Cx. quinquefasciatus adults for multiple generations 

at less than 10 ppb, and probably much lower. Sumilarv 5 GR when applied directly to water at 0.1g/L (nominal 500ppb) 

provided emergence inhibition for at least five generations over 60 days.  These results demonstrate that these products hold great 

potential to assist the management of mosquitoes of pest and public health concern. 

Key Words: pyriproxyfen, s-methoprene, Culex quinquefasciatus, Sumilarv, Prolink 

INTRODUCTION 
Culex quinquefasciatus Say is widely distributed in 

Australia and is closely associated with freshwater 

habitats, particularly those containing polluted waters, 

including stormwater retention pits, sewerage 

treatment ponds and septic tanks (Lee et al. 1989).  

The adult mosquito will bite a range of different hosts 

including humans and other mammals, birds and 
lizards (Elizondo-Quiroga et al. 2006, Garcia-Rejon et 
al. 2010, Kay et al. 1985, Niebylski and Meek 1992, 

Samuel et al. 2004) although in Australia it appears to 

be mostly ornithophilic (Jansen et al. 2009).  Cx. 
quinquefasciatus is a known vector of a number of 

pathogens of human health concern including the 

parasites that cause lymphatic filariasis as well as St 

Louis encephalitis and West Nile viruses 

(Bartholomay et al. 2010, Hayes et al. 2005, Kent et 
al. 2010).  However, it appears to be a poor vector of 

viruses more typically present in Australia such as 

Murray Valley encephalitis, Kunjin, Barmah Forest 
and Ross River viruses (Boyd and Kay 2000, Kay et 
al. 1982).  Notwithstanding the potential to transmit 

pathogens of human health concern, it is also 

considered a nuisance species to humans in Australia, 

especially when large populations of adult mosquitoes 

occur in close proximity to urban areas with adult 

mosquitoes often entering buildings.  The mosquito is 

also known to transmit pathogens of veterinary 

importance such as species of Plasmodium associated 

with avian malaria as well as potentially vectoring 

dog heartworm, certain viruses afflicting lizards and 

Myxoma virus to rabbits (Lee et al. 1989). 

In Australia there appears to be little or no focus on 

control of Cx. quinquefasciatus, presumably due to its 

perceived relatively low public health importance but 

also the operational challenges of delivering effective 

treatment given the diversity of potential breeding 

sites in urban environments.  Nevertheless, Cx. 
quinquefasciatus is susceptible to a range of 

commonly used larvicides including Bacillus 
thuringiensis israeliensis (Bti), Temephos, 

methoprene and pyriproxyfen (Mian et al. 2017, 

Russell et al. 2003).  It is important to note that while 

Bti is one of the most commonly used larvicides in 

Australia, its operational efficacy in urban habitats 

suitable for Cx. quinquefasciatus, containing water of 

a high organic content or where many weeks of 

residual control is required, may be reduced (Becker 

et al. 1992; Russell et al. 2003). In these 

circumstances, insect growth regulators may provide 

more reliable control of mosquito populations (Mian 

et al. 2020). 

Semi-field trials were conducted in Sydney 

(Australia) in 2010 to evaluate two formulations of 
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the insect growth regulator Pyriproxyfen, Sumilarv 90 

CS (90g/L capsule suspension) and Sumilarv 5 GR 

(5g/kg granule) for control of immature Cx. 
quinquefasciatus in small containers (2L buckets and 

50L tubs) which emulate the preferred type of larval 

habitats that occur in residential and commercial 

environments. 

MATERIAL AND METHODS 
In trial 1, Sumilarv 90 CS and Sumilarv 5 GR 

(manufactured by Sumitomo Chemical Co, Japan or 

its subsidiaries) were compared with the standard IGR 

product used in Australia (Prolink Liquid Larvicide – 

50 g/L capsule suspension of s-methoprene), 
manufactured by Wellmark, USA.  Prolink is used at 

220 mL/ha (11 gai/ha) assuming water depth up to 30 

cm and clean water. Trial 2 involved only Sumilarv 5 

GR.  The first trial was to determine relative efficacy 

of all the products at the standard field application rate 

for Prolink and the second to evaluate the relative 

efficacy of different rates of Sumilarv 5 GR. 

All mosquito larvae were sourced from a laboratory 
colony maintained by the Department of Medical 

Entomology, NSW Health Pathology, Westmead 

Hospital, Sydney and transported to the University of 

Technology Sydney trial site.  The strain originated 

from Marsfield Park (Sydney) and has been cultured 

since 1998.   

The two trials were commenced simultaneously in 

mid-October 2010 with trial 1 completed in 12 days 
while trial 2 extended over 60 days.  Water 

temperatures in the tubs used in trial 1 ranged from 16 

oC to 22 oC whilst the water temperature in the 

buckets used in trial 2 ranged from 15 oC to 23 oC.  

Mean daily minimum and maximum temperatures 

were 11.9 oC and 22.7 oC respectively during trial 1 

and 11.9 oC and 24.0 oC respectively during trial 2. 

Trial 1: Relative efficacy of Sumilarv 90 CS, 
Sumilarv 5 GR and Prolink (Semi-field trial) 
Plastic tubs with a capacity of 50L were placed under 

an outdoor shelter to prevent dilution by rainfall but 

otherwise exposed to natural conditions including 

sunlight and wind during at least part of the day. 

Tubs were filled with Sydney tap water and water 

conditioner (Prime Freshwater and Saltwater 

Conditioner, Seachem Laboratories) added and 

allowed to stabilize for 2 days.  Larvae were provided 

with a combination of food items – fish flakes, 

brewer’s yeast and sugar, together with 3 floating 
goldfish pellets (Wardley Premium Goldfish Floating 

Pellets, The Hartz Mountain Corporation) in each tub 

at the beginning of the trial.   Fifty 3rd instar larvae 

were placed in each tub with 5 replicates of each 

treatment.  Prolink was applied at the standard rate 

equivalent to 11gai/ha based on 30cm water depth as 

were the two formulations of Sumilarv (90 CS and 5 

GR) giving a nominal concentration of 3.7 ppb (AI) 

for all three treatments. Once pupation was observed, 

fine gauze netting was placed over each tub to prevent 

adults escaping on emergence.  Total adult emergence 

was determined at the end of the 2 week period 

following treatment.  

Trial 2: Efficacy of Sumilarv 5 GR (Semi-field 
trial) 
A semi-field trial was conducted to evaluate the 

emergence inhibition of various dilutions of Sumilarv 

5 GR in small 2L plastic buckets.  Buckets were 

placed under an outdoor shelter to prevent dilution by 

rainfall but otherwise exposed to natural conditions 
including sunlight and wind during at least part of the 

day.  Buckets were filled with Sydney tap water and 

water conditioner added and allowed to stabilize for 2 

days. There were 5 replicates for each treatment.  

Larvae were provided with a combination of food 

items – fish flakes, brewer’s yeast and sugar, together 

with one floating goldfish pellet in each bucket at the 

beginning of the trial.    

Following treatment, five consecutive generations of 

late-instar larvae were exposed to each of the 

treatment rates over a total period of 60 days.  For 

each generation, 20 3rd instar larvae were placed in 

each bucket.  Once pupation was observed, fine gauze 

netting was placed over each bucket to prevent adults 

escaping on emergence.  Buckets were monitored 

daily for adult emergence.  After each round of adult 

emergence was completed in all buckets, the next 

generation of 3rd instar larvae were added.  Once 

emergence inhibition fell below 80% for two 
consecutive generations that treatment rate was 

discontinued. 

In one treatment, 0.2 g product was added to each 

bucket giving an effective concentration of 500 ppb. 

Given that Pyriproxyfen is known to be effective at 

very low levels on Cx. quinquefasciatus (Ali et al. 
1999, Amalraj et al. 1988, Ansari et al. 1991, Mulla et 
al. 1986, Schaefer and Mulligan 1991, Schaefer et al. 
1988) it was thought to be logistically difficult to 

measure such minute quantities of granules  
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Figure 1: Emergence inhibition for Sumilarv 5 GR and nominal dilutions 500ppm down to 0.5ppm for 5 
generations over 60 days (n=5).  Vertical bar is the SEM.  Black dot indicates that no assay conducted.

accurately for the lower concentrations.  Instead, 

granules were placed into water (0.1 g/L = 500 ppb) 

and vigorously shaken for 1 hour after which the 

diluent was extracted, and serial dilutions down to 0.5 
ppb (nominal) pyriproxyfen (equivalent to 0.2 mg 

product/bucket) were prepared. 

During the trial it became clear that larvae in those 

treatments containing diluents, particularly lower 

concentrations, remained healthy with low rates of 

mortality occurring as evident by the high number of 

mosquitoes emerging as adults.  This was in direct 

contrast to the treatment involving direct granule 

application that achieved 100% emergence inhibition 

over 5 generations.  This result suggested that the 
nominal treatment rates were not achieved by the 

process used to create the diluent stock.  Therefore, 

the dilution procedure was duplicated so that the 

starting diluent concentration (nominal 500 ppb) 

could be analysed to determine Pyriproxyfen content. 

There were four test containers and two 5 mL aliquots 

were removed from each for analysis. Aliquots were 

taken from 2 cm below the surface in the center of the 

jars.   

To better understand the concentration decline of 

pyriproxyfen in Sumilarv 5 GR treated water over 

time, 0.2 g product (nominal 500ppb) was added to 

each of four 2 L buckets under the same conditions as 

the original trial and water samples extracted over a 

10-week period (specifically at 1 hr, 6 hr, 2 d and 1, 2, 
4, 6, 8 and 10 wk after treatment).  A single 5mL 
aliquot was removed from each bucket at each time 
period, taken from 5 cm below the surface in the 
centre of the bucket.  Bucket weights were measured 
at the beginning of the trial and at the end to 
determine evaporation rates.  There was no intent to 
maintain the buckets at 2 L, reflective of natural 
conditions under cover.

Laboratory Analysis: Water samples were supplied 
to ACS Laboratories (Australia) (Kensington, 
Victoria) for analysis of pyriproxyfen content.  Each 

sample was diluted 1:1 Acetonitrile and then filtered 
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Figure 2: Pyriproxyfen concentrations in test solutions (4 replicates).  Range is shown by the black vertical bar 
(n = 2 samples). 

Figure 3: Mean (and range) of pyriproxyfen concentrations in stored 2 L containers (n = 4 replicates, single 
sample) over a 10 week period following application of Sumilarv 5 GR granules.  Range is shown by the black 
bar. 



through a 0.2 µm Teflon syringe filter into a 2 mL 

glass vial.  Two microliters of the diluted sample was 

then injected onto a Waters BEH C18 column (1.7 

µm, 50 x 2.1 mm) using a Waters Aquinity UPLC-

MS-MS (ultra-high pressure liquid chromatography 

with Tandem mass spectrometry detection).  

Pyriproxyfen was eluted with a mixture of acetonitrile 

and 5 mM trifluoroacetic acid (75:25) at 0.5 mL/min 

and quantified by external calibration.  Limit of 

detection (LOD) was 0.05 ppb. 

RESULTS 
Trial 1 
In the semi-field study using 50 L tubs, Prolink, 

Sumilarv 90 CS and Sumilarv 5 GR all provided 

complete emergence inhibition of Cx. 
quinquefasciatus at the equivalent of 11 gai/ha 

(nominal 3.7 ppb).  Mean emergence for the control 
treatment was 70.4% (± 6.8 SD).   

Trial 2 
Sumilarv 5 GR, applied as a granule, remained 

effective in inhibiting adult emergence over 5 

generations (60 days) (Figure 1).  However, an 

aqueous dilution of the product at the nominal rate of 

500 ppb provided 100% emergence inhibition for 3 

generations only and for 50 ppb only one generation. 

Laboratory assays of test solutions showed that the 

effective dose levels were much less than expected 

(Figure 2) with an overall mean and SE of 5.975 ± 

0.260 ppb.  Hence, the beginning concentrations in the 
test solutions was actually only ca. 6ppb (or only 

1.2% of nominal) with subsequently serial dilution to 

ca. 0.6, 0.06 and 0.006 ppb.   

Concentrations of pyriproxyfen derived from water 

samples taken for 2 L buckets treated with 0.2 g/2 L 

Sumilarv 5 GR granules measured over 10 weeks 

showed that concentration during the initial stages 
was highly volatile (Figure 3) between replicates and 

over time.  Over this period, pyriproxyfen 

concentration in water, varied widely from 0.2 to 16 

ppb (range) and  0.5 to 8.6 ppb (mean) and there was 

no clear decline curve (Figure 4).  Nevertheless, the 

general direction was a decline in detected residues 

over the 10 week period.  The initial results also 

closely match the concentrations demonstrated in the 

repeated test dilutions (Figure 2).  Note also that total 

evaporation of moisture over 10 weeks was ca. 20% 

(19.95% ± 1.65% SE) which suggests the residue 

decline over 10 weeks was probably understated. 

DISCUSSION 
The results of these experiments demonstrate the 

effectiveness of these insect growth regulators to 

control populations of Cx. quinquefasciatus and, 

potentially, other mosquitoes of pest and public health 

importance associated with urban habitats. 

The results of trial 1 demonstrated that the two 

formulations of Sumilarv provided comparable 

efficacy in controlling immature stages of Cx. 
quinquefasciatus to the standard application of 

Prolink.  Sumilarv 90 CS and 5 GR formulations, 

when applied at the equivalent rate to Prolink 

(11gai/ha or 3.7 ppb), provided complete emergence 

inhibition of one generation of Cx. quinquefasciatus 
larvae, equivalent to Prolink.  Note that chemical 

analysis of treated water from trial 2 would suggest 

that the actual pyriproxyfen concentration in the 

Sumilarv 5 GR treatment was most likely to be much 

less than 3.7 ppb, further confirming the efficacy of 

this product for mosquito control. 

In trial 2, Sumilarv 5 GR, when applied as a granule 

directly into water, provided emergence inhibition of 

5 successive generations of Cx. quinquefasciatus for 

60 days.  Over this period, pyriproxyfen concentration 

in water, varied widely from 0.2 to 16 ppb (range) and  

0.5 to 8.6 ppb (mean) and there was no clear decline 

curve (Figure 4).   The range of values coincided 

closely with the earlier study on Aedes aegypti L. 

(Ritchie et al. 2013) where similar methodology was 

used and in their study concentrations in water were 

also erratic during the first 8-10 weeks. It should be 

noted that this study was conducted prior to that 

reported by Ritchie et al. (2013).  That study benefited 

from the knowledge that serial dilution was not an 

appropriate technique and utilized actual granules, 

weighed with a laboratory 4-place balance.  It also 

mirrored the results of a similar and contemporaneous 

study on Aedes vigilax Skuse where the same rates of 

Prolink and Sumilarv 5 GR were applied (Webb et al. 
2012).  The result reported here has important 

implications for other researchers undertaking testing 

of comparable control agents and using the serial 

dilution method. 

Our attempt to simulate lower concentrations by 

vigorous shaking of granules in water and then serial 

dilution was not successful because only limited 

amounts of pyriproxyfen were liberated in the process – 
only ca. 1% of total pyriproxyfen (ca. 5 ppb) was 
liberated which matches what we saw from the 
laboratory assessment of the diluent and of the natural 
release of pyriproxyfen from granules in both this 
study and that of Ritche et al. (2013). This suggests 
that the release of pyriproxyfen from granules is slow 
and that even vigorous shaking does not cause the 

granules to disintegrate or release
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Figure 4: Decline in Pyriproxyfen concentrations (ppb) over time following application of Sumilarv 5 GR 
granules at 0.1g/L in the present study compared with Ritchie et al. (2013).  

additional active ingredient.  The level of 

pyriproxyfen in the water over the course of the study 

was sufficient to completely inhibit emergence for 5 

consecutive generations over 60 days.  For A. aegypti, 
Ritchie et al. (2013) achieved 8-10 weeks emergence 

inhibition at nominal 50 ppb and 40 weeks with 500 

ppb.  While the two species have different levels of 

susceptibility, it is likely that the length of emergence 

inhibition of Cx. quinquefasciatus may have been 

much longer than 60 days, had the trial continued. 

Pyriproxyfen has been shown to be very effective 

against Cx. quinquefasciatus in a wide range of 

laboratory and field trials.  In laboratory bioassays, 

LC50 values have ranged from 0.018 to 0.29 ppb on 

Cx. quinquefasciatus of various strains and from 

various countries (Ali et al. 1999, Amalraj et al. 1988, 

Ansari et al. 1991, Mulla et al. 1986, Schaefer and 

Mulligan 1991, Schaefer et al. 1988) and the 

maximum LC90/LC95 value was 1.1 ppb (Ali et al. 
1999).  Under field conditions, Sumilarv 5 GR has 

similarly shown high levels of emergence inhibition 

of Cx. quinquefasciatus under a range of 

environmental conditions (Amalraj et al. 1988, Ansari 

et al. 1991, Chavass et al. 1995, Jambulingham et al. 
2008, Mulligan and Schaefer 1990, Nayar et al. 
2002), decreasing with quality of water and water 

movement.  Amalraj et al. (1988) found that rates of 

10 ppb provided up to 6 weeks emergence inhibition 

in concrete water tanks but 50 ppb was required to 

give 1 week emergence inhibition in heavily polluted 

cesspits.   Chavasse et al. (1995) treated open polluted 

breeding sites in Dar es Salaam (Tanzania) with 

Sumilarv 5 GR at the rate of 100 ppb and achieved 11 

weeks of complete emergence inhibition.  In 
Pondicherry (India) Sumilarv 5 GR was applied to 

disused wells, cesspits and drains at various rates from 

the equivalent of 10 to 167 ppb (Jambulingham et al. 
2008) and the predicted EI80 values ranged from 4 

weeks for slow moving drains treated at ca. 167 ppb 

to 28 weeks for disused wells treated at ca. 33 ppb.  

All of these studies focused on mosquito control 

relative to application rate and hence there is no 

indication of the actual concentration of pyriproxyfen 

in water or speed of release from the granules.  

Further, pyriproxyfen is known to affiliate with 

organic material either in suspension, in the substrate 
or in the walls of containers in which the tests are 
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conducted (Amalraj et al. 1988, Jambulingham et al. 
2008, Mulligan and Schaefer 1990, Suman et al. 
2013, Vythilingam et al. 2005).  The results from this 

study and those of Ritchie et al. (2013) suggest that 

concentration in water following an application of 

Sumilarv 5 GR may only be a fraction of the applied 

rate.  Yet, a large number of trials indicate that 

emergence inhibition over a long period may be 

achieved with very low doses.  Granules may continue 

to release pyriproxyfen over a long period of time or 
pyriproxyfen affiliated with organic material may 

dissociate over time or more simply, foraging 

mosquito larvae may ingest organic material 

containing pyriproxyfen (Mulligan and Schaefer 

1990). 

With an emphasis on improved water storage and 

management in urban areas, there is the potential for 
the creation or enhancement of conditions suitable for 

mosquitoes of pest and public health concern such as 

Cx. quinquefasciatus.  The results of this study have 

demonstrated that long periods of effective control of 

immature mosquito populations in these habitats can 

be achieved through the use of pyriproxyfen in the 

formulations tested here.  Consideration by local 

mosquito control authorities should be given to the 

incorporation of these products into their integrated 

mosquito management programs. 
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Summary 
Mungbean has potential for expansion as an opportunity crop planted on residual soil water after flood on active floodplains in 
Cambodia. However, mungbean production is severely affected by insect pests and excessive application of chemical insecticides 
has led to increased losses from secondary pests such as bean flower thrips (Megalurothrips usitatus Bagnall). In an exploratory 
study, we evaluated the effectiveness of blue and yellow sticky traps as part of an integrated management strategy to control bean 
flower thrips in mungbean at three locations in Battambang province in the early dry season 2021. The sites were situated in three 
different agro-ecological systems: semi-urban (Sala Balat); lowland rice (Os Tuk); and intensive mungbean (Preaek Trab). Blue 
sticky traps, impregnated with thrip pheromone, were six-times more effective than yellow traps for capturing thrips. Thrip 
numbers varied between sites but increased in a linear fashion between 15 and 35 days after sowing at Preak Trab which has a 
history of intensive insecticide use in mungbean. A concern with blue traps was that they were more effective than yellow traps 
for capturing beneficial ground beetles, rove beetles and hoverflies. Therefore, further study is required to determine potential 
adverse impacts of deployment of blue sticky traps. This study confirmed the potential value for blue sticky traps to monitor and 
potentially control bean flower thrips in mungbean in North-West Cambodia. We also put forward a range of Integrated Pest 
Management (IPM) options to manage bean flower thrips in mungbean and the challenge is to find a way to have them adopted. 
Transfer of technical information in this community is primarily through the village network, especially for information on 
fertilisers and pesticides. The key to an effective strategy is to engage the key influencers on insect pest management to facilitate 
adoption of IPM in mungbean. 

Keywords: integrated pest management, insecticide, mungbean, pod borer, thrips  

INTRODUCTION 

Mungbean (Vigna radiata L. Wilczek) is a short-
duration legume crop grown in a range cropping 
systems in the tropics and subtropics (Poehlman 1991). 
In Cambodia, mungbean is grown in the early wet 
season (February to May) in upland cropping systems 
and in the early dry season (December to March) after 
flood waters recede in lowland rice cropping systems 
(Martin et al., 2020).  

In Cambodia, mungbean growers apply non-selective 
broad-spectrum insecticides at least 10 times per crop 
cycle (Martin et. al., 2020). Pesticide misuse results in 
failure to kill the target pest, which might increase 
either its number (resurgence) or that of a formerly 
minor pest (secondary pest outbreak). Insecticide 
misuse can also result in the development of 
insecticide-resistant populations (Srinivasan et. al, 
2019). For instance, the main insect problem in 
mungbean in Preaek Trab village Battambang 
province, is the bean flower thrip (Megalurothrips 
usitatus Bagnall), which appears to be a secondary pest 
outbreak due to overuse of chemical insecticides.  

Hinchcliffe et al. (2019) carried out inspections of 
mungbean crops in Preaek Trab village in January 

2018. Larvae of cluster caterpillar (Spodoptera litura 
Fabricius) and leaf folders (Omiodes indicata 
Fabricius, O. diemenalis Guenée) were the most 
common defoliators during the vegetative stage. There 
were also significant populations of cowpea aphid 
(Aphis craccivora Koch). Aphid predators present 
included ladybirds (Cheilomenes sexmaculata 
Fabricius, Coccinella transversalis Fabricius and 
Micraspis discolor Fabricius). Although not observed 
in 2018, bean flower thrips were observed to be a major 
pest of mungbean crops in 2019 (Martin et al., 2020). 

The Maruca pod borer (Maruca vitrata Fabricius) has 
been replaced by bean flower thrips in cowpea (Vigna 
unguiculata L. Walp.) in South China (Tang et. al. 
2016a). The build-up of thrips was attributed to the 
indiscriminate use of insecticides resulting in 
insecticide resistance and increased populations (Tang 
et al. 2016a). The same appears to have happened in 
Preaek Trab village. 

Srinivasan et.al. (2019) developed and validated an 
integrated pest management (IPM) strategy for the 
control of insect pests on yard-long bean (Vigna 
unguiculata subsp. sesquipedalis (L.) Verdc.) in 
Cambodia. The strategy was based on combinations of 
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Bacillus thuringiensis Berliner, Metarhizium 
anisopliae (Metschnikoff) Sorokin and a leaf extract 
from neem (Azadirachta indica A. Juss.). Populations 
of bean flower thrip, cowpea aphid and Maruka pod-
borer were reduced to levels achieved by use of 
abamectin insecticide without compromising yield. 
Sticky traps were not used because of lack of 
availability at the time of the study in 2015 and 2016. 
Blue and yellow sticky traps had become 
commercially available in Cambodia by 2019.  

Tang et al. (2016b) investigated the effectiveness of 
different coloured sticky traps to monitor bean flower 
thrips and beneficial insects in cowpea in South China. 
Up to five times more thrips were caught on blue traps 
than on yellow traps and capture of beneficial insects 
was 1.7 times higher on yellow than on blue traps. The 
major natural enemies were predatory ladybirds and 
pirate bugs Orius spp. Tang et al. concluded that sticky 
traps could be used not only as a monitoring tool but 
also as a control measure for bean flower thrips. 

An IPM strategy for mungbean was proposed by 
Martin et al. (2020). During the vegetative stage the 

strategy is to avoid using chemical insecticides unless 
leaf loss is greater than 30% or there are 8–9 folded 
leaves per plant. Use of biological insecticides are 
recommended to control caterpillars as well as bean 
flower thrips. During the reproductive stage, buds and 
flowers are inspected for podborer larvae and pod-
sucking insects. If economic thresholds are exceeded, 
selective insecticides that do not harm beneficial 
arthropods such as ladybirds are recommended. 
This study was carried out to evaluate the merit of 
including sticky traps in the IPM strategy by 
quantifying the effectiveness of blue and yellow 
coloured sticky traps for the monitoring and/or control 
of thrips and other insect pests of mungbean compared 
to farmer-practice and to explore options for wider 
adoption of blue sticky traps and other IPM products 
in mungbean production in Cambodia. 

MATERIALS AND METHODS 
The research was carried out at three study sites in 
Battambang province, North-West Cambodia (Figure 
1).  

Figure 1. Location of study sites 

An experiment was set up to evaluate blue and yellow 
sticky traps for capture and control of bean flower 
thrips at three locations: Os Tuk (12°57'48.39"N, 
103°20'36.96"E); Preaek Trab (13°12'37.79"N, 
103°17'25.88"E); Sala Balat (13° 4'37.79"N, 
103°10'28.12"E).  

At Preaek Trab mungbean variety DX-208 (Vietnam) 
was hand-broadcast at 30 kg ha-1 on 30th November 
2020. At Sala Balat, Cambodian mungbean variety 
CMB-2 (Ouk et. al., 2009) was planted at 24 kg ha-1 
using a Kubota 4-wheel tractor seed drill at 60 cm row-
spacing on 1st December 2020. At Os Tuk, mungbean 
variety DX-208 was planted at 22 kg ha-1 using a 

Vence Tudo no-till planter in 40 cm row-spacing on 
25th December 2020. Bradyrhizobial liquid inoculant 
was applied to mungbean seed prior to sowing to 
promote symbiotic N2-fixation (Tittabutr et al. 2007).  
At each site, three 40*40 m plots were marked out for 
IPM practice plus blue traps (a), IPM practice plus 
yellow sticky traps (b) and for farmer practice (c). Four 
sticky traps of each colour were installed 20 m apart in 
a square in each plot. Traps were installed 15, 25 and 
35 days after sowing and replaced by fresh traps at 10 
day intervals. The individual farmer’s practice for 
insecticide use was applied in the farmer practice plots. 
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Commercially-available cardboard sticky traps, coated 
with viscose, were used. Yellow traps (Liangjiang City 
Special Products Company, China) were pre-
impregnated with fruit and melon fly food lure. Blue 
traps (Quanzhow Lvpusen Biotech Co. Ltd., China) 
were pre-impregnated with thrips pheromone. The 
effective capture area of the blue sticky traps was 735 
cm2 and 878 cm2 for yellow sticky traps. Numbers of 
larger insects (>5mm) were recorded for the whole 
sheet whilst numbers of thrips were recorded from four 
2 * 3 cm (6 cm2) subsamples cut from each sheet. 
A field guide to insects of upland crops in Cambodia 
(Pol et al., 2010) was used to identify the bulk of insect 
species associated with the mungbean crops. An 
Optika SZN-1 stereo microscope was used with a 
zoom range of 0.67x – 4.5x (zoom factor: 6.71:1) to 
photograph and count smaller insects on sticky traps. 
Photos of unidentified insects were uploaded for 
identification to an iNaturalist site  
(https://www.inaturalist.org/projects/camsid-ipm) set 
up for the project  
(https://aciarcambodiasidproject.wordpress.com/). 
Although all of the insects of economic importance 
were identified, a number of insects on the sticky traps 
could not be identified. The full list of insect specimens 
identified is given in Appendix 1. 

The bio-insecticide, Beauveria bassiana, was applied 
as a 2% solution in water at a rate of 500 g ha-1 at 15 

and 25 days after sowing. The B. bassiana strain used 
was IPL/BB/M1/01 (Mascarin and Jaronski, 2016) 
containing 1*109 colony forming units (CFU) g-1 as a 
wettable powder (Daman™, International Panaacea 
Ltd., New Delhi, India). During the reproductive stage, 
phenological data were collected according to 
standardised growth stages (Pookpakdi et al., 1992). 
Counts of insects were amalgamated into 18 groups 
according to family and pest or beneficial status. The 
insect groups and totals for beneficial and pest insects 
were analysed for the main effects and interactions in 
the factorial analysis of site * days after sowing * 
colour. Data were analysed using the IBM© SPSS© 
statistical program version 22. All insect count data 
were transformed using loge to normalise residual 
effects to overcome correlation between mean and 
variance (Steel and Torrie, 1980). 

RESULTS 
Insects belonging to 12 Orders were found on sticky 
traps and by visual inspection in mungbean crops at the 
three study locations (Appendix 1, Appendix 2). A 
total of 90 insect specimens were identified to family 
level, 76 to genus and 54 to species level. Sixty-seven 
species were found on sticky traps and 57 species were 
found by visual inspection of mungbean crops. 
Beneficial insects and insect pests were in similar 
numbers on sticky traps compared to field inspection 
(Table 1). 

Table 1. Number of beneficial, pest and neutral species found on sticky traps and by visual inspection 
Role Sticky traps Visual inspection 
Beneficial 26 24 
Neutral 11 6 
Pest 30 27 
Total 67 57 

The significant effects for site, days after sowing and 
trap colour for six groups of beneficial insects are 
given in Table 2. Main effects were significant for all 

groups for site and days after sowing but only tachinid 
flies and damselflies/dragonflies differed in response 
to the main effect for trap colour (Table 2).  

Table 2. Significance for main effects and interactions for site, days after sowing (das, d) and trap colour for six 
groups of beneficial insects (loge-transformed data) 

Beneficials group Site DAS Colour S*D S*C D*C S*D*C 
Ground beetles (Coleoptera, Carabidae) ** ** NS ** * ** NS 
Ladybirds (Coleoptera, Coccinellidae) ** * NS ** NS NS NS 
Rove beetles (Coleoptera, Staphylinidae) ** ** NS ** ** NS NS 
Hoverflies (Diptera, Syrphidae) ** ** NS ** NS * NS
Tachinid flies (Diptera, Tachynidae) ** * ** ** * NS NS
Damselflies, Dragonflies (Odonata) ** ** ** ** ** ** **

* = Significance at 95% level, ** = significance at 99% level, ns = not significant.
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The site * days after sowing interaction was significant 
for all groups (Table 2, Figure 2). However, the groups 
responded differently to the site * days after sowing 
interaction. Ground beetles and rove beetles responded 
similarly with low numbers at Os Tuk (Figure 2a, b). 
At both Sala Balat and Preaek Trab, there were larger 
numbers of ground beetles, which declined from 15 to 
35 days after sowing (Figure 2b).  

At Sala Balat and Preaek Trab, numbers of ladybirds 
declined from 15 to 35 days after sowing, whereas 
ladybird numbers (Micraspis discolor) increased 
dramatically at 35 days after sowing at Os Tuk (Figure 
2c).  
Hoverfly numbers increased from 15 to 35 days after 
sowing at all sites but most dramatically at Os Tuk 
(Figure 2d). Tachinid flies were fewest at Sala Balat 
but increased between 15 and 35 days after sowing. In 
contrast, tachinid flies were in larger numbers at Os 
Tuk and Preaek Trab but decreased from 15 to 35 days 
after sowing (Figure 2e). Damselflies were in large 

numbers at 35 days after sowing at Sala Balat but in 
low numbers at the other sites (Figure 2f). 

Ground beetles and rove beetles were more common at 
Sala Balat, and more were captured on blue sticky traps 
compared to yellow sticky traps (Figure 3a, b). There 
were few ground and rove beetles at Os Tuk and at 
Preaek Trab, rove beetles were caught more frequently 
on yellow traps.  

Tachinid fly numbers were low at Sala Balat and there 
was no effect of trap colour (Figure 3c). In contrast, 
there were larger numbers of tachinid flies at Os Tuk 
and Preaek Trab and significantly more were caught on 
blue sticky traps. 
There were significant numbers of damselflies and 
dragonflies at Sala Balat and they were strongly 
attracted to yellow rather than blue sticky traps. In 
contrast, there were low numbers of damselflies and 
dragonflies at Os Tuk and Preaek Trab (Figure 3d). 

Table 3. Significance for main effects and interactions for site, days after sowing (das, d) and trap colour on 
number of bean flower thrips (loge-transformed data) 

Source of variation group Site DAS Colour S*D S*C D*C S*D*C 
Bean flower thrips **1 ** ** ** ** ** NS 

1 * = significance at 95% level, ** = significance at 99% level, ns = not significant. 

There were significant interactions for days after 
sowing and trap colour for three beneficial groups 
(Figure 4). Ground beetles were more common at 15 
days after sowing and more commonly caught on blue 
traps. (Figure 4a). Hoverflies were in greatest numbers 
at 35 days after sowing and more frequently caught on 
blue traps (Figure 4b). Dragonfly and damselfly 
capture increased from 15 to 35 days after sowing but 
predominantly on yellow traps (Figure 4c). 

Because of insufficient numbers for some beneficial 
species and pest groups (Table 1), the factorial analysis 
(site * days after sowing * trap colour) was also done 
on the total for beneficials and pests (loge transformed 
data). There was a significant interaction between site 

and days after sowing for both beneficials and pests 
(Figure 5).  

The interaction between site and days after sowing was 
significant for both beneficials and pests (Figure 5). 
Both beneficials and pests declined from 15 to 35 days 
after sowing at Preaek Trab. In contrast, both 
beneficials and pests declined from 15 to 25 days after 
sowing but increased between 25 and 35 days after 
sowing at both Sala Balat and Os Tuk (Figure 5). 

There was no significant main effect for trap colour for 
either beneficial or pest insects. However, there was a 
significant interaction between trap colour and days 
after sowing for both beneficials and pests (Figure 6).  
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Figure 2. Interaction between site and days after sowing (days after sowing) for six beneficial insect groups (loge 
transformed data). Error bars represent the 95% confidence intervals.  

(a) Ground beetles (b) Rove beetles

(c) Ladybirds
(d) Hoverflies

(e) Tachinid flies (e) Damsel/dragonflies
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Figure 3. Interaction between site and trap colour for four beneficial groups (loge transformed data). Error bars 
represent the 95% confidence intervals 

(a) Ground beetles (b) Rove beetles

(c) Tachinid fl (c) Tachinid flies (d) Damsel/dragonflies
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Figure 4. Interaction between days after sowing (DAS) and trap colour for three beneficial groups (loge 

transformed data). Error bars represent the 95% confidence intervals 

(a) Ground beetles (b) Hoverflies

(c) Damsel/dragonflies
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Figure 5. Interaction between site and days after sowing for numbers of (a) beneficials and (b) pests (loge 

transformed data). Error bars represent the 95% confidence intervals 

Figure 6. Interaction between trap colour and days after sowing (DAS) for numbers of (a) beneficials and (b) 

pests (loge transformed data). Error bars represent the 95% confidence intervals 

(a) Beneficials (b) Pests

(a) Beneficials
(b) Pests
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There were high numbers of beneficials at 15 days after 

sowing, numbers were lower at 25 days after sowing 

and beneficials increased again at 35 days after sowing 

(Figure 6a). Pest numbers were greatest at 15 days after 

sowing (Figure 6b). 

The main effects for site, days after sowing and trap 

colour for numbers of BFT were all significant as were 

all two-way interactions but the three-way interaction 

(site * days after sowing * colour) was not significant 

(Table 3).  

The number of thrips increased in a linear fashion 

between 15 and 35 days after sowing at Preaek Trab 

and at 35 days after sowing, there were more than twice 

the number of thrips captured at Preaek Trab compared 

to Sala Balat and Os Tuk (Figure 7). Thrips numbers 

were high initially at Os Tuk but declined, not 

significantly, from 15 to 35 days after sowing. At Sala 

Balat, thrips numbers were low at 15 days after sowing, 

increased to 25 days after sowing and then decreased, 

not significantly, at 35 days after sowing (Figure 7).  

Figure 7. Interaction between site and days after sowing for thrip numbers (loge transformed data). Error bars 

represent the 95% confidence intervals 

Blue traps captured significantly more thrips than 

yellow traps at all three sites and six times more thrips 

were captured on blue traps compared to yellow traps 

on average. The largest number of thrips caught on 

blue traps was at Os Tuk and the largest number caught 

on yellow traps was at Preaek Trab (Figure 8a). There 

were progressively more thrips caught on blue traps 

from 15 to 35 days after sowing, whereas the most 

thrips caught on yellow traps was at 25 days after 

sowing (Figure 8b).  

Since 2018, there has been a trend towards reduced use 

of organophosphate and pyrethroid insecticides in 

Preaek Trab village. Correspondingly, five additional 

insecticides (spinosad, spinetoram, pyriproxyfen, 

lufenuron, and pyridaben) were in use in 2021. The use 

of neonicotinoids (acetamiprid, dinotefuran, 

imidacloprid, nitenpyram, and thiamethoxam) 

remained high between 2018 and 2021.  

In South China, bean flower thrips have replaced the 

Maruca pod borer as the most economically damaging 

pest of cowpea as a result of the indiscriminate use of 

insecticides, which has resulted in insecticide 

resistance in bean flower thrip (Tang et al. 2016a). In 

this cowpea cropping system, bean flower thrip 

populations have developed resistance to  

acetamiprid, cypermethrin, emamectin benzoate, 

imidacloprid and spinetoram (Tang et al. 2016a). The 

results of our study suggest a similar situation where 

Maruca pod borers were rarely found in the 2021 

mungbean crops or on sticky traps. In contrast, bean 

flower thrip was the most common insect pest found 

both by visual inspection and on sticky traps. 
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Furthermore, despite intensive use of insecticides, 
bean flower thrip populations continued to increase 
after 35 days after sowing at Preaek Trab, whereas at 

Sala Balat and Os Tuk, thrip populations plateaued at 
25 days after sowing 

(7).  

Figure 8. Interactions for (a) site and trap colour and (b) days after sowing and trap colour for thrip numbers 

(loge transformed data). Error bars represent the 95% confidence intervals 

This suggests that intensive insecticide use might be 
the cause of increasing populations of thrips at Preaek 
Trab village. Future studies should focus on the level 
of insecticide resistance in these thrip populations. 
With regard to trap colour for capture of thrips, the 
results of this study are consistent with others (Tang et 
al. 2016b, Broughton and Harrison 2012, Hossain et al. 
2020, Pobozniak et al. 2020) where blue traps were 
more effective than yellow traps for capturing thrips. 
In our study, blue traps captured six times more bean 
flower thrips than yellow traps whereas the ratio was 
2-5 in southern China (Tang et al. 2016b). However,
addition of semiochemicals to the traps can increase
capture 3-fold (Hossain et al. 2020). The blue traps we
used were impregnated with thrips pheromone and this
might explain the large difference in capture between
blue and yellow traps which contained a fruit fly food
lure.
In South China, capture of beneficial insects was 1.7
times higher on yellow than on blue traps. The number
of ladybirds was higher on yellow (2.57) traps than on
blue (0.64) traps (Tang et al. 2016b). Our study
obtained mixed results for capture of several groups of
beneficials: ground beetles (Coleoptera, Carabidae),
ladybird beetles (Coleoptera, Coccinellidae), rove
beetles (Coleoptera, Staphylinidae), hoverflies
(Diptera, Syrphidae), tachinid flies (Diptera,
Tachinidae), damselflies and dragonflies (Odonata).

Other studies in Western Australia showed different 
results for capture of beneficials by blue vs yellow 
sticky traps (Broughton and Harrison, 2012). Hence, 
further study is warranted to better quantify the impact 
of colored sticky traps on beneficial insects with regard 
to the nature of the agro-ecosystem, timing and density 
of trap deployment. 

In intensive mungbean growing areas such as Preaek 
Trab, some form of area-wide management might be 
useful to reduce the potential of reinvasion of fields by 
bean flower thrip where control measures have been 
deployed. Blue sticky traps appeared to limit numbers 
of bean flower thrip in the isolated fields at Sala Balat 
and Os Tuk. This was despite an initially large 
population of bean flower thrips at Os Tuk at 15 days 
after sowing.  

Temperatures less than 15°C and greater than 35°C 
reduce survival of all developmental stages of bean 
flower thrips (M. sjostedti Trybom) (Tamò 1991). The 
temperature range at Battambang between December 
and March is 19°C to 34°C, therefore the most 
favourable conditions for thrips coincide with the 
mungbean growing season (Figure 1). In West Africa, 
it was shown that bean flower thrips survived the dry 
season on a wide variety of alternative hosts belonging 
to the legume family (Fabaceae) (Tamò et al. 1993). 

(a) (b) 
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Bean flower thrips can also be carried several hundred 
kilometres by prevailing winds (Bottenberg et al. 
1997). Since diapause has not been reported for bean 
flower thrips (Ekesi et al. 1999), the main sources of 
bean flower thrips at the beginning of the dry season in 
North-West Cambodia are likely to be alternative 
leguminous hosts and prevailing winds which are from 
the North-East between November and March. 

At Preaek Trab, mungbean crops mature at the end of 
February, mid-way through the dry season. Thrips 
could then move to yard-long bean crops. Bean flower 
thrips also have been observed on weeds such as 
Macroptilium and Vigna spp. growing around 
mungbean fields. Therefore, control of leguminous 
weed species around mungbean fields before planting 
should be considered as a component of an IPM 
package. The use of blue sticky traps in November 
would also be a useful IPM tactic to detect and control 
bean flower thrips before populations build up. 

We have put forward a range of IPM options to manage 
bean flower thrips in mungbean in Preaek Trab village 
and the challenge is to find a way to have them 
adopted. Zhang et al. (2020) found that “top-down” 
methods such as mass media and extension through the 
local Agricultural Cooperative (AC) were not effective 
in the transfer of technical information  in Angsangsak 
village which shares the AC with Preaek Trab. 
Transfer of technical information in this community is 
primarily through the village network. (Zhang et al. 
2020). The key to an effective strategy is to identify 
who are the key influencers on insect pest 
management. and engage them to facilitate adoption of 
IPM in mungbean (Zhang et al. 2020). 
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APPENDIX 1. TOTAL NUMBERS FOR INSECT GROUPS CAUGHT ON BLUE AND YELLOW STICKY TRAPS 

Order Family Common name Role Blue Yellow Total 
Blattidae Ectobiidae Cockroaches Neutral  56  37  93 
Coleoptera Carabidae Ground beetles Beneficial  184  110  294 
Coleoptera Chrysomelidae Leaf beetles Pest  89  76  165 
Coleoptera Coccinellidae Ladybirds Beneficial  88  96  184 
Coleoptera Scirtidae Marsh beetles Neutral  157  59  216 
Coleoptera Staphylinidae Rove beetles Beneficial  251  236  487 
Dermaptera Forficulidae Earwigs Beneficial  5  6  11 
Diptera Syrphidae Hoverflies Beneficial  76  52  128 
Diptera Tachinidae Tachinid flies Beneficial  149  70  219 
Hemiptera Cicadellidae Leafhoppers Pest  139  155  294 
Hemiptera Pentatomidae Sucking bugs Pest  151  108  259 
Hymenoptera Pteromalidae Parasitoid wasps Beneficial  12  4  16 
Hymenoptera Vespidae Predatory wasps Beneficial  7  12  19 
Lepidoptera Noctuidae Moths Pest  40  22  62 
Odonata Damsel and dragonflies Beneficial  3  138  141 
Orthoptera Acrididae Grasshoppers Pest  1 0  1 
Orthoptera Gryllidae Crickets Pest  357  371  728 
Thysanoptera Thripidae Thrips Pest  2,500  419  2,919 
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APPENDIX 2. LIST OF INSECT FAMILY, GENERA AND SPECIES FOUND ON STICKY TRAPS AND BY VISUAL INSPECTION OF MUNGBEAN CROPS 
Order Family Genus Species Common name Role Sticky trap Visual inspection 
Blattodea Ectobiidae Blattella asahinai Asian cockroach Pest 1 
Coleoptera Carabidae Chlaenius  Vivid metalic ground beetles Beneficial 1 
Coleoptera Carabidae Ophionea  indica Long-neck ground beetles Beneficial 1 
Coleoptera Carabidae Ophionea  ishiii Long-neck ground beetles Beneficial 1 
Coleoptera Carabidae Ophionea  Nigrofasciata Long-neck ground beetles Beneficial 1 
Coleoptera Carabidae Pedunculate ground beetle Beneficial 1 
Coleoptera Chrysomelidae Acanthoscelides obtectus Bean weevil Pest 1 
Coleoptera Chrysomelidae Aspidimorpha furcate Tortoise beetle Pest 1 
Coleoptera Chrysomelidae Aulacophora  similis Pumpkin beetle Pest 1 1 
Coleoptera Chrysomelidae Medythia  suturalis Striped bean flea beetle Pest 1 1 
Coleoptera Chrysomelidae Monolepta signata Monolepta beetle Pest 1 1 
Coleoptera Chrysomelidae Phyllotreta  striolata Striped flea beetle Neutral 1 1 
Coleoptera Coccinellidae Cheilomenes  sexmaculata Six-spotted ladybird Beneficial 1 1 
Coleoptera Coccinellidae Coccinella transversalis Transverse ladybird Beneficial 1 
Coleoptera Coccinellidae Micraspis discolor Rice ladybird Beneficial 1 1 
Coleoptera Elateridae Click beetles Neutral 1 
Coleoptera Malachiidae Intybia Soft-winged flower beetles Beneficial 1 
Coleoptera Scarabaeidae Adoretus sinicus Chinese rose beetle Pest 1 1 
Coleoptera Scirtidae Ora Marsh beetles Neutral 1 
Coleoptera Staphylinidae Anotylus  Rove beetles Beneficial 1 
Coleoptera Staphylinidae Paederus  fuscipes Rove beetles Beneficial 1 
Coleoptera Staphylinidae Rove beetles Beneficial 1 
Dermaptera Forficulidae Doru Earwigs Beneficial 1 1 
Diptera Agromyzidae Liriomyza sativae Vegetable leaf miner Pest 1 
Diptera Chironomidae Non-biting midges Neutral 1 1 
Diptera Mycetophilidae Fungus gnats Neutral 1 
Diptera Sarcophagidae Flesh-eating flies Neutral 1 1 
Diptera Syrphidae Allograpta exotica Hoverflies Beneficial 1 1 
Diptera Syrphidae Episyrphus Hoverflies Beneficial 1 
Diptera Syrphidae Eristalinus Lagoon flies Beneficial 1 1 
Diptera Syrphidae Ischiodon Hoverflies Beneficial 1 
Diptera Syrphidae Mesembrius benghalensis Hoverflies Beneficial 1 1 
Diptera Tachinidae Exorista lavarum Tachinid flies Beneficial 1 1 
Diptera Tipuloidea Crane flies Pest 1 
Hemiptera Aleyrodidae Bemisia tabaci Whitefly Pest 1 
Hemiptera Alydidae Leptocorisa  acuta Rice seed bug Pest 1 1 
Hemiptera Alydidae Riptortus linearis Brown bean bug Pest 1 
Hemiptera Aphididae Aphis  craccivora Cowpea aphid Pest 1 
Hemiptera Cicadellidae Cofana spectra White leafhopper Pest 1 1 
Hemiptera Cicadellidae Jacobiasca  formosana Tea jassid Pest 1 
Hemiptera Cicadellidae Maiestas dorsalis Zigzag leafhopper Pest 1 
Hemiptera Cicadellidae Nephotettix  virescens Green leafhopper Neutral 1 1 
Hemiptera Cicadellidae Xestocephalus  Leafhopper Pest 1 1 
Hemiptera Geocoridae Geocoris Big-eyed bugs Beneficial 1 
Hemiptera Gerridae Gerris Water striders Neutral 1 
Hemiptera Lygaeidae Graptostethus  servus Seed bugs Pest 1 
Hemiptera Lygaeidae Kleidocerys Seed bugs Pest 1 
Hemiptera Lygaeidae Melanotelus Seed bugs Pest 1 
Hemiptera Meenoplidae  Planthoppers Pest 1 
Hemiptera Pentatomidae Eocanthecona furcellata Predatory stink bug Beneficial 1 
Hemiptera Pentatomidae Nezara viridula Green vegetable bug Pest 1 

Hemiptera Pentatomidae Piezodorus hybneri Red-banded shield bug Pest 1 1 
Hemiptera Pseudococcidae Paracoccus  marginatus Papaya mealybugs Pest 1 
Hemiptera Reduviidae Polytoxus Assassin bugs Beneficial 1 
Hemiptera Reduviidae Rhynocoris Assassin bugs Beneficial 1 1 
Hemiptera Rhyparochrominae Horridipamera  nietneri Seed bugs Pest 1 
Hymenoptera Apidae Apis florea Red dwarf honeybee Beneficial 1 1 
Hymenoptera Crabronidae Astata Tiger wasp Beneficial 1 
Hymenoptera Formicidae Ants Beneficial 1 
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Order Family Genus Species Common name Role Sticky trap Visual inspection 
Hymenoptera Ichneumonidae Ichneumon wasps Beneficial 1 
Hymenoptera Vespidae Ropaldia marginata Predatory wasps Beneficial 1 1 
Hymenoptera Vespidae Ropaldia stigma Predatory wasps Beneficial 1 
Lepidoptera Crambidae Maruca vitrata Maruca podborer Pest 1 1 
Lepidoptera Crambidae Omiodes diemenalis Bean leaf folder Pest 1 1 
Lepidoptera Crambidae Omiodes indicata Bean leaf folder Pest 1 1 
Lepidoptera Erebidae Euproctis Tussock moths Pest 1 
Lepidoptera Geometridae Scopula  emissaria Scopula moth Pest 1 
Lepidoptera Hesperiidae Pelopidays after sowing  mathias Rice skipper Neutral 1 1 
Lepidoptera Hesperiidae Telicota  colon Pale palm dart Neutral 1 
Lepidoptera Lycaenidae Castalius  rosimon Common Pierrot Neutral 1 
Lepidoptera Lycaenidae Euchrysops  cnejus Gram blue butterfly Pest 1 1 
Lepidoptera Lycaenidae Lampides  boeticus Pea blue butterfly Pest 1 1 
Lepidoptera Noctuidae Chrysodeixis  eriosoma Green garden looper Pest 1 
Lepidoptera Noctuidae Spodoptera  exigua Beet armyworm Pest 1 
Lepidoptera Noctuidae Spodoptera  litura Cluster caterpillar  Pest 1 1 
Lepidoptera Sphingidae Hawk moths Pest 1 
Mantodea Mantidae Creobrota Flower mantises Beneficial 1 
Mantodea Mantidae Hierodula patellifera Giant Asian mantis Beneficial 1 
Mantodea Mantidae Mantis religosa European mantis Beneficial 1 
Neuroptera Chrysopidae Chrysoperla Lacewings Beneficial 1 1 
Odonata Coenagrionidae Ischnura  senegalensis Bluetail damselfly Beneficial 1 1 
Odonata Libellulidae Brachythemis  contaminata Ditch jewel Beneficial 1 
Odonata Libellulidae Diplacodes  nebulosa Charcoal-winged percher Beneficial 1 
Odonata Libellulidae Trithemis  pallidinervis Dropwing dragonfly Beneficial 1 1 
Orthoptera Acrididae Cyrtacanthacris  tatarica Brown-spotted locust Pest 1 
Orthoptera Gryllidae  Anaxipha Brown trigs Pest 1 
Orthoptera Pyrgomorphidae Actractomorpha  Grasshoppers Pest 1 1 
Orthoptera Trigonidiidae Sword-tailed crickets Pest 1 
Thysanoptera Phlaeothripidae Tube-tailed thrips Neutral 1 
Thysanoptera Thripidae Megalurothrips  usitatus Bean flower trip Pest 1 1 
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