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Highlights

o Dung beetle activity can impact parasitic nematode epidemiology.

o Beetles burying dung >15 cm can reduce pasture larval populations.

o Shallowly buried and fragmented dung affect larval survival inconsistently.

o Little evidence that beetles affect coccidial, cestode or trematode epidemiology.

Abstract

Dung beetles provide a variety of ecosystem services in both natural and farmed landscapes.
Amongst these services, reductions in the abundance of the free-living stages of pests and
parasites that develop in faeces is considered to be of great importance. There is evidence from
Australia that enhanced dung beetle populations can reduce populations of pest fly species,
particularly the bush fly, however, there is little empirical evidence for reductions in the
incidence and impact of nematode parasitism in grazing ruminants. There are two main
pathways whereby beetles can disrupt worm life-cycles: predaceous species that feed on eggs
or larvae can directly reduce populations in dung whereas coprophagous species can affect
parasite development, survival and translocation by altering the location, microclimate and
infrastructure of dung deposits. In addition, predaceous mites that are phoretic on dung beetles,
can also prey on larval stages in the faeces. To date, reductions in both larval survival and the
acquisition of gastrointestinal nematode burdens in ruminants on pasture has been reported
only in association with the activity of large tunnelers that bury dung 15 cm or more below
ground. The activity of dwellers, rollers and shallow tunnelers can either limit or enhance larval
development and translocation, depending on the influence of other factors, notably rainfall.
Currently, the scientific evidence for dung beetles playing a major role in the control of
gastrointestinal nematodes in domestic ruminants is very limited and may have been
overestimated in assessments of their ecosystem services.
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1. Introduction

The ecosystem services provided by dung beetles are diverse and, in addition to their role in
the decomposer community, they have potential value as biological control agents of both
insect pests and gastrointestinal nematodes (GIN) on livestock farms (Bornemissza, 1976,
deCastro-Arrazola et al., 2023, Doube, 2018, Nichols et al., 2008). Considerable financial value
has been placed on biological control of parasitism by dung beetles (Losey and Vaughan,
2006); in a UK study over 50 % of the estimated financial benefit of dung beetles on cattle

1



farms was attributed to their control of parasitic gastroenteritis (PGE), outweighing the
combined value of controlling pest flies, reduced pasture fouling and increased nutrient cycling
(Beynon et al., 2015).

In this overview the evidence for the disruption of parasite life-cycles by the dung fauna and
its consequences for the epidemiology and control of parasitism in domestic ruminants in
pastoral regions of the world is examined. The focus is on the impact of coprophagous dung
beetles on GIN of cattle, but sheep and their parasites are also included, as are some other,
relevant interactions amongst the dung fauna of domestic ruminants. Dung beetle interactions
with parasites take place within dung deposits and their surroundings. both above and below
ground. In order to place these relationships within context, ruminant dung, its characteristics
and the biology and ecology of its fauna need to be understood and these are briefly summarised
below.

2. Dung and the dung fauna

Freshly excreted herbivore dung comprises an aqueous matrix of undigested plant material,
minerals, microorganisms, cellular debris, mucus and metabolites; in addition, it can contain
oocysts, eggs, gravid proglottids and larvae from internal parasite infections. Ruminants
deposit dung as pats (cattle and adult sheep grazing lush herbage) or pellets (lambs and ewes
grazing dry vegetation). The quantity and composition of dung produced by herbivores can
vary widely through differences in factors such as feed intake, diet, liveweight (LW),
physiological status, parasitism and disease. The typical daily output of fresh faeces from
healthy cattle approximates to ~5 % of LW, per day and the average number of defecations per
day for adult cows is 11-12, so each deposition is around 2.5 kg fresh weight for a 600 kg
animal (Marsh and Campling, 1970). Bovine dung pats have an initial moisture content of
+85 % (Barth et al., 1995), though in the dry season in the sub-tropics, this can fall to +70 %
(Rougon et al., 1990).

In ecological terms, natural deposits of dung are described as patchy and ephemeral and each
can be considered as a distinct ecological unit (Hanski, 1991a, Mohr, 1943). The
physicochemical and biological properties of faeces begin to change almost immediately after
deposition, influenced in the first place by the weather and subsequently by the activities of
myriad invertebrates, fungi and bacteria and subject to mechanical damage through trampling
by livestock and foraging behaviour of insectivorous birds and mammals (Putman, 1983). The
dung invertebrate fauna comprises free-living nematodes, earthworms and arthropods,
including beetles, flies, springtails and mites, (Skidmore, 1991), as well as termites in
subtropical regions (Ferrar and Watson, 1970, Freymann et al., 2008). This community
includes not only obligatory and facultative coprophages, but also saprophages, fungivores,
predators and parasitoids; such functional diversity contributes to complex food-webs within
and beyond the pat (Skidmore, 1991). The relative occurrence and abundance of individual
species within dung depends on several factors including geographical location, the age of the
pat, its size and site of deposition, the season of the year and the prevailing weather (Wassmer,
2014, Wassmer, 2020). Examples of some abiotic and biotic factors that can influence dung
fauna (Edwards, 1991, Seeman and Walter, 2023, Sulgostowska et al., 2015, Wratten and
Forbes, 1996, Young, 2015), are shown in Table 1.



Table 1. Factors that can affect breeding and feeding biology of dung insects.

Abiotic Biotic

Temperature, Rainfall, Season Bacterial content (feed source for larvae)
Weather-induced or mechanical disturbance and Interspecific and Intraspecific competition
disruption of pat integrity Parasitism

Moisture content of faeces at deposition and Phoresy

subsequently Predation by invertebrates and vertebrates
pH and nutrient composition of faeces Disturbance and disruption of pat integrity by
Site of deposition and soil characteristics foraging birds and mammals

Presence of insecticidal residues in dung

Typically, there is a succession of the various members of the dung fauna, fungi and bacteria
over time as the pat ages and changes in its form and composition (Gittings and Giller, 1998,
Sladecek et al., 2017, Sladecek et al., 2021a). At one extreme, horn flies (Haematobia irritans
irritans) have been observed laying their eggs in cow dung as it is falling to the ground and
where peak oviposition occurs within two minutes of deposition (Sanders and Dobson, 1969),
whereas detritivores such as earthworms, termites and ants generally do not utilise faeces until
they are fragmented and desiccated several weeks after deposition (Freymann et al., 2008,
Knight et al., 1992). Given that dung is a discrete and finite resource, it is inevitable that there
are interactions amongst the colonising species, many of which are competitive in nature (Finn
and Gittings, 2003, Ridsdill-Smith et al., 1986), though some may be facultative (Sladecek et
al., 2021b, Sullivan et al., 2017).

3. Dung beetles

Coprophilous (‘dung-loving”) beetles that are commonly associated with herbivore dung can
be broadly classified into a number of groups that comprise coprophagous (‘dung-eating’),
predaceous or mixed-diet species (Table 2), in some of which the adults and larvae have
different feeding preferences and behaviours (Hanski, 1991a). Coprophagous species can also
be classified by various traits, such as their size, feeding and nesting behaviour into at least 7
functional groups (deCastro-Arrazola et al., 2023, Doube, 1990), but three broad categories
suffice to understand beetle/parasite interactions:

e Tunnelers (Paracoprids), which bury dung beneath the pat in tunnels of varying depths

e Rollers (Telecoprids), which roll dung balls away from pats and then bury them
shallowly

e Dwellers (Endocoprids), which feed and lay their eggs within or immediately below
the pat

Table 2. Feeding and Breeding Behaviour in Coprophilous Beetles.

Beetle Taxa | Adult Larvae Guild
Aphodians Coprophagous® | Coprophagous® | Dwellers
Geotrupids Coprophagous® | Coprophagous® | Tunnelers

Histerids Predaceous Predaceous
Hydrophilids | Mixed diet Predaceous
Scarabs Coprophagous® | Coprophagous® | Tunnelers & Rollers
Staphylinids | Predaceous Predaceous

2Adult coprophagous beetles are filter-feeders whose diet comprises mainly the liquid component of dung.
bLarval coprophagous beetles feed on whole dung including the fibrous, cellular, microbiological and liquid
content.



The typical species composition differs quite markedly in various geographical zones, for
example in northern temperate regions, dwellers predominate and rollers are rare or absent
(Hanski, 1991b), whereas in southern Africa, tunneler species are most abundant, followed by
rollers, while dwellers are less common (Doube, 1991).

The function of coprophilous beetles in the families Histeridae (Clown Beetles), Hydrophilidae
(Water Scavenger Beetles) and Staphylinidae (Rove Beetles) is mainly predation, either as
adults or larvae or both (Floate, 2023). Most Staphylinids are small to medium-sized (1-20 mm
long) beetles in which both adults and larvae are predatory, occurring mostly in moist situations
such as humus, herbivore dung and carrion, where they prey on mites, insect eggs and soft-
bodied insects such as worms and maggots. Histerids are oval, shiny beetles that vary in length
between about 1 mm and 20 mm. Most species are active predators and adults and larvae may
be found together where potential prey occurs of which fly eggs and maggots and other soft-
bodied invertebrates are important items. The coprophilic Hydrophilids are medium-sized, 4—
7 mm long and the adults mainly colonise fresh dung that is quite liquid, through which they
move in a swimming-like manner. Though adults may have a mixed diet (Holter, 2004), they
are largely predaceous, as are their larvae, feeding mainly on dipteran larvae.

Predatory beetles can be very abundant in dung, for example a study in South Africa recorded
134 species of non-scarabaeid beetles in cattle dung exposed for 12 hours, including 100
species of Staphylinidae and 21 of Histeridae (Davis et al., 1988). Similarly in northern
temperate dung beetle assemblages, predators are common and frequently outnumber
coprophages (Barth et al., 1994, Koskela, 1972, Lee and Wall, 2006, Merritt and Anderson,
1977, Schmid et al., 2024). The presence of so many different beetle species in a single dung
pat alongside other insects, such as flies, and invertebrates from different taxa, results in
multiple interactions, which in turn are also influenced by the physical and chemical changes
in the pat as it ages.

4. Dung flies

There are a number of flies that associate with dung for nutrition or breeding; most adult flies
are active on the surface of faecal deposits where they feed, mate or predate other insects
(Hammer, 1941), while most of their larvae inhabit the interior where they may be
coprophagous or predaceous, with some species switching their diet according to their age and
the availability of food (Laurence, 1954). Adult flies can be scavengers or predators and some
are pest species of livestock and man, for example Haematobia and Musca species. Numerous
factors can affect the hatching of fly eggs, their subsequent development through larval
(maggot) stages, pupation and adult emergence (Table 1).

The interactions of most relevance to pest fly populations are those between fly eggs or larvae
and predaceous and coprophagous beetle species. In both controlled experiments and field
studies, there is typically an inverse relationship between the density of dung beetles in a pat
and the survival of fly larvae (Bornemissza, 1970, Tyndale-Biscoe and Vogt, 1991) and these
in turn can be influenced by season, the moisture content and nutritional quality of the dung
(Ridsdill-Smith et al., 1986). These relationships can be seen when the beetle fauna comprise
coprophages, predators or both (Fay and Doube, 1983, Wallace and Tyndale-Biscoe, 1983).
The predaceous species directly reduce fly numbers by feeding on their eggs and larvae, while
the coprophages affect fly biology by disrupting microhabitats within the dung, rendering the
maggots liable to desiccation or predation. In addition, tunnelers and rollers can incorporate



eggs and larvae in their food/brood balls and remove them from development sites, such that
they cannot continue their life-cycles (Doube, 1986, Edwards and Aschenborn, 1987).

Studies in Australia after the introduction of no-native, mainly African, dung beetle species
recorded large decreases in bush fly numbers in dung pats colonised by beetles compared with
those without (Hughes et al., 1978), however, the impact of coprophagous dung beetles on
buffalo fly populations was less marked. A possible explanation can be found in South Africa,
where populations of the congeneric African buffalo fly (Haematobia thirouxi potans) are kept
in check through the activity not only of coprophagous beetles, but also a suite of predatory
beetles and mites (Doube, 2018, Doube et al., 1988).

5. Dung beetle interactions with free-living stages of livestock helminth and protozoan
parasites

Many species of gastrointestinal helminths and protozoa are transmitted via the faecal-oral
route in which parasite oocysts, eggs, tapeworm segments or larvae, produced by adult
parasites in the host, are excreted in the faeces onto the pasture, where development in situ
takes place. With adequate oxygenation and appropriate temperatures, coccidial oocysts
sporulate in the faeces from which they can only disperse passively and generally remain at the
soil/herbage interface until ingested by a grazing animal. Nematode larvae either move actively
a short distance from the faeces onto the surrounding herbage or are passively translocated
further through the action of agents such as rainfall (Gronvold, 1987a), coprophilous fungi
(Robinson, 1962), invertebrates (Durie, 1975, Grenvold, 1979, Tod et al., 1971), wildlife
(Gronvold, 1984) or livestock (Hertzberg et al., 1992).

Trematodes and cestodes have indirect life-cycles that require the intervention of intermediate
hosts before reaching the infective stages that can be ingested by the final hosts, where the
parasites can establish. For ruminant tapeworms belonging to the genus Moniezia, their eggs
must be eaten by Oribatid mites, which are common in the soil and herbage of pastures (Forbes,
2021), so it seems unlikely that the activities of dung beetles would disrupt this process. The
eggs of liver and rumen fluke embryonate in dung, but do not hatch and release miracidia unless
they are free of faeces and in a liquid environment (Rowcliffe and Ollerenshaw, 1960), which
could make them susceptible to the actions of dung beetles that bury or fragment faeces.
Evidence for such effects is very limited, but there is a study which noted that the eggs of
Fasciola hepatica survived for considerably shorter time when exposed to natural or simulated
dung fauna, including insects and earthworms, compared with comparatively low mortality
rates in faeces with no fauna (Over, 1982).

The potential of dung beetles as aids to the control of parasitic helminths and protozoa in
livestock has been recognised for several decades (Szewc et al., 2021), with several examples
of interactions between beetles and the gastrointestinal nematodes of cattle (Bryan, 1973,
Fincher, 1973, Reinecke, 1960). The mechanisms through which beetles may inhibit
development, increase mortality or reduce transmission of coprophilous parasite stages
include:

e Directly damaging to eggs (or larvae) through
o Predation by carnivorous beetles
o Incidental ingestion by adult coprophagous beetles
e Disrupting the milieu of the dung deposit, which can lead to:
o Unfavourable conditions for parasite development, such as rapid desiccation
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o Interference with translocation of larvae away from the pat
o Invasion by predatory insects and parasitoids

e Burying dung in the soil to depths from which larvae are unable to return to the soil
surface and hence the vegetation
e Acting as vectors for predatory mites that feed on nematodes and arthropods

5.1. Direct damage to eggs or larvae through ingestion

There seems to be no reason why adult and larval predatory beetles would not feed on parasite
eggs or larvae in the dung, given their powerful mouth-parts, however there do not appear to
be any published data on this aspect of feeding behaviour. It is well documented that arthropods
prey on free-living nematodes in the soil (Walter and Ikonen, 1989), so it is not unreasonable
to assume that predaceous beetles could reduce the abundance of parasite larvae in dung, but
without further research, this cannot be quantified. The concentration of parasite eggs in the
dung can range from essentially zero eggs per gram (EPG) through 10-10? in trematodes, 10—
10° in nematodes and 10-10*3 in coccidiosis and these concentrations will determine the
frequency with which beetles may encounter eggs or subsequent developmental stages during
feeding.

The larvae of coprophagous beetles could potentially damage parasite eggs in the dung while
feeding, but, because insect larvae typically emerge after nematode eggs have hatched and
larval development has been completed, they are considered to have few, if any, direct effects
on parasite development and survival. Adult coprophagous dung beetles are filter-feeders and
there is a limit on the particle size that they can readily ingest; this ranges from 5 to 150 um,
depending on their body size and functional group (Holter and Scholtz, 2007). The approximate
size of helminth and coccidial eggs (Deplazes et al., 2016, Foreyt, 2001) relative to the
ingestive capacity of coprophagous beetles is shown in Table 3, along with an assessment of
the likelihood of being eaten:

Table 3. Comparison between size of parasites stages and dimensions of beetle mouthparts.

Parasite Stage Dimensions (um) | Beetle Mouthparts 5-150 pm
Potential to ingest eggs or larvae

Strongyle eggs 95x50 Large species

Strongyle larvae 400-900 Highly unlikely

Nematodirus eggs 20090 Highly unlikely

Nematodirus larvae | 750-1100 Highly unlikely

Lungworm larvae 420-480 Highly unlikely

Fluke eggs 140%80 Large species

Tapeworm eggs 60x60 Medium to Large species

Coccidial oocysts 40%25 Medium to Large species

From these measurements, it can be deduced that it is mainly the larger species of dung beetle
that may be capable of ingesting or damaging nematode or trematode eggs, whereas tapeworm
eggs and coccidial oocysts could be vulnerable to medium-sized species as well. This
interpretation may overestimate potential for damage, as the majority of dung beetles have a
maximum ingestible particle diameter of around 20 pm (Holter and Scholtz, 2007). Although
destruction of parasite eggs or oocysts by ingestion may seem unlikely, during feeding, adult
dung beetles compress the faeces and squeeze and expel excess moisture (Scholtz et al., 2009),
actions that could damage parasite eggs. It can be concluded from this analysis that direct



ingestion of free-living stages of helminth and protozoal parasites by larval or adult dung
beetles is unlikely to have any major effects on helminth populations, (Nichols et al., 2008).

5.2. Disruption of the milieu of the dung deposit, which renders it unfavourable for parasite
development and transmission

Each of the functional groups (guilds; rollers, tunnellers or dwellers) of dung beetles causes
some level of disturbance to a dung deposit; either by burying, translocating, shredding and
fragmenting it or creating cavities and tunnels that provide access to a range of invertebrate
predators including mites, ants and various beetle groups such as hister beetles (Histeridae) and
rove beetles (Staphylinidae).

Endocoprid dung beetles (dwellers), the functional group that predominates in northern
temperate regions (Hanski, 1991b), feed and breed within faeces and are partly responsible for
fragmenting the dung on the soil surface. The beetles play a role in the decomposition of dung
on pasture during the grazing season (Spring/Summer/Autumn) alongside earthworms
(Gittings et al., 1994, Holter, 1979), other invertebrates, fungi, bacteria (Putman, 1983) and
abiotic factors, notably rainfall (Barth et al., 1995, Dickinson et al., 1981).

Though aeration of the dung pat by endocoprid beetles is postulated to facilitate the hatching
of nematode eggs and the development of larvae, there is little evidence to support this.
Although aeration of eggs stored in water facilitates embryonation under laboratory conditions
(Silverman and Campbell, 1959), oxygenation does not seem to be a limiting factor for the
free-living stages in natural pats in the field. The microclimate within dung initially is largely
anaerobic or microaerophilic (Holter, 1991), but under optimum conditions of moisture and
temperature, egg hatching and larval development take place readily within a few days of
deposition in undisturbed pats, indicating that sufficient oxygen is present for embryonation
and hatching (Rose, 1961, Rose, 1963a, Rose, 1963b).

On the other hand, moisture is very important in all egg and larval stages, so if fragmentation
of the dung occurs within the first 1-2 weeks after deposition and this leads to desiccation, then
hatching and development can be severely retarded and mortality increased. This has been
demonstrated experimentally by placing dung in small amounts on plots and comparing larval
emergence with that in the same weight of faeces in a single pat (Rose, 1962, Rose, 1963a,
Rose, 1963b, Shorb, 1943); in all cases, considerably fewer larvac were recovered from the
fragmented faeces. These outcomes can be modulated by weather conditions and the
microclimate surrounding the dung, which, under field conditions is typically a function of the
height, density and composition of the surrounding vegetation. Herbage provides shade, which
lowers the temperature and limits moisture loss (Rose, 1964) and also diffuses ultra-violet light,
which can adversely affect nematode larvae (van Dijk et al., 2009).

Given the variable and contrasting outcomes of endocoprid/parasite/pasture/weather
interactions, it is not surprising that the net effects on parasite epidemiology are similarly
unpredictable (deCastro-Arrazola et al., 2023) and this is reflected in studies that produced
conflicting results, including both inhibited and enhanced development and survival of GIN
larvae (Chirico et al., 2003, Sands et al., 2017). Coprophagous pest fly larvae can also affect
the microclimate within dung, which in turn can affect the survival of infective nematode larvae
(Devaney et al., 1990).



In summary, the potential impact of endocoprid beetle activity on the epidemiology of PGE,
and possibly other helminth infections (Gormally, 1993), is highly context-driven. Beetle-
driven dispersion of faeces containing parasites could increase their development and survival
if conditions are moist/wet, whereas if the dung is not exposed to rain or dew, then desiccation
is likely to reduce parasite numbers considerably in the immediate environs of co-colonised
pats.

Additionally, alterations in the milieu of dung by endocoprids could affect free-living parasite
stages through interactions with dung-associated bacteria and fungi, examples of which
include:

o Faecal bacterial populations; bacteria are important in the diet of developing nematode
larvae (Lee and Atkinson, 1976).

e Coprophilous fungi (Biggane and Gormally, 1994), some of which are important in the
translocation of infective larvae away from the pat onto the surrounding herbage
(Robinson, 1962).

e Nematophagous fungi, which feed on nematode larvae (Healey et al., 2018).

5.3. Burying dung in the soil to depths from which larvae or eggs are unable to return to the
soil surface and hence the grazing horizon

Dung beetles that are classed as either tunnellers (paracoprids) or rollers (telecoprids) comprise
an important component of the dung insect fauna, particularly in tropical and subtropical
regions (Doube, 1990, Halffter and Edmonds, 1982); several species within these groups have
been included in introduction programmes in Australasia and the Americas (Pokhrel et al.,
2021). When present in sufficient numbers, dung beetles in these groups can fragment and
disperse a dung pat within a few hours either by rolling and then burying dung balls some
distance from the original deposition or by burying dung directly below the pat (Doube, 1990).
Rollers and tunnellers frequently colonise dung simultaneously, so there is competition for a
limited resource, but the net effect is that facces can disappear rapidly from the soil surface
(Hanski and Cambefort, 1991a).

In temperate and subtropical regions that experience two or more seasons a year, most dung
beetles are active during the warm, wet seasons, while dry and/or cold conditions generally
render them inactive (Davis, 1996b, Hanski, 1980). When they are active, paracoprids and
telecoprids will rapidly fragment and bury fresh faeces before any nematode eggs present have
had time to hatch, so their role in limiting further development rests on how much the dung is
disturbed and how deep in the soil the dung is buried. These variables will determine whether
larval development can take place amongst the fragments and whether infective larvae that are
buried can find their way back to the soil surface, where they can translocate to herbage and
become available to grazing animals. For parasites other than GIN, burying faeces in soil
probably results in a dead-end because coccidial oocysts are non-motile and would therefore
require some sort of passive movement to reach the soil surface, while fluke eggs only hatch
in a liquid, faeces-free medium. Lungworm (Dictyocaulus viviparus) larvae are relatively
sluggish and largely rely on passive transport by coprophilous fungi or rainfall to move from
dung to herbage, so again, they are unlikely to translocate following deep burial in the soil,
although they can survive there for several months and be transported by earthworms to the
soil surface (Oakley, 1981).



An important criterion that determines the likelihood that nematode eggs will hatch, larvae
develop and infective larvae reach the soil surface is the depth of burial of the food and brood
balls in the soil. As a general rule, the greater the depth of dung burial, the fewer larvae emerge
(Gronvold et al., 1992, Persson, 1974), though larval migration can also be influenced by soil
type (Lucker, 1938). Nematode larvae can reach the soil surface from depths of 10—15cm
(Krecek and Murrell, 1988, Rose and Small, 1985) and sometimes more (Fincher and Stewart,
1979). There do not appear to be distinct thresholds for larval migration in soil, but beyond a
depth of 15 cm or more, larval recoveries are low; this means that dung beetles that bury faeces
deeply could play an important role in the epidemiology of PGE — these tend to be the larger
species of paracoprids (Gregory et al., 2015, Nervo et al., 2014).

Generally, telecoprids do not bury dung deeply — a few centimetres below the soil surface
(Halffter and Edmonds, 1982) - hence it is unlikely that their activity will reduce larval survival
to any great extent (Gregory et al., 2015). Furthermore, shallow burial of faeces may facilitate
larval development, survival and subsequent migration (Waghorn et al., 2002), however,
incorporation of faeces in soil by earthworms at shallow depths can reduce parasite numbers
(Gronvold, 1987b, Waghorn et al., 2011), possibly through ingestion of larvae (Curry and
Schmidt, 2007). The upper layers of soil can act as important reservoirs for infective larvae and
thus play an important role in the epidemiology of PGE (Al Saqur et al., 1982, Kauzal, 1941).

Examples of interactions between paracoprid dung beetles and GINs can be found in studies
including species such as Digitonthophagus gazella, an Afro-Asian native that has been
introduced into Australia and several countries in the Americas. This beetle is medium-sized
(10-13 mm) and typically buries dung to a depth of 20-25 cm (Tyndale-Biscoe, 1990), so it
might be predicted to reduce GIN larval populations and pasture contamination. Under
controlled conditions, the presence of beetles reduced larval recoveries on herbage surrounding
pats by between ~50-90 %, the lower values were associated with moisture resulting from
natural rainfall or irrigation (Bryan, 1973, Bryan, 1976), which permitted more larvae to
survive. Under both natural and controlled exposure to dung beetles, the deleterious effects on
GIN nematodes were greater when large numbers of beetles were present and tunnelling
activity was high (Bryan, 1973, Bryan, 1976, Bryan and Kerr, 1989). Similar responses were
observed with Geotrupes spiniger, a large (1626 mm), deep tunnelling, temperate paracoprid
(Skidmore, 1991), which has been introduced into Australia and New Zealand. In a pilot study
with three introduced species of deep tunnelers — G. spiniger, Onthophagus binodis and D.
gazella in New Zealand, pasture larval counts in the vicinity of the faeces were reduced by
~70 % through beetle activity (Forgie et al., 2018).

Euoniticellus intermedius is a smaller paracoprid (7-9 mm) that buries dung up to 15 cm below
the soil surface (Tyndale-Biscoe, 1990) and a study in Mexico showed that this species was
capable of burying considerable numbers of nematode eggs, more so during the rainy season,
when both beetle activity and GIN transmission coincide (Martinez et al., 2018), but no data
were provided on subsequent larval development or emergence. Diastellopalpus quinquedens
is a large (18 mm) African species (Davis et al., 2008) that buries dung up to 40 cm below the
pat causing rapid disintegration of the pat; such activity not only reduced the number of GIN
larvae in the remaining faeces on the soil surface, but also reduced the number of larvae that
splashed out of the faeces on to the surrounding vegetation (Gronvold et al., 1992).



5.4. Acting as vectors for predatory mites that feed on nematodes and arthropods

Mesostigmatic mites are amongst the most numerous nematophagous arthropods in grassland
soils where they predate soil nematodes and regulate their populations (Curry, 1994, Walter
and Ikonen, 1989); whether they also feed on free-living stages of parasitic nematodes is not
recorded, but it seems reasonable to assume that they would feed on them opportunistically. A
family within the Mesostigmatic mites, the Macrochelidae, has become specialised in
exploiting dung and have adopted a phoretic life-style, which depends on dung beetles as
vectors (Krantz, 1998). These mites appear to be generalist predators that can feed on
nematodes and arthropods in the soil or dung (Walter and Proctor, 2013), with the potential to
limit populations of their prey. This has been exploited in attempts to control buffalo fly in
Australia through the joint action of dung beetles and their phoretic mites introduced from
Africa (Wallace and Holm, 1983). Macrochelid mites can be associated with the different
groups of dung beetles, with some species associating specifically with rollers, thus potentially
synergising in reducing GIN larval emergence from buried dung (Niogret et al., 2010). Recent
in vitro studies have shown significant reductions in larval emergence of Haemonchus
contortus, a common and pathogenic nematode parasite of sheep, when exposed to certain
species of Macrochelid mites (Aguilar-Marcelino et al., 2014, Dos Anjos et al., 2024). As yet,
there are no definitive data to verify any measurable effects of phoretic mites on PGE in
ruminants, but there is a strong rationale for their potential as biological control agents.

6. Sheep

Typically, lambs and adult sheep pass dung as discrete pellets but ewes can produce large pats,
particularly when grazing forage with a high moisture content. Faecal output for adult sheep is
in the range of 1-1.5 kg daily in 68 deposits, each with an average mass of 100-200 g (Frame,
1992). Sheep pellets have a water content of £70 % (Lumaret et al., 1992) and dry out quickly,
especially in hot dry weather, because of their small mass and relatively large surface area and
sheep faeces do not form protective crusts overlying a moist interior (Hirschberger and Bauer,
1994a). Generally, it appears that sheep dung, particularly in pelleted form, is a less suitable
habitat for dung-dwelling insects than cattle dung (Lumaret and Kirk, 1987, Sowig and
Wassmer, 1994). However, when sheep faeces are bulked to pats of one litre and compared
with 1-2 litre cattle dung, pats, they can yield equivalent or greater density and abundance of
beetles (Finn and Giller, 2002, Rainio, 1966).

The beetle fauna found in sheep faeces are generally similar to those found in cattle dung in
the same region, though abundance and species diversity can vary. The dung beetles associated
with ruminants have been described as ‘choosy generalists’, insofar as they are opportunistic
feeders that do not discriminate strongly between dung from different sources (Frank et al.,
2018). In northern temperate and Mediterranean regions, Aphodius and Onthophagus species
are common inhabitants of sheep dung, as are some typical predatory species (Adam, 1986,
Breymeyer, 1974, Finn and Giller, 2002, Kessler et al., 1974, Lobo et al., 2006, Lumaret et al.,
1992, Lumaret and Kirk, 1987, Rainio, 1966).

In the limited published information available on the dipteran fauna associated with sheep
dung, a diverse fauna, including common species like the yellow dung fly, Scathophaga
stercoraria, with considerable overlap with the bovine dung fauna, appears to be typical
(Coffey, 1966, Papp, 1985, Skidmore, 1991, Wilson, 1932). In addition, some pest species such
as the sheep blowfly, Lucilia cuprina and the bush fly, Musca vetustissima utilize sheep faeces
for feeding and breeding, though protein concentrations may be suboptimal (Hughes et al.,
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2007, Vogt et al., 1985). In general, adult flies are attracted only to very fresh dung with a high
moisture content; because sheep pellets dry out quickly, they rapidly become unattractive to
early colonising insects, typically within the first few days after deposition.

There are few references to interactions between the sheep dung-associated fauna and the free-
living stages of parasitic helminths and protozoa. Observations on dispersal and disintegration
of sheep dung by insect fauna generally indicate that insects play a minor role in faecal
degradation in temperate regions, but assume greater importance in more arid regions where
herbivore dung is commonly in pelleted form (Tshikae et al., 2013). In temperate regions
during the months when beetles are active, up to 40 % of dung can be buried, but over a whole
grazing season, dung removal by beetles is reported as being less than 20 % of the initial
deposits, with earthworms playing a more important role in dung degradation and
decomposition (Breymeyer, 1974, Hirschberger and Bauer, 1994a, Hirschberger and Bauer,
1994b).

Given the limited effects of coprophagous beetles on the relocation and restructuring of sheep
dung, the mechanism for indirect effects on sheep parasites appears to be correspondingly
small. Although adult sheep can suffer from haemonchosis, clinical PGE is typically associated
with lambs, which produce pelleted faeces, unless diarrhoeic. Ewes can be important
epidemiologically, because they can contribute to pasture contamination, particularly around
lambing (Forbes, 2021) and they produce a relatively high volume of faeces that is attractive
to dung insects. Potential useful contributions of dung beetles to worm control in lambs
therefore could take place in ewe dung pats in the peri-parturient period and subsequently in
lamb pellets. Predaceous beetles might feed on nematode larvae in sheep faeces, though
evidence for this is currently lacking and phoretic mites have potential as biocontrol agents ins
sheep (Dos Anjos et al., 2024).

7. Temporal and spatial coincidence of dung beetle activity with parasite transmission

It is axiomatic that for dung beetles to interfere with parasite development and transmission,
they must be active when eggs or larvae are present in the facces deposited on pasture. In
tropical regions of the world, this may be the case all year round, but in subtropical and
temperate regions, where most livestock farming takes place, dung beetles are seasonal, being
active only, when climatic conditions are favourable (Davis et al., 1988, Hanski and Cambefort,
1991b, Wassmer, 2014). Fortuitously, such periods may coincide with parasite reproduction
and transmission as there is commonly an overlap in favourable conditions for these
invertebrates, which typically thrive in warm, moist conditions. However, livestock can
harbour parasites all year round, though their populations may fluctuate through
epidemiological factors and host responses, so control measures must be considered all year
round.

The seasonality of beetle/nematode interactions in the dung has been noted by several authors
(Bryan and Kerr, 1989, Martinez et al., 2018, Reinecke, 1960) and in some regions, the period
of coincidence was considered to be too short for dung beetles to exert any epidemiologically
useful impact on parasite transmission (English, 1979). A broad generalisation is that beetles
tend to be inactive during cold winters in northern temperate regions and dry (winter) seasons
in the southern hemisphere; these are times also when parasite transmission is low and larval
mortality can be high, particularly when faeces and vegetation become desiccated. On a shorter
time-scale, there are successional changes in the composition of the dung fauna within a pat as
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some species arrive and others disappear, consequently (Gittings and Giller, 1998), the
interactions with any parasite stages present will also vary accordingly.

Colonisation of faeces by dung beetles is affected by myriad factors such as site of deposition
(Errouissi et al., 2004b), soil type (Davis, 1996a), pat or pellet form (Tshikae et al., 2008),
chemical composition (Frank et al., 2017), size (Errouissi et al., 2004a) and the release of
volatile attractants (Frank et al., 2018). For example, as a general rule, the larger the deposit,
the greater the number of colonising beetles (Finn and Giller, 2000), hence pats produced by
adult animals are likely to harbour more beetle biomass and diversity than those of calves or
lambs. Adult cattle and sheep can be important epidemiologically, particularly in infections by
parasites like liver fluke (Durbin, 1952, Ross, 1968), lungworm (Eysker et al., 1994) and GINs
(Crofton, 1954, Stromberg and Averbeck, 1999), less so for coccidia, but youngstock are highly
significant contributors to pasture contamination with parasite eggs, particularly those of GINs
and coccidia (Forbes, 2021). Thus, differential dung beetle behaviour with respect to
differences in faecal mass and characteristics can affect their ability to interact with parasites
and contribute to their control in vulnerable stock.

At alocal scale, aggregation of beetles has also to be considered as this means that even where
beetle populations are present, not all pats will be colonised equally (Hanski and Cambefort,
1991c, Wall and Lee, 2010), so interactions between insects and helminth eggs or larvae are
correspondingly variable. As a consequence of aggregation, competition amongst beetles can
be intense, both within species and between functional groups as they contest the limited
resource of a dung pat (Davis, 1996b, Finn and Gittings, 2003, Hanski and Cambefort, 1991a).
Inevitably this in turn affects other fauna and interactions with parasites. Depending on the
location, beetles belonging to different guilds can be present simultaneously in the same pat,
so the net outcome of their interactions and consequent effects on parasitic nematode
populations will vary according to the dominant species and their composition.

8. Dung beetles and their impact on the epidemiology, transmission and impact of
livestock parasites

All the studies in the preceding sections have examined the effects of dung beetle activity on
the eggs or larvae of (mainly GIN) parasites, but none have followed these findings through to
actual measured effects on parasitism in the final hosts — mainly cattle and sheep - however,
such data are available in two trials conducted in the USA. Both natural and augmented beetle
communities were used in which the commonest species was the paracoprid, Phanaeus vindex,
the rainbow scarab; this is a large beetle (16—18 mm) that buries dung to depths of 30 cm or
more (Blume and Aga, 1976, Wassmer and Armstrong, 2023). Pastures grazed by young cattle
were manipulated to provide three contrasts: minimal colonisation by dung beetles; natural
populations of endemic dung beetles and natural populations augmented by periodic additions
of beetles caught in local pit-fall traps (Fincher, 1973, Fincher, 1975).

Compared with the control paddocks with minimal numbers of beetles, the presence of endemic
populations of dung beetles reduced the recovery of Ostertagia ostertagi larvae on herbage by
3.7 times while the augmented beetle communities reduced the number of larvae 14.7 times
(Fincher, 1973). Corresponding mean O. ostertagi counts from tracer calves grazed for three
weeks on each paddock were 1782, 499 and 537 on the minimal, natural and augmented
pastures respectively (Fig. 1). Worm populations acquired by tracer calves in the second study
were similar, with mean O. ostertagi counts of 1356, 680 and 117 (Fincher, 1975). These
results provide support for the assumptions that reduced larval contamination of pastures
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through the activity of dung beetles can reduce parasite populations in the grazing animal,
however, such worm burdens are well below those typically associated with clinical PGE or
subclinical losses in cattle (Forbes, 2021), so more research needs to be conducted under
conditions where the parasite challenge is higher and parasitism in grazing animals is measured
over at least a year in order to fully understand and quantify the role of dung beetles in PGE
control.
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Fig. 1. A. Pasture larval populations on paddocks with minimal, natural and enhanced beetle numbers. B.
Ostertagia ostertagi burdens in tracer calves grazed for three weeks on these paddocks. Redrawn from data in
Fincher. Journal of Parasitology, 1973, 59:396-399.

9. Conclusions

At global, regional and local scales, parasitism is the most common infectious disease
syndrome of livestock and its impact on animal health, welfare and productivity is substantial,
resulting in enormous direct and indirect economic losses (Charlier et al., 2020, Perry and
Randolph, 1999, Strydom et al., 2023). Control of parasitic disease in ruminants through the
use of parasiticides is common, but not without some drawbacks, notably resistance in target
parasites and potential negative effects on the functionality and populations of beneficial, non-
target insect species, including dung beetles. Current trends are to control parasites through a
multi-faceted, holistic approach, commonly referred to under the umbrella term Integrated
Parasite Management (IPM). Biocontrol through agents such as the dung fauna has obvious
appeal as a component of such approaches (Forbes et al., 2023, Szewc et al., 2021).

There is some evidence that the dung beetle fauna is richer and more abundant on organic farms
compared with conventional farms (Geiger et al., 2010, Hutton and Giller, 2003), though this
is not always the case (Piccini et al., 2019). However, healthy dung beetle populations alone
do not seem to limit parasitic disease in livestock, as organic farms, with prescribed limits in
parasiticide use, tend to have higher levels of parasitism, particularly in sheep, than other
farming systems (Akerfeldt et al., 2021). It is clear that there are multiple factors that can affect
the outcome of beetle — livestock parasite interactions in dung, these include: biogeography,
season, weather, beetle numbers, size, feeding and nesting behaviour, which in turn operate
within a more general framework of parasite epidemiology, grazing management and farming
practices.

There is very little evidence for any effects of dung beetles on the free-living stages of coccidia,
tapeworms or fluke, though, from a knowledge of the biology of these stages, it might be
surmised that dung beetles could reduce the transmission of coccidial oocysts and the survival
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of rumen and liver fluke eggs, but have little impact on tapeworm eggs. Amongst the common
nematode parasites, beetle activity can disrupt some elements of the lungworm life-cycle,
including larval survival and translocation. Much of the research on GIN has been conducted
under experimental/controlled conditions using larval emergence as the measure of effect,
implicitly linked to potential transmission to the final hosts; only two short-term studies
actually measured responses in grazing animals. Deep burial of faeces is the facet of dung
beetle behaviour most likely to lead to a reduction in pasture larval populations. Shallow burial
and fragmentation of dung can reduce larval populations, particularly when accompanied by
desiccation, but when conditions are warm and moist, larval development and survival can be
enhanced (Chirico et al., 2003, Sands et al., 2017).

Few would argue with the important role that dung beetles play in the dispersal and
decomposition of livestock faeces and their value in agricultural settings (Stanbrook-Buyer et
al., 2024), albeit constrained by factors such as the guild composition and seasonality.
However, their ability to significantly contribute positively to the control of parasitic helminths
on livestock farms appears to have a limited scientific evidence base and is to some degree
equivocal. In turn, this suggests that some of the estimated economic benefits attributed to this
element of ecosystem services have been overestimated (Beynon et al., 2015). This should not
detract from the many and diverse benefits associated with dung beetles in agriculture and
other, more natural, habitats (Davis et al., 2004, Scholtz et al., 2009).
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