Notes prepared by Dr Geoff Ridley, Science Manager, New Organisms Division, Environmental
Protection Authority, on the University of Auckland’s literature review of dung beetles
Part 1
Of the theoretical benefits relied on by the Agency, few have been objectively demonstrated at a farm
or catchment level in the countries to which exotic dung beetles have been introduced, with the
principal exception of the control of several pest fly species that are not present in New Zealand.
The proposed large economic benefits for the introduction of dung beetles into New Zealand (Forgie
2009) are based on prior work in beef range cattle in California (Losey 2006) and rely on a number of
dubious assumptions in the original paper itself and in the subsequent extrapolations between dry
land beef farming in California (where cow pats persist for 22-28 months) and New Zealand’s
temperate beef and dairy cattle farming (where cow pats persist for 1-6 months, Weeda 1967).
Even after the successful establishment of dung beetles in Australia, some CSIRO scientists
remained sceptical that dung beetles would produce significant impacts on animal production
especially in areas of high rainfall (Hughes 1975). They pointed out that estimates of the percentage
of pasture covered by faeces (e.g. up to 5% in New Zealand) do not equate to estimates of
productivity gain following dung beetle introduction (Hughes 1975). Unfortunately, in spite of the dung
beetle introductions, anthelmintic use, drench resistance and nitrogenous fertilizer application
continue to climb in Australia and water quality continues to deteriorate (Besier 2003, Eckard 2003,
Hamer 2004, www.anra.gov.au/topics/water).
In considering the benefits from the introduction of dung beetles ERMA took the approach that given
the wide variety of climates, topography, species assemblages and farming practices there could not
be an estimate of a gross national benefit. Instead the approach was to accept that there would be
significant but localised benefits to those farmers who managed to maximise the benefits from dung
beetles. For example farmers could choose to use beetle friendly or unfriendly anthelmintics. Those
choosing the former will need to manage more intensively to gain the benefits from dung beetles
whereas those choosing the latter will not have dung beetles establishing on their farms. The benefits
will accrue to those who wish to manage the dung beetles and for those who do not the status quo will
remain.
The small number of field-level experiments (Miranda 2000, Bang 2005, Yamada 2007, Rosenlew
2008) relied on by the applicants to demonstrate pastoral productivity benefits (in response to
criticism of their claims by Auckland City Council) were conducted in markedly different environments
to New Zealand, demonstrate variable results or are poorly controlled. One field experiment (Brown,
2010) was mistakenly reported by the applicants to show reduced erosion when it actually showed
higher soil losses and sediment concentration in the run-off from soil plots subjected to the burrowing
activity of dung beetles.
While the above paragraph “may be right in stating that ‘strict’ field-level experiments ‘directly’ related
to ‘pastoral productivity benefits’ may be few, the literature on general benefits of dung beetle on
nutrient recycling and dung decomposition etc. is broad and convincing. The real question is then
what ‘exact’ benefits the new introductions are aimed at, and whether there is direct scientific proof
such effects in a system like yours [New Zealand]”, (Pers. comm. T. Roslin (of Rosenlew and Roslin
2008)). As noted above the benefits were seen to be localised but significant for those who chose to
manage for it.
On the ‘mistakenly reported’ in Brown et al. (2010) comment:
“After dung beetle activity on plots soil losses were higher on plots where dung beetles had
been active. This was within a week of their burrowing activity where they bring soil to the
surface as they excavate their tunnels. Similar concept to earthworm casts but they are a
different consistency.
6 months later, the soil losses were lower on the plots where dung beetles had been active
(compared to controls) because the increased infiltration rates produced by the dung beetle
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activity meant a sustained improvement in infiltration rates. Fig 1 d. in the paper shows this very
clearly.
It is obvious. If you dig a hole and leave some soil at the surface, it will wash away. But
because there is a hole, more water will penetrate the soil resulting in less surface runoff in the
long term.” (Pers. comm. Brown.)
There are many possible reasons for the discordance between the theoretical promise of dung
beetles and the reality at the farm and catchment level. The establishment, maintenance and relative
benefits of dung beetles can be affected by a wide array of biological, agricultural, social and
economic factors including: anthelmintic and insecticide usage, temperature and rainfall patterns,
irrigation, soil types and moisture levels, sanitisation of faecal pats by sunlight, stocking rates,
rotational grazing systems, soil compaction by livestock, the watery dung of pasture-fed dairy cattle,
beetle pathogens and predators, earthworm abundance, complex interactions with earthworms and
other dung dwelling fauna, the relatively greater pollution from urinary versus faecal nitrogen,
seasonal periods of pasture surplus, supplementary feeding during seasonal periods of pasture
deficit, insufficient predictability of dung beetle benefits to convince farmers to risk changes to
management practices, and an uncertain financial model for the introduction and maintenance of the
beetle populations (Dymock 1993, Kebreab 2001, King 2007, Nichols 2008, Forgie 2009).
The dung beetle evaluation took this into account but considered that the localised benefits were
significant and sufficient for an approval for released to be made.
Dung beetles may participate in the ecology of tuberculosis by driving more wildlife-to-livestock
contact, thereby enhancing TB transmission. Many mammals eat invertebrates and prefer
invertebrates of wide availability and higher nutritive value (Redford, 1984).
Redford and Dorea (1984) studied mammals feeding on ants and termites in Brazil and “concluded
that most invertebrate-eating mammals choose prey based on availability and other aspects of prey
biology and not on gross nutritional factors”. They also say “Differences in nutritional value may affect
a predator’s choice between two specific prey items but availability and abundance of prey probably
determine the type of prey taken by most invertebrate-eating mammals”.
The exotic dung beetles are quite large (up to 22 mm) and are likely to be a good source of high
quality protein and energy (perhaps up to 2 kilojoules per beetle - Calver 1982).
Although the largest beetle (Geotrupes spiniger) to be approved is 22 mm in length the average
2.6
length of the 11 species (range 9-22 mm) is 13 mm. Using the formula E1=0.5L where E1 is
available energy in joules (Calver and Wooller, 1982) the average energy value is 0.40Kj with a range
of 0.16 - 1.55Kj. Cowan and Moeed (1987) found that that one beetle species, Stethaspis longicornis,
predominated in the diet of possums, constituting 44.9% of beetles eaten. Stethaspis longicornis at 24
mm in length (Parkinson and Horne, 2007) has an E1 of 2Kj. In this study beetle remains were found
in 10% of faecal pellets examined compared to 23.5% for stick insects, 19.6% for cicadas, and 14%
wetas. Of the total stomach content invertebrates constitutes less than 2% of the volume. There is no
indication that possums actively target specific insect species and Cowan and Moeed (1987) showed
marked seasonality in the consumption of specific species, e.g. Stethaspis longicornis mostly eaten in
summer and early autumn when the adults were in the tree canopy (larvae are subterranean root
feeders). They also suggest that these are chance encounters for possums while browsing in the
canopy rather than active insectivory.
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TB vectors like hedgehogs, pigs, mustelids and possums (as well as rodents and birds) are known to
eat beetles (King 1982, Cowan 1987, Thomson 1988, O’Donnell 1995, Smith 1995, Jones 2005).
These species frequently visit pastures and are likely to prey on the newly introduced dung beetles
on, in or under the faecal pats of farm animals. In one New Zealand study, beetles were the most
commonly eaten prey by hedgehogs (Jones 2005).
King and Moody (1982) examined the gut contents of stoats (mustelids) and found carabid beetles
(ground beetles) in 3.1% of 1250 stoats. Seventy weasels were also examined and carabid beetles
found in 3%. Insects were found in 41% but contributed less than 10% of the biomass consumed.
They noted that “For insects other than wetas the samples are generally too heterogenous or too
small to analyse with respect to season or habitat, and some may have been ingested with
insectivorous birds or lizards”. In the analysis of insect content King and Moody (1982) did identify
scarab beetles (dung beetles are scarabs). In total 13 beetles were identified: 2 Odontria (brown
beetles), 2 Stethaspis (syn: Chlorochiton, chafer), 4 Pyronota (manuka chafer), 3 Costelytra (grass
grub), and 2 unidentifies melolonthines (chafers). The data does not suggest that mustelids target
beetles as preferred food but rather the consumption of beetles is the result of random encounters.
See comments on Cowan and Moeed (1987) above. Specifically Cowan and Moeed (1987) comment
“opportunistic consumption of invertebrates fits well with previous descriptions of the varied food
habits of possums”.
Thomson and Challies (1988) found that for pigs “invertebrate foods were mainly earthworms, with
the rest being the larvae, pupae, and adults of insects, and other arthropods. Representatives of 14
insect families were identified in stomach samples, but together they formed only 2.7% of the pigs’
diet”. There is no indication that pigs actively seek out beetles as a food source.
O’Donnell (1995) is a review and only refers to the findings of Cowan and Moeed (1987).
Smith et al. (1995) examined the gut content of ferrets from pastoral habitats and found invertebrates
“in 14.3% of guts but their contribution by weight was minimal (0.1%)”. Also that “All indications from
this and previous studies in New Zealand is that ferret are opportunistic, generalist predators”. There
is no indication that ferrets actively seek out beetles as a food source.
Jones et al. (2005) found 81% of hedgehogs’ gut content contained the remains of scarab and
carabid beetles and “These were mainly grass grubs (Costelytra zealandica, C. odontrea)”.
Hedgehogs are insectivores and beetles comprise a significant proportion of its diet and they have
been shown to focus foraging on a locally abundant food source (Parkes, 1975):
“Concentrations of food become foci of hedgehog activity. During mid March 1970 the effluent
from a pigsty spilled over 0.1 ha of pasture in two places … and became infested with maggots
of the shed fly, Eristalis tenax. Large numbers of hedgehogs – 21 on 24 March for example –
were seen to be eating them. In early May the larvae of the armyworm moth, Pseudaletia
2
separata, were present at an estimated density of 2-3.m in some areas around the central pine
plantations, and the hedgehogs gathered to feed. In late November an area which had recently
been flooded supported a dense population of slugs of various species, and on 1 December
1970, 9 hedgehogs were observed feeding on these molluscs.
Conversely, unproductive areas such as the pine plantations were avoided by feeding animals.
Within the pasture the hedgehogs avoided long grass, so indirectly the grazing pattern of the
herd of cows influenced hedgehog movements.”
Parkes (1975) indicates that hedgehogs are already feeding in pastures and interact with livestock.
The addition of dung beetles is unlikely to increase this interaction as the adult and larvae are
subterranean where as maggots, armyworms and slugs are all on the surface.
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These species frequently visit pastures and are likely to prey on the newly introduced dung beetles
on, in or under the faecal pats of farm animals. In one New Zealand study, beetles were the most
commonly eaten prey by hedgehogs (Jones 2005).
As noted above there is no good evidence, with the exception of hedgehogs (Jones et al., 2005), that
pigs, mustelids or possums will deliberately target dung beetles as food source. The evidence
suggests that they may eat them if they encounter them but this will be during general foraging rather
than targeted foraging.
The invertebrates preferred by possums are sluggish, nocturnal and easily detectable (O’Donnell
1995) suggesting the nocturnal dung beetles proposed for introduction would be vulnerable to
possum predation.
This comment is from Cowan and Moeed (1987) which in full says: “Nevertheless, possums must be
considered as one more potential threat to native New Zealand invertebrates. Based on the pattern of
invertebrate predation by possums in the Orongorongo Valley, invertebrates most at risk are likely to
be small localised populations of large-bodied relatively sluggish nocturnal species with high
detectability. Possible examples include mainland populations of giant wetas (Deinacrida), large stag
beetles in Coromandel, and large weevils of the subfamily Cylindrorrhinae.” The comment did not
refer to predation of individuals but rather to the effect of predation on a population or species. There
is no evidence that dung beetles can be described as sluggish and of the 11 species only two are
nocturnal (ERMA200599, Table 1). The only time when these beetles are vulnerable to predation is
when they first arrive at fresh dung and have yet to begin tunnelling and when they leave the brood
tunnels to gather dung to take back into the tunnel.
Wild pigs in New Zealand will root for scarab beetles and these have occasional (sic) been found to
make up the bulk of pig stomach contents (Thomson 1988).
The exact quote from Thomson and Challies (1988) says: “Twelve [food] items were found in bulk
(i.e., >50% of content) in one or more of the pigs; these included all of their main foods (see Table 2)
as well as several otherwise unimportant foods such as fungi, scarab beetles, and introduced thistles
(Cirsium spp.).” This is the only mention of scarabs in the paper. At best, one pig, out of 104 sampled
contained scarabs but this is not clear from the description.
Unlike the risk scenario below, this risk does not require the dung beetles to be infected by M.bovis –
just to be sufficiently abundant to attract wildlife into close proximity to livestock more frequently, or for
additional seasons, or for longer periods than currently (e.g. see Green 1986 for an estimate of the
current frequency of pasture visits by possums).
Green and Coleman’s (1986) research showed how much movement by possums there was between
forest and pasture and they proposed that “the control of possums in Tb-problem areas will be
required over forest at least 1 km in from the forest-pasture margin”. This has been incorporated into
the Tb control strategy (Green 2004).
The following comment comes from Landcare Research (pers. com David Choquenot): “At issue is
whether the presence of dung beetles would, by changing the foraging behaviour of possums,
increase the potential for contact between possums and livestock (noting that the issue of dung beetle
consumption of possum faeces was robustly addressed during the ERMA process). Increased contact
between possums and livestock is highly unlikely, because in the very areas of concern (i.e. TBinfected farms, where possums are the most likely source of initial infection in the first place), active
management of wildlife vector populations (particularly possums) to maintain them at extremely low
levels, is undertaken as a primary management priority. It is worth noting that people not directly
involved in TB management often do not realise what is meant nowadays by ‘low possum
populations’ – tens of thousands of hectares of farm-forest boundaries with possums at near-zero
densities.”

Page 4 of 39

This scenario is similar to the role proposed for the dung beetle in the badger-bovine TB cycle in the
UK (Little 1982, Hancox 1997, Gallagher 2005).
Little (1982) says “Although the earthworm is the preferred diet of the badger, at times of scarcity
badgers will search for other food including dung beetles (Geotrupes sp) in cow pats and during May
and August may eat considerable numbers”. Given New Zealand’s milder climate it is difficult to see
when scarcity of food would be sufficient to drive possums or any other mammals to seek out dung
beetles. The exception here is hedgehogs which Parkes (1975). Parkes observed “It was thought that
the study area might be too small to accommodate the hedgehogs’ movements, but during the
monthly surveys of the surrounding areas only 4 marked animals were discovered more than 500 m
from the edge of the study area”. In other words they do not tend to wander far from a home range.
He also observed that they tended to congregate around a food source when it was available. If his
observations are correct then the animals need to take advantage of localised food availability. This
suggests that if dung beetles where available and could be caught by hedgehogs then they would
take advantage. However, this also suggests that they will not transport any disease derived from the
beetles very far at all.
Hancox (1998) says “It is perfectly obvious that cattle are infectious at any stage of the disease … but
it will be necessary to re-discover that NVL/VL cattle may be infectious and real source of TB to both
cattle AND badgers in order to dispel the belief of badger guilt.” In other words Hancox considers that
it is infected cattle that are infecting other cattle and badgers, and that badgers play no role in disease
spread. He does not mention dung beetles at all. Hancox (1997) links the infection of badgers from
feeding on dung beetles and earthworms in Tb contaminated cow faeces. As earthworms are a
preferred food the implication is they transmit Tb to badgers. As New Zealand has earthworms
associated with dung a pathway for infecting already exists yet earthworms are not implicated in Tb
transmission in New Zealand.
Gallagher (2005) says “The predominant feeding behaviour of badgers is foraging for earthworms,
which are most abundant on pasture. In addition, badgers are particularly fond of beetles, which they
forage for under cow-pats”. No particular mention is made of dung beetles or any involvement of dung
beetles in attracting badgers into pastures or in ‘vectoring’ disease.
The counter argument by the applicants that the introduction of the new species of dung beetle will
reduce dung quantities on pasture and therefore decrease the overall invertebrate biomass available
for predation in faeces is also plausible.
The applicant did not make this claim. The argument put forward by the applicant was that “Dung
burial decreases pest populations such as nematodes, flies, and diseases, thus reducing parasiticide
use” and “Burial of dung reduces populations of biting flies, improving mental well-being of stock”
while at the same time “The introduction of dung beetles is expected to enhance soil biodiversity and
increase the numbers of other beneficial organisms such as earthworms”.
However, given the efforts by the applicants to ensure they introduce a range of large dung beetles
that will be abundant day and night all year round, it seems likely predators will soon associate fresh
cattle dung with a consistent, high quality, easily accessible food supply.
This was not the reason for the large range of species applied for by the applicant. The applicant said
“Each species has been selected for its predicted climatic suitability to specific regions of New
Zealand (Edwards, 2010), so that ultimately the majority of pastures used for farming livestock in New
Zealand will contain at least one or more species of dung beetle”. The applicant referred to a report
on the climatic suitability of dung beetles species for New Zealand (Edwards, 2010) which showed
quite clearly the limited distribution that these species would have. This was the basis of the ERMA
conclusion that the beetles would only be locally significant. Any increase in food availability to pest
mammals would be very localised and ephemeral.
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The Agency states it is unaware of any published evidence that dung beetles carry or vector
Mycobacterium bovis. However, it is also true that there is no published evidence to disprove the
carriage of M. bovis by dung beetles. The literature on pathogenic and conditionally pathogenic
mycobacterial species suggests beetles and other invertebrates can carry the mycobacterial species
to which they are exposed (Beerwerth 1979, Fischer 2004, Matlova 1998, Matlova 2003, Kazda
2009).
Beerwerth et al. (1979) found that insects, both adults and larvae, which live in the soil contained
mycobacteria, whereas when only the nymph lived in the soil and the adults were winged these
species contained far fewer mycobacteria. Interestingly they conclude “The epidemiological
importance of arthropods spreading pathogenic mycobacteria should not be overvalued” rather than
undervalued.
Fischer et al. (2004) examined 229 adult beetles from 29 species from 14 localities in the Czech and
Slovak Republics. They did not find mycobacteria in any of the beetles tested. However they were
able to recover mycobacteria in beetles deliberately fed food contaminated with mycobacteria. These
same researchers have shown that mycobacteria can be isolated from earthworm and by implication
could be involved in the transmission of these organisms.
Matlova et al. (1998) – this paper is Czech and the abstract provides no detail that we can assess.
Matlova et al. (2003) found that in a sample of 430 invertebrates from farms where mycobacterial
infection had occurred that mycobacteria were isolated from 7.9% or 34 individuals. The infected
invertebrates were hoverflies, flies, fruitflies, dung flies, biting flies, and earthworms but no beetles. All
of the invertebrates that were found to be carrying mycobacteria are already present in New Zealand.
Kazda et al. (2009) is a book to which we do not have access.
Mycobacteria, because of their cell wall structure, are thought to be resistant to the digestive
enzymatic activity of insects and can be excreted in their saliva and faeces (Kazda 2009).
Kazda et al. (2009) is a book to which we do not have access and so have not evaluated.
The literature relating to dung beetles, badgers and TB implies but does not prove carriage of
M. bovis by dung beetles.
From the review of the information above the implication that TB is carried by dung beetles is dubious.
Dung beetles may increase the prevalence of tuberculosis in wildlife reservoirs within and outside
vector-control areas by increasing intra-specific and inter-specific transmission in these reservoirs. In
pastures bordering marginal land, beetles may seek out the faeces of wildlife including species that
can act as reservoirs or amplifier hosts of TB (such as pigs, deer, possums, goats, lagomorphs,
ferrets and hedgehogs, Coleman 2001, Machackova 2003, de Lisle 2008). Beetles consume fluid
from the faeces and bury faeces to form brood balls into which they lay their eggs. They produce
between 50-200 eggs and may have many generations over their 3 month-3 year life spans (Dymock
1993). If the faeces are from wildlife with advanced respiratory, retropharyngeal or gastrointestinal
tuberculosis, the adult beetles may encounter sufficient quantities of M. bovis to become infected.
Perhaps more importantly, because M. bovis can survive for up to 42 weeks buried in soil admixed
with faeces (Duffield 1985), the M. bovis contaminated brood balls may subsequently infect beetle
larvae, potentially creating a much larger new generation of infected beetles. TB-infected dung
beetles may then fly on to new faecal pats in neighbouring farms or in other forest clearings
frequented by wildlife.
Duffield (1985) notes pot trials conducted by Maddox in 1933 that reported survival up to 42 weeks.
Duffield conducted pot trials but was unable to retrieve any M. bovis after 8 weeks. One treatment
was to expose the pots to sunlight but as the pot temperatures reached 43˚C it is more likely that
M. bovis was killed by heat and not sunlight. Interestingly M. bovis was never retrieved from the
treatment containing dung. There are a number of studies that show that pathogenic Mycobacterium
can survive in soil, e.g. Lavania et al. (2008) showed M. leprae was retrieved after 45 days. However
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these studies do not give any quantitative measure so there is no indication whether there is sufficient
inoculum present in the soil to cause disease. Scantlebury et al. (2004) have examined badger cattle
interactions and have suggested that badger latrines could be a source of infection when cattle
stocking is high and they are forced to graze these areas. The only mode of infection suggested is by
pulling soil up with the grass when grazing. Even if this is a plausible pathway for infection between
badgers and cattle there is no evidence that alternate hosts in New Zealand, e.g. possums, have
latrines (Paterson, 1993).
Given that very large dispersal distances have been recorded (see later), beetles may fly beyond the
vector control areas. On arrival at the new faeces, infected beetles may be predated by wildlife
(Hughes 1975) potentially infecting wildlife both inside and outside the vector control area and
creating unpredictable intra-specific and inter-specific transmission routes.
Macqueen (1975 [not Hughes]) speculated that a wide range of mammals, birds and cane toads
would feed on dung beetles introduced into Australia. In the following 36 years this has never moved
beyond anecdotal information and there is no evidence that any new disease dynamics have
eventuated.
The Agency takes comfort from the lack of evidence that earthworms are involved in the epidemiology
of bovine tuberculosis. This view ignores the reality that we rely on a good understanding of the
epidemiology of bovine tuberculosis, movement control and vector control to contain the disease to
particular regions of New Zealand (Ryan, 2006). Through their ability to emerge in large numbers
(Hughes 1975, Flene [Fiene] 2011), to fly long distances unlike earthworms (Dymock 1993, Appendix
1, ERMA 200599) and to be eaten by a variety of wildlife vectors (see above), dung beetles have the
potential to complicate M.bovis epidemiology and compromise vector control strategies at the heart of
New Zealand’s bovine tuberculosis control programme.
There is a lack of scientific evidence to identify a hazard and consequently a lack of evidence to
assess risk.
The Agency relies on the suggestion that the risk of bovine tuberculosis will be decreased by the
possibility that dung beetles will reduce the amount of M. bovis on the soil surface. Unfortunately, it
could equally be true that rapid burial of dung will increase the amount of viable M. bovis in topsoil
(and associated bodies of water) by reducing desiccation, increasing microbial adherence to organic
matter and providing beneficial nutrients. As mentioned above, M. bovis can survive for up to 42
weeks buried in soil admixed with faeces (Duffield 1985). The impact of soils on the infectivity of
bacteria is highly complex (Weinberg 1979 [1987]). More importantly, the Agency is ignoring the
strong evidence that the most important bovine tuberculosis transmission pathway in New Zealand is
from wildlife reservoirs to stock, not from faecal pats to stock or from soil to stock (Ryan 2006).
As noted above pathogenic Mycobacterium can survive for varying periods of time dependent on a
number of environmental variables, e.g. temperature, moisture, and exposure to UV. Rapid
incorporation into the soil could prolong the longevity of spores in the environment. However, given
that the spores are sequestrated in the soil, there is no evidence that arthropods amplify the
bacterium, there is no evidence for vectoring, and given the very low occurrence of Tb in the national
herd, and the very low numbers of alternative hosts in Tb control areas it is very difficult to construct a
plausible source of inoculums or pathway of infection. Ryan et al. (2006) has identified mammal host
to mammal host as the most important pathway for disease transmission. In New Zealand the policy
has been to eliminate the primary hosts, diseased cattle, possums and mustelids, to control disease.
The removal of these animals could result in the disease dying out in the secondary hosts. The same
argument has been used in Britain where evidence is that the primary path of Tb infection is from
cattle to badgers with a secondary spread back from badgers to cattle. The management of diseases
cattle will eventually see the disappearance of the disease in badgers. It is interesting to note that
badgers are do not appear to be considered a significant sources of Tb in Europe indicated by the
lack of literature on this topic.
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The Agency relies on the “highly preferential association” between large herbivore faeces and the
dung beetles proposed for introduction. However, ‘no choice’ tests to prove the introduced dung
beetles will not feed on the faeces of New Zealand wildlife vectors have not been undertaken. In fact,
there is considerable evidence that, when required, dung beetles will utilize the dung of deer, pigs,
carnivores, humans and many other species including the North American opossum (Fincher 1970,
Appendix 1 and Response to Submissions ERMA 200599).
Both the applicant’s and the ERMA analysis clearly stated that there are, within the large number of
dung beetles species, very distinct groups that have evolved for specific habitats and hosts on
different continents. The applicant selected species that have coevolved with large ungulates of open
savannah/steppe grasslands. In contrast Fincher et al. (1970) were looking at native dung beetles of
the open woodlands and forest of south eastern North America with a different suite of mammals and
habitats.
The Agency relies on the ‘ample quantities’ of large herbivore dung in New Zealand implying that this
plentiful resource will make it ‘very unlikely’ the dung beetles will seek out the faeces of wildlife
vectors of tuberculosis. This conclusion ignores the fact that most New Zealand pastures are
rotationally-grazed. This farming practice, in combination with our plentiful rainfall, will result in many
occasions when newly emergent dung beetles will encounter a paucity of faecal material in their
immediate environs and will need to rely on their highly developed sense of smell to guide their flight
to whatever faeces are available in the region. Accordingly, beetle ‘shuttle flights’ between the faeces
of domestic and wild animals in adjoining pastoral and marginal land would seem likely.
These comments make the assumption that when insects do not find their food source they will move
on to some alternative foods. This is far from reality and most insect simply do not feed and
consequently do not reproduce unless the correct food is available. All the indications are that dung
beetles are unlikely to move more than a few kilometres in search of food. Some species will in all
likelihood only move a few hundred metres. This lack of movement is seen a limiting factor on their
successful establishment. The ERMA review highlighted that dung beetles were likely to be localised
and farmers would need to manage their farms to facilitate establishment.
The Agency relies on the high preference of the introduced dung beetles for an open pasture
environment. Although the species of dung beetle proposed for importation are unlikely to penetrate
far into dense bush, they can be found in broken scrub, forest fringes, forest clearings bush remnants
or regenerating forests with relatively open canopies. (Galante 1995, Appendix 1, ERMA 200599, JayRobert 2008) - an environment that is not uncommon in the marginal land around farms in the
tuberculosis vector control areas
These comments show limited appreciation of the complexity of the Mediterranean grassland/
shrubland/ woodland habitats (Galante 1995; Jay-Robert 2008). There is a complex of plant species,
mammalian species, and dung beetles that is not replicated by the New Zealand environment. At best
there will be some open and patchy scrubland in which cattle are grazing where there are possums
and possibly pigs. But where Tb is being controlled these animals will be at very low levels. No
evidence based hazard could be identified.
The Agency relies on the lack of international evidence to implicate dung beetles in the persistence or
transmission of bovine tuberculosis. There is some international evidence of such a link (Little 1982,
Hancox 1997, Gallagher 2005). There is also a lack of research disproving the link and no research
that examines this question in the light of the specific vector-related issues that complicate the
eradication of bovine tuberculosis in New Zealand.
The lack of evidence was one factor, but just as importantly the lack of concern from overseas
researchers and jurisdictions that dung beetles exacerbate disease problems. The content of these
citations are dealt with above.
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The Agency concludes that the burial of dung may reduce exposure of stock to Mycobacterium avium
subsp. paratuberculosis (MAP) and decrease the risk of Johne’s disease. However, stock avoid
grazing near faecal pats and the burial of MAP does not inactivate the bacterium nor necessarily
reduce the exposure of stock to MAP. Soil samples are still frequently positive for MAP at up to 20 cm
below the soil’s surface (Pribylova, 2011). Rapid burial of dung may increase the amount of viable
MAP in topsoil by reducing exposure to light (Whittington 2004). Overtime, this may enhance MAP
density in grass, roots and – through runoff, dust and groundwater contamination – in farm ponds and
water troughs.
In the presence of animals shedding MAP propagules Pribylova et al. (2011) were able to detect MAP
(using PCR) from pasture plant sample and soil sample as deep as 20cm. Note that this test did not
distinguish between living and dead propagules. Pribylova et al. (2011) found a correlation between
presence of MAP and moisture and clay content of the soil. It is not certain whether or not these
conditions enhanced the survival of MAP propagules or the survival of DNA from dead propagules.
Pribylova et al. (2011) observes that when mycobacteria were deliberately inoculated onto soil, they
were only able to re-extract 3.5%; the remainder stayed irreversibly bound to soil particles. This
suggest that MAP propagules where not free to move soil water.
Pribylova et al. (2011) say: “In soil, the population size of bacteria generally declines rapidly over time
depending upon biotic and abiotic factors. Predation, competition, and root growth are the most
important biotic factors, while the presence of clay minerals, water tension, organic and inorganic
nutrients, temperature, pH, and chemicals (toxic waste) represent crucial abiotic factors. The survival
of bacteria in soil is mainly enhanced by a slower turnover of organic matter, small pore size, soil type
and finer-textured soil—clay.” One of the characteristic dung beetle activity is the increased turnover
in organic matter, and an increase in soil porosity which are factor that do not favour the survival of
MAP propagules.
Whittington et al. (2004) did not find that exposure to light was a contributing factor in the decline of
MAP but rather diurnal temperature flux within dung pats and in the top 1cm of soil. They found MAP
survived longer when the contaminated substrate was shaded thus reducing temperature flux. When
MAP in faeces becomes mixed with soil, there is a reduction of 90 to 99% in the apparent viable count
of the organism probably caused by binding of bacteria to soil particles. MAP has an obligate
requirement of mycobactin for growth. Mycobactin is an iron-chelating growth factor, thus needs the
presence of another organism producing this agent before it can multiply.
MAP can be spread by various contaminated materials, e.g. manure, soil, milk etc., and numerous
organism vectors that have been investigated. With all this research on MAP it is interesting that an
organism such as the dung beetles, a known obligate feeder of dung has never positively shown to
carry MAP from environmental sampling, while earthworms, flies, cockroaches and nematodes have
been implicated by association.
The Agency states there is no evidence that dung beetles can amplify MAP within their
gastrointestinal system or spread MAP. This view is weakened by the experimental evidence that
MAP has been shown to replicate in protozoa (Mura 2006, Gill, 2011) and to remain viable in the gut
of beetles (Fischer 2004). MAP clearly has the potential to exploit the intracellular existence in
protozoa, nematodes and insects for its survival (Mura 2006) and may even acquire enhanced
virulence (Rowe 2006).
Mura et al. (2006) demonstrated under laboratory conditions that MAP is able to live and multiply
within an amoeba, a common soil and water single cell organism. A number of pathogenic bacteria,
i.e. Legionella, Listeria, Chlamydia and mycobacteria, are also known to survive phagocytosis and
remain viable in intracellular protozoan vacuoles. Replication in a single celled protozoan is hardly
comparable to replication in a complex multi-cellular organism such as a dung beetle and we consider
that this evidence does not weaken our initial view.
Gill et al. (2011) postulated the transmission of MAP from food (meat and milk). The only discussion
on protozoa was that they are found at meat processing plants no reference was made to MAP
replication in protozoa. The relevance of this paper to the argument is not known. Fischer et al. (2004)
failed to isolate MAP from beetles caught in this study from sites where MAP occurred. However,
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MAP could be recovered from the intestinal tract of beetles that had been fed contaminated food. This
studied showed that beetles could, in theory, mechanically carry MAP propagules but did not
demonstrate that MAP could replicate within a beetle. Also of note is that newly emerged adult
insects, from pupal stage, did not have intestinal mycobacteria.
Rowe and Grant (2006) is a review paper in which they reported a study by Cirillo et al. which found
that MAP cells engulfed by amoeba, Acanthamoeba polyphaga, had increased virulence but that
“increased virulence was not because of selection but induction of a more virulent phenotype”. This
induction of virulence has only been observed in protozoa and not in nematodes or insects.
The Agency’s observation that MAP can be spread by multiple pathways does not reduce the
significance of environmental sources of infection and wildlife reservoirs in the epidemiology of
Johne’s disease. Environmental reservoirs of MAP in soil and water are considered important in the
epidemiology of the disease (Whittington 2005, Pavlik 2010, Pradhan 2011). Wildlife reservoirs of
infection would be considered to have major implications for the control of MAP in New Zealand (de
Lisle, 2003).
The ERMA risk assessment took into account the environmental reservoirs of MAP already present in
New Zealand. The assessment found the pathway of MAP transmission from dung beetle to cattle to
be so limited, i.e. negligible, it would not be additive to all the other known modes of transmission
already present in New Zealand.
Interestingly Pradhan et al. (2011) did not invoke an environmental reservoir for the chronic level of
MAP in the three dairy herds he studied in the north-eastern US. They considered that the faecal-oral
route between animals to be the most important, and the failure to recognise that low shedding
animals were infected, and not just passive vectors, and thus a source of infection to the herd.
MAP-infected dung beetles (Fischer 2004) may infect wildlife by seeking out the faeces of wildlife in
scrub, forest margins, clearings, etc. Over time, the arrival of numerous dung beetles may build the
numbers of viable MAP present in these environments, potentially infecting rabbits, hares or wild
ungulates (which in turn may act as reservoirs of infection – Beard 2001, Judge 2005, Judge 2007,
Kopecna 2008, Stevenson 2009). In addition, mustelids, rodents, birds, cats, opossums and pigs may
ingest MAP-infected dung beetles on farms or in forest clearings and become carriers of MAP. There
is evidence these wildlife species can carry MAP (Beard 2001, de Lisle 2003, Corn 2005, Judge 2005,
Judge 2007, Kopecna 2008, Stevenson 2009) and that they are likely to predate dung beetles
(Hughes 1975, King 1982, Cowan 1987, Thomson 1988, O’Donnell 1995, Smith 1995, Jones 2005).
The dung beetle species that have been approved for New Zealand were assessed from their high
preference for pasture habitats and the dung of large ruminants. There is no obvious or viable
pathway for wildlife to be infected in any significant numbers. It is possible that mustelids, rodents,
birds, cats, possums and pigs could occasionally eat a dung beetle but for infection to occur the
beetle would have to be contaminated with MAP and MAP would need to be present in sufficient
numbers to be an infective dose to the mammal eating the dung beetle. It is far more likely that
mustelids, rodents, birds, cats, possums and pigs will become infected by other means, e.g. the
greatest risk of transmission comes from the faecal contamination of feedstuffs and drinking water.
The Agency’s observation that dung beetles will not be eaten by cattle does not prevent cattle
becoming infected by a reservoir species capable of ingesting dung beetles.
The etiology of Johne’s disease and MAP is not the same as bovine TB, in which a reservoir is
needed. Animals that spread MAP from contaminated dung to food for cattle and sheep are already
present in New Zealand in large numbers. Dung beetles will not increase this pathway of infection but
is more likely to reduce it by the removal of dung reducing the opportunity of MAP to spread.
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Clinically significant MAP infection appears more likely when young stock are exposed to large
amounts of the virulent strains of MAP (O’Brien 2006, Norton 2009, Mackintosh 2010, Pradhan 2011).
There is evidence that some strains are more pathogenic than others (Motiwala 2005, Marsh 2006,
Stevenson 2009, Pradhan 2011). Dung beetles are strong fliers, can emerge in large numbers and
may have the potential to transfer virulent strains long distances.
As discussed above dung beetles tend not to travel far and when colonising a new area they tend to
move along a front. As also discussed above there is no evidence that dung beetles vector
mycobacteria.
Dung beetles may also be able to amplify MAP in the environment by burying MAP-infected faeces
into brood balls and infecting a new and expanded generation of dung beetles.
Beerwerth et al. (1979) found that larvae and adults of beetles permanently living in substrates
contaminated with mycobacteria were also contaminated with mycobacteria. However flying adults
were less contaminated. Fischer et al. (2004) did not find any MAP in any of 229 beetles captured
from areas where diseased animals occurred. There is no evidence that beetles either mechanically
transfer, are vectors of, or can amplify mycobacteria.
The Agency’s observation of the proposed link between nematodes and Johne’s transmission is not
material; nematodes are not required for the environmental transmission of Johne’s disease.
The assessment of nematodes focused on bovine tuberculosis however, nematodes have been found
to contain MAP (see discussion above). As nematodes eat amoeba there is a possibility of dung
beetles affecting this chain of transmission with their actions, which in itself is very small compared to
transmission from the faecal contamination of feedstuffs and drinking water.
The Agency’s conclusion that it is very unlikely dung beetles will ‘factor’ a disease-causing organism
out of a quarantined area relies on the Agency’s view that there is no evidence that dung beetles can
spread infectious agents. This is a curious conclusion given the ample evidence (in spite of the
relative paucity of research investigating their roles as vectors) that dung beetles and carrion beetles
carry or spread a variety of pathogens (Stewart 1963, Lonc 1980, Solter 1989, Saitoh 1990, Du Toit
2008, Xu 2003). Similarly, darkling beetles are known to transmit a wide range of viruses,
enteropathogenic bacteria and parasites in poultry leading Goodwin (1996) to conclude that “the
threat of severe adverse economic impact from beetle-vectored disease should not be overlooked or
casually dismissed”.
Stewart and Kent (1963) showed that beetles feeding in and around mammalian dung contained
mammalian intestinal nematodes. How the beetles came to contain nematodes was not
demonstrated, that is did they eat the eggs or the young larval instars? Although claiming that the
beetles were intermediate host they did not show that the nematodes could complete their life cycle or
that there was any other mechanism for the nematodes to be passed from a beetle to a mammal.
Lonc (1980), Solter et al. (1989), Saitoh and Itagaki (1990), Du Toit, et al. (2008) are as for Stewart
and Kent (1963) in that pathogens and parasites can be demonstrated as present but what role if any
they play is not shown. We do not have access to Xu (2003).
Goodwin and Waltman (1996) like Stewart and Kent (1963) show that it is possible to isolate
vertebrate pathogens from a beetle living in a substrate contaminated with pathogens. However, they
fail to show that the beetles can vector the disease.
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It is agreed that insect-related biosecurity risk already occurs in New Zealand through flies and the
exotic dung beetles that are currently present in New Zealand. The change to this risk following the
introduction of 11 new species of dung beetles will depend on such matters as the abundance of the
new beetles, the influence of the beetles on the abundance of New Zealand fly species (many of
which are not dependent on dung), the comparatively large distances beetles can fly, the potentially
greater infective dose carried by larger beetles and the reduced opportunity for pathogens in buried
faces to be killed by sunlight, drying and high temperatures (see below).
The typical dispersal distance of the introduced beetles is germane to an understanding of their risks
to biosecurity and vector control. Unfortunately, little specific information is available. Reviews
(Dymock 1993) and the ERMA 200599 consultation document variably refer to the exotic dung
beetles as being ‘proficient’ or ‘strong’ fliers capable of dispersing between fifty to ‘several hundred’
kilometres. In comparison, flights typical for domestic flies are 0.5-2 kilometres (Alam, 2004) and
most flights for the small Aphodius sp. dung beetles (which are currently present in New Zealand) are
less than a kilometre and are relatively infrequent (Roslin, 2000). Roslin (2000) observed marked
interspecies differences in dispersal distance in dung beetles and noted that the larger beetle species
and those with specialist feeding requirements tended to fly greater distances. The author also
observed evidence of active search behaviour and concluded that dispersal distances will ultimately
depend on the configuration of their resource patches over the landscape (Roslin, 2000). The dung
beetles E. Intermedius and D. Gazellea that were introduced into the USA soon spread to Mexico
(Montes 1998) and those released in Australia to off-shore Islands, highlighting the likelihood the
dung beetles proposed for introduction to New Zealand will similarly be capable of widespread
dispersal.
The Agency’s observation that use of anthelmintics has been demonstrated to be lethal to dung
beetles and therefore will affect the magnitude of all effects is somewhat circular and provides a better
reason to question the likely benefit of the introduction to New Zealand than to rule out biosecurity
risks.
The distance that dung beetles fly is species dependent and generally the information is generic. We
note that the comment above “capable of dispersing between fifty to ‘several hundred’ kilometres” in
ERMA 200599 Appendix 1 actually says “known to travel several hundred kilometres in a year”. It
does not refer to a single flight but the potential of a moving front of the expanding population to
become established in new areas. So the front may move several hundred kilometres not necessarily
individual beetles. In contrast Roslin (2000) found that larger beetles species dispersed greater
distance than small beetles. However this is qualified as he found that the majority of beetles moved
only short distances often only moving between a few dung pats within 1-2 km in their lifetime. This
poor dispersal lead him to be concerned that in fragmented pastoral landscapes dung beetles could
become locally extinct due to this low dispersal ability.
Euoniticellus intermedius and Onthophagous gazelle are described as being “introduced into the USA
soon spread to Mexico”. It is difficult to establish how much of this spread is natural, i.e. through
beetle flight, rather than human assisted dispersal. Wood and Kaufman (2008) note that
E. intermedius was released in California in 1978, Texas in 1978 and Georgia 1984 and thus it
appears to have crossed the North American continent in six years. How it expanded from these
establishment points is unknown but given what occurs in other countries, i.e. Australia, it seems
reasonable to assume that much of the spread was human assisted.
The movement of dung beetles in Australia to off-shore islands refers to Onthophagous gazelle
establishing on Magnetic and Palm Islands, 8 and 30 km off the coast of Queensland (Bornemissza
1976). These islands are immediately adjacent to the primary establishment area of O. gazelle in
Australia. Palm Island has 4000 residents and an unknown number of livestock, it is serviced by four
ferries a week plus a twice weekly barge service bringing food, machinery and fuel to the island.
Magnetic Island is a suburb of Townsville with 2100 residents as well as tourist hotels, and has a
frequent passenger and vehicle ferry service. As a pathway for establishment on these islands human
assistance either deliberate or unintentional, is as likely as the beetles having flown to the islands.
Also of note is that these islands are in the cyclone corridor for Queensland and beetles could easily
be transported by these events (Flood et al., 2006; Holzapfel and Harrell, 1968).
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Invertebrates may act as reservoirs and vectors of pathogens capable of horizontal transfer of
virulence factors to humans and animals, and potentially also as a pool of future emerging pathogens
(Waterfield, 2004).
Waterfield et al. (2004) is a highly speculative article on the role of invertebrates, in general, as an
environment in which bacterial strains might develop novel virulence factors that could be spread to
existing human commensual or pathogenic bacteria. They say “We believe that invertebrate
pathogens act not only as reservoirs and vectors for horizontally transferred virulence factors, but
could also provide a potential pool of future emerging pathogens”. Their thesis is that all insects that
are in some close relationship with humans are a potential source of new diseases. Given the large
number of insect species already present in New Zealand it is difficult to see that dung beetles will
significantly alter the present risk.
As with the biosecurity risk above, the Agency’s view that public health risks are unlikely relies on the
Agency’s confidence that dung beetles do not spread infectious agents. While dung beetles are
unlikely to be direct vectors of disease in people, they can harbour infectious agents that are of risk to
people [Lonc 1980, Saitoh 1990, Xu 2003] and there exists the possibility that they might contribute to
environmental contamination akin to the role played by carrion beetles (Solter 1989) and
cockroaches.
These papers as discussed above simply show that if invertebrate lives in a substrate containing
mammalian pathogens and parasites then, not surprisingly, it is possible to isolate those same
microorganisms from the insect. They have not demonstrated that these invertebrates vector these
pathogens and parasites. Solter et al. (1989) speculated on pathways for pathogenic bacteria picked
up by carrion beetles and deposited in the soil could then be transferred from soil to humans. While
possible they remain unproven as a source let alone a significant source of such infections. A number
of native and introduced species of carrion beetle exist in New Zealand and these have not been
linked to any public health risks (Miller, 1971; Kuschel,1990).
In contrast the use of earthworms have been shown, in vermicultural composting, to significantly
reduce pathogens in human waste (Eastman et al., 2001). As dung beetles have a similar mode of
action and encourage earthworm activity it is like that dung beetles will also reduce mammalian
pathogens and parasites found in dung.
Edwards and Subler (Vermiculture http://www.crcnetbase.com/doi/abs/10.1201/b10453-17
The various microbial components of dung tend to survive better when protected from light,
dehydration and temperature fluctuations – conditions provided by rapid burial in soil vs surface
exposure (Lewis 2011 [Lewis, G. Professor of Microbiology, University of Auckland. Personal
Communication. 2011]). Enteric bacteria like E. coli, Enterococci and Campylobacter survive longer
in damper and cooler sheep and cattle faeces (Sinton 2007, Moriarty 2011). The survival of E. coli in
cattle faeces is reduced by solar radiation (Meays 2005). Therefore, the likely result of moving dung
rapidly into soil is an increase in the soil load of enteric organisms including pathogens such as
enteropathogenic E. Coli, Campylobacter and Salmonella (Yokoyama 1991, Lewis 2011 [pers. com.]).
The soil load of enteropathogens is important because high loads make it more difficult to clear
pathogens from herds and make water contamination through near-surface runoff and drains more
likely (Lewis 2011). Notably, drains and near-surface seepage are much more prevalent sources of
water contamination by microorganisms than surface flow in all but the heaviest of rains (Lewis 2011
[pers. com.]).
While this section appears reasonable it fails to take into account the ecology of soil and its use in
bioremediation of waste water. In simple pasture systems with many animals carrying disease it is
reasonable to assume that pathogen loads in the environment will increase as propagules of
pathogens and parasites are shed. However as the system becomes more complex, e.g. as for
instance with the introduction if dung beetles, the interactions between species becomes more
frequent and maintains ecological balance. There is also an assumption that there are many diseased
animals shedding propagules which will cause the increase in pathogen load but this is not the case
as the occurrence of Tb and Johnes disease is low as is the number of propagules produced. The
description above implies that every cattle beast and dairy cow is shedding propagules and dung
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beetles are frequent enough to be burying every pat. In reality currently there are approximately 80
herds identified with Tb, of which the vast majority contain a single-reactor animals rather than whole
infected herds and active management keeps the number low (pers com Choquenot).
The water run-off scenario is also simplistic in that it assumes only one change and that is the an
increase in pathogen load. It does not factor in the increased porosity of the soil holding the water
rather than allowing it to run-off quickly, increased root development due to deeper richer soils
retaining water longer, and the interaction with an increased soil fauna microbiota interacting with
pathogen propagules. This is the basis of bioremediation of waste water (Eastman et al., 2001;
Kadam et al., 2008).
Not only are dung beetles that bury faeces likely to increase the soil load of bacteria (Yokoyama 91,
Lewis 2011 [pers. com.]) there is also evidence that the burrowing activity of dung beetles can
produce periods of increased soil loss following rainfall (Brown 2010) – increasing the risk waterways
could be contaminated by enteropathogens from soil.
“After dung beetle activity on plots soil losses were higher on plots where dung beetles had
been active. This was within a week of their burrowing activity where they bring soil to the
surface as they excavate their tunnels. Similar concept to earthworm casts but they are a
different consistency.
6 months later, the soil losses were lower on the plots where dung beetles had been active
(compared to controls) because the increased infiltration rates produced by the dung beetle
activity meant a sustained improvement in infiltration rates. Fig 1 d. in the paper shows this very
clearly.
It is obvious. If you dig a hole and leave some soil at the surface, it will wash away. But
because there is a hole, more water will penetrate the soil resulting in less surface runoff in the
long term.” (Pers. comm. Brown.)
As noted above, the burial of dung by beetles may increase the MAP ‘load’ in soil. The greater
exposure of humans to environmental sources of MAP through contaminated dust or water may
predispose to Crohn’s disease (Pickup 2005, Gill 2011).
This is dealt with above. There is no evidence to show that there would be an increase in MAP ‘load’
in the soil as a result of dung beetle activity.
Accordingly, the counter-view expressed in the ERMA application that the burial of faeces by dung
beetles may reduce public health risk via reduced fly and pathogenic protozoal populations, reduced
run-off and less contamination of waterways by microorganism seems unlikely and would certainly
require empirical confirmation at a catchment-level scale.
More empirical evidence would give finer resolution to the risk assessment but is not necessary for a
risk assessment to be conducted.
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Ten percent of New Zealanders derive their water from roof collection – especially in rural areas.
Nocturnal and crepuscular dung beetles in Australia and Northland have been reported to be attracted
to the lights of homesteads (see ERMA consultation document). These dung beetles have the
potential to contaminate roofs and collect in guttering and water tanks. Given the propensity of dung
beetles to undergo so-called 'mass occurrences' when very large numbers take to the wing in midsummer (Hughes 1975, Flene, 2011) this may create short time points of higher exposure of
households to enteric pathogens.
“The biological quality of roof water in New Zealand is usually poor (Ministry of Health 2001).
Potential microbiological contaminants in roof collected water include E coli O157,
Cryptosporidium, Campylobacter, Giardia and Salmonella. Salmonella and campylobacter
bacteria are increasingly


detected in roof water supplies in the Auckland region. Likely sources of microbiological
hazards in roof collected water include:



soil and leaf litter accumulated in gutters particularly if kept damp for long periods of time
due to poor drainage and/or maintenance.



faecal material from animals including cats, birds and rats.



dead animals and insects in the guttering or the tank itself” (Owen and Nickolic, 2002)

Household rainwater tanks have been identified for many years as a significant hazard for
householders. Abbott et al. (2006) found that:
“At least 50% of the roof-collected rainwater samples [560 samples] from private dwellings in
New Zealand exceed the minimal acceptable standards for contamination and 30% of the
samples showed evidence of heavy faecal contamination. The likely sources of the faecal
contamination were faecal material deposited by birds, frogs, rodents and possums, and dead
animals and insects, either on the roofs or in the gutters, or in the water tank itself.”
A number of agencies provide information on the best way to mitigate the risk from collected rainwater
(e.g.: Gaw, 2004 [Auckland Regional Public Health Service] Ministry of Health 2011; Abbot, 2007
[Massey University]). Unprotected drinking water is already at risk from contamination by a wide range
of insects and other organisms and the addition of dung beetles does not make the likelihood any
greater. The measures suggested to mitigate the current risks would be the same for dung beetles,
that is, as outlined by Owen and Nickolic (2002) above.
The Agency’s view that the biodiversity impacts of the introduction of the beetles has been adequately
examined is difficult to sustain when permission has been granted to introduce species of dung beetle
reputably capable of utilising the faeces of large herbivores in New Zealand sub-alpine native
grassland and scrubland ecosystems. While it is recognised that exotic herbivores will be doing
damage on their own accord in these ecosystems, this does not justify introducing exotic dung beetles
with the potential to further destabilise the native flora and fauna in these ecosystems by gradually
and cumulatively altering nutrient cycles in the areas frequented by wildlife.
If sufficient large ungulates are present in these habitats to support high numbers of beetles then the
habitat is already severely compromised by browsing and by nutrient runoff from dung. The addition
of dung beetles is likely to at least reduce nutrient runoff in these compromised habitats. However, the
best option would be the removal of the ungulates, as ungulates numbers are reduced, the quantity of
available dung will also be reduced, and the beetles will consequently reduce in numbers.
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As noted above, the introduced dung beetles may become an excellent quality, consistently available,
food source for generalist predators like hedgehogs, rodents, mustelids, opossums, pigs and birds
such as magpies, plovers, starlings and crows. If this nutritional boost is sufficient to result in an
expansion in the numbers of these predators, there is a significant risk of attendant repercussions on
native wildlife in the natural ecosystems bordering pastoral land.
There is no evidence to indicate that the introduction of dung beetles in any jurisdiction has resulted in
an increase in pest vertebrates.
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PART 2
Vector and reservoir competence - Invertebrates may act as both reservoirs and vectors of
pathogens capable of transmission to humans and animals, and potentially also as a pool of future
emerging pathogens (Waterfield, 2004). Most vector-borne pathogens are transmitted among several
host (reservoir) species, but different species vary considerably in their importance to pathogen
transmission. Overall disease incidence – and the risk of infection to humans in the case of zoonotic
diseases – is a function of the reservoir host community’s composition (Brunner 2008). Reservoir
competence is the product of 1) the probability the individual reservoir host is infected i.e. prevalence,
and 2) the probability that if the reservoir host is infected, it will transmit the infection i.e. infectivity
(Brunner 2008). Similarly, vector competence refers to the ability of arthropods to acquire, maintain
and transmit microbial agents.
Waterfield et al. (2004) is a highly speculative article on the role of invertebrates, in general, as an
environment in which bacterial strains might develop novel virulence factors that could be spread to
existing human commensual or pathogenic bacteria. They say “We believe that invertebrate
pathogens act not only as reservoirs and vectors for horizontally transferred virulence factors, but
could also provide a potential pool of future emerging pathogens”. Their thesis is that all insects that
are in some close relationship with humans are a potential source of new diseases. Given the large
number of insect species already present in New Zealand it is difficult to see that dung beetles will
significantly alter the present risk.
Brunner et al. (2008) examine the ‘realised reservoir competence’ of ticks, blood feeding parasites,
feeding on ten species of vertebrates and their ability to transmit Borrelia burgdorferi (Lyme disease
agent), between these vertebrate species. While not disputing Brunner et al.’s findings the direct
relevance to dung feeding beetles that have not been implicated in the transmission of disease, other
than under unusual circumstances, is difficult to accept. Ticks move directly between host mammals,
intimately feeding on their blood where as dung beetles move between dung pats and may
occasionally be eaten by non-insectivorous mammals.
The prevalence of gastrointestinal pathogens in dung beetles is likely to be very high all year and in
all regions because of their feeding habits. The infectivity of dung beetles is likely to be higher to
species that deliberately ingest the beetles (poultry, pigs, human infants, some species of wildlife)
than to species that accidentally ingest the beetles or parts thereof (pastoral livestock, human adults).
The probability of transmission may also be enhanced by the relatively large size of the beetles
(increasing the number of organisms or ‘dose’ carried per beetle), their periodic abundance in farming
regions, their attractiveness to curious children and to predators, and the strong flight, attraction to
light, high vagility and wide distribution of some species.
While not disputing that dung beetle can become contaminated with gastrointestinal pathogens from
feeding in dung there is little or no evidence to show that dung beetles are a source of infectivity to
‘poultry, pigs, human infants, some species of wildlife’ anymore than invertebrates already present in
New Zealand that feed in or around dung. The claimed enhanced probability of transmission is
dubious. The dung beetle species in question are not particularly large in comparison with the existing
insect fauna, they are not likely to be spectacularly abundant at any given time although there may be
some localised peaks in numbers, their attractiveness to children and predators unsupported, their
strong flight, attraction to light is unsupported by the evidence and is discussed elsewhere in this
review, and evidence for high vagility and wide distribution is again not supported by the evidence.
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Vector and reservoir competence has been more carefully studied in darkling beetles than dung
beetles. Darkling beetles inhabit the faecal-contaminated litter of poultry sheds and, as described
below, are known to be effective vectors and reservoirs for many infectious agents of poultry. They
have the ability to internalize enteropathogenic bacteria within their haemolymph and they can be
highly infective with the ingestion of one beetle being sufficient to infect a bird. It would seem unwise
to assume that dung beetles have any less vector and reservoir competence than darkling beetles.
For instance, one recent study of dung beetles showed the beetles to be capable of carrying well in
excess of the minimum infective dose of Cryptosporidia for people (Conn 2008).

Darkling beetles role in disease is discussed below. Conn et al. (2008, see Xiao 2009) did show that
dung beetles in their study sites carries a mean of 93 oocysts per beetle. Lowery et al. (2000) note
that in feeding trials with a calf the minimum infective dose was ≤30 and a median dose of 132
oocysts. They also note that in gnotobiotic animals the minimum infective dose could be as low as
one oocyst. Given such low infective doses any invertebrate feeding in material containing oocysts
could be capable of carrying an infective dose. Conn et al. did not claim that dung beetles were a
source of transmission but simply a means of mechanical dissemination.
Humans - transmission of infectious agents from beetles to humans is most often thought to occur via
accidental ingestion of beetles (or parts thereof) or their excreta in food or water (Jordan 1974, Wilson
2001, Sterling 2006). Transmission via water may pose a greater risk in New Zealand than other
developed countries because of the comparatively high reliance of New Zealanders on water from
roof collection – especially in rural areas. Nocturnal and crepuscular dung beetles in Australia and
Northland have been reported to be attracted to the lights of homesteads (see ERMA consultation
document). These dung beetles have the potential to contaminate roofs and collect in guttering and
water tanks during the night. Given the propensity of dung beetles to undergo so-called 'mass
occurrences' when very large numbers take to the wing in mid-summer (Hughes 1975, Flene, 2011)
this may create short time points of higher exposure of households to enteric pathogens through tank
water.
There are 36,000 species of beetle (USGS, 2011) of which Jordan (1974) records 10 genera carrying
cestodes and nematodes “which may be transmitted by some intermediate invertebrate host that
accidentally falls or crawls into food”. The only beetle discussed is a dung beetle feeding on dog dung
then transmitting Spirocerca lupi to humans. No approval has been given for dung beetles that utilise
dog dung which is very different from herbivore dung.
Wilson et al. (2001) reports on a Gongylonema (nematode) infection in humans in noting that there
have been about 40-50 cases reported worldwide including Europe, North Africa, China, New
Zealand, Sri Lanka, and the US. The source of infections is considered to be insect contaminated
food. Eleven cases have been reported for the US in a population of 312 million people and an
extensive beetle, including dung beetle, fauna. It would seem unlikely the introduction of dung beetles
to New Zealand is going to have any effect on such contamination of food stuffs.
Sterling (2006) reviewed food-borne nematode infection in humans and the only one involving insects
is Gongylonema infection. He notes that there have been 50+ infections reported in the world
literature up until 1999. It is very unlikely the introduction of dung beetles into New Zealand will
change the rate of infection by this parasite.
Dung beetles contaminating drinking water has been addressed above.
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The deliberate ingestion of beetles by inquisitive children is also reported reasonably regularly. Not
surprisingly, most reports of this nature arise when the ingestion of a beetle causes the child to rapidly
develop symptoms which in turn increases the likelihood of a temporal association being recognized
between the clinical signs and the ingestion of the beetle (e.g. acute vomiting due to cantharidin
poisoning from the ingestion of blister beetles) (Wertelecki, 1967, Mallari 1996, Tagwireyi 2000, AlBinali 2010). Because beetles can carry infectious agents on their exterior surfaces as well as in their
intestinal tracts (Mathison 1999, Graczyk 2005), handling of beetles is another likely source of
infection. This may pose a public health risk to children who collect dung beetles as has been
previously reported in New Zealand with children collecting skinks (de Hamel 1971). It is reasonable
to assume that the large size of dung beetles will result in a comparatively large dose of infectious
agents should the beetles be ingested or handled.
New Zealand is reported to have 41 species of cantharid beetles (Klimaszewski and Watt 1997). I
have not been able to find any records of poisoning or other adverse effects to children through the
eating of insects in New Zealand.
De Hamel and McInnes (1971) found that native skinks and geckos had Salmonella Saintpaul
infections in their intestinal tract and that skinks from Otago had higher infection rates than from other
areas. This correlated with the higher infection rate in humans from this same area. and McInnes said
“[T]his paper does not pretend to show conclusive evidence that the lizards themselves are always
responsible for all human cases of S. saintpaul infections. The evidence, however, is strong that
human infection rates are highest where skink carrier rates are highest”. They also say “[U]ndoubtedly
the actual handling of lizards is not necessary for infection to be obtained. It is apparently sufficient for
close contact with earth or rocks in an area abounding with lizards to cause infection. Since it has
been established that lizard excreta may contain very large numbers of the organisms it is possible
that S. saintpaul might be picked up on hands or clothing and thereby cause infection by the oral
route”. This suggest that it is the presence of the infected animal in the local environment and the
failure of people to wash their hands before putting them in or near their mouths that is the major
source of infection. The logical conclusion should be to discourage people sitting on grass where
herbivores have been or even on lawns where dogs and cats have been because of the possibility of
picking up an infection.
Dung beetles may also contribute to a higher risk of enteropathogenic infections in humans by
increasing the prevalence of infection in livestock and wildlife reservoirs (see the ‘One Health’ concept
below) and by increasing soil bacterial load (Yokohama 1991). The various microbial components of
dung tend to survive better when protected from light, dehydration and temperature fluctuations
(Meays 2005, Stinton 2007, Moriarty 2011). Therefore, the likely result of moving dung rapidly into
soil is an increase in the soil load of enteric organisms including pathogens such as enteropathogenic
E. Coli, Campylobacter and Salmonella (Yokoyama 1991, Lewis 2011). The soil load of
enteropathogens is important because high loads make it more difficult to clear pathogens from herds
and make water contamination through near-surface runoff and drains more likely (Lewis 2011).
These matters are dealt with above. However, to reiterate the studies cited do not take into account of
dung beetle processing of the dung pats, the interaction of dung beetles and other soil fauna with the
processed dung, nor do they provide a mechanism for re-infection of livestock from the soil ‘reservoir’.
This scenario also overlooks the studies of the effectiveness of soil filters to clean up pathogens in
waste water (see above).
Livestock and companion animals – transmission of infectious agents from beetles to these
species is thought to occur principally by deliberate (e.g. swine, poultry, dog, cat) or accidental
ingestion of beetles during grazing (e.g. ruminants). Ingestion of pasture and water contaminated by
decomposing beetles or beetle excreta may also play a role. As discussed above, the increase in soil
load of bacteria by rapid burial of dung may also enhance risk to livestock (see above).
This has been dealt with above.
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Cryptosporidia spp. are zoonotic protozoa that are frequently shed in the faeces of livestock and
wildlife in New Zealand and elsewhere. When dung beetles ingest cryptosporidia in faeces the
chewing action of their mouthparts destroys a significant proportion of the oocysts but beetles still
carry large numbers of oocysts on their external surfaces and in their intestinal tract and faeces
(Mathison 1999, Fayera 2000, Conn 2008). All of the beetles examined in one study (Conn 2008)
carried potential oocysts of C. parvum (mean 93.3 oocysts per beetle) in numbers well in excess of
the minimum infective dose for people (10-30 oocysts). The epidemiological importance of dung
beetles may be of some significance because of the high vagility and large distribution of some
species (Mathison 1999). Many beetles readily search for new sources of dung and migration
between deer preserves and cattle pastures has been recorded (Mathison 1999). Mathison (1999)
concludes that dung beetles may both aid in the control of pathogens like Cryptosporidia by
destroying them during feeding or burying them with faeces, or assist in their dissemination by
carrying them both externally and internally and should be considered an important aspect of the
ecology of gastrointestinal diseases, including cryptosporidiosis.
Mathison and Ditrich (1999) were able to recover oocysts from dung beetles fed contaminated dung
under experimental conditions. They concluded:
Overall, evidence shows that coprophagous insects may both aid in the control of pathogens,
by destroying them during feeding or burying them with feces, or assist in the dissemination of
pathogens by carrying them both externally and internally and should be considered an
important aspect of the ecology of gastrointestinal diseases, including C. parvum.
Although they showed the possibility of dung beetles being mechanical transportes of oocysts they
did not suggest any disease pathways. They also comment on the introduction of exotic dung beetles
and do not comment on any change in disease frequency or intensity as a result of these
introductions. Instead they note the studies on the reduction of pest organisms associated with dung.
Fayera et al. (2000) is a review that simply notes Mathison and Ditrich (1999).
Conn et al. (2008) (note that is a very short conference abstract of 84 words) homogenised 16 beetles
collected from facilities and pastures housing livestock. The homogenates were tested using
fluorescence in situ hybridization (FISH) 145 and immunofluorescent antibody (IFA) techniques. This
is a detection method for oocysts and does not provide any pathways for disease transmission.
Mathison and Ditrich (1999) do not contribute to our understanding of vagility of dung beetles but refer
to Hanski and Camberfort (1991, p. 294) who said:
The maximum rates of dispersal can be examined in species that have been introduced into
areas where they did not occur before. Table 16.2 gives estimates for two medium-sized
tunnelers, Digitonthophagus gazelle and Onthophagus taurus. The observed dispersal rates
are surprisingly similar and very high, from 50 to 130 km per year. These values may not be
representative for most dung beetles as Onthophagii seem to be exceptionally good dispersers
(Section 16.3). It is also possible that the estimates in Table 16.2 are inflated by human
transport of beetles on cattle trucks, for instance.
The figure of 129 km per year for the spread of Onthophagus taurus in the southern US (Fincher et al.
1983) is derived from an attempted to survey the spread of this beetle from its deliberate release in
Texas and the accidental establishment of it in Florida. Given that the Florida population was an
accidental establishment it is likely that more accidental and deliberate establishments also took place
over the area that was being surveyed and this would have confounded the results. This is why
Hanski and Camberfort (1991) noted that the estimates were probably inflated by human interference.
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Further in regard to vagility the statement is made that “Many beetles readily search for new sources
of dung and migration between deer preserves and cattle pastures has been recorded (Mathison
1999)”. Mathison and Ditrich (1999) say:
Many beetles readily search for new sources of dung, and 1 of the species studied here,
A. stercorosus, has been observed (data not shown) migrating between deer preserves and
cattle pastures.
Mathison and Ditrich (1999) give no indication of distance as to whether it is metres or kilometres.
Very little can be concluded from this anecdotal statement.
Hookworm infection of humans results from both canine and human hookworm species both of which
have been recorded in New Zealand. The frequency of hookworm infection in people in poor rural
communities overseas has been suggested to depend on the presence of faeces-burying dung
beetles (Beaver 1975, Hominick 1987). Hookworms have thin-shelled eggs and free-living larvae that
are very sensitive to desiccation; direct sunlight is ovicidal and larvicidal. Dung beetles may play an
important role in hookworm survival by protecting eggs and larvae in faecal matter from lethal
temperatures on the soil surface (Hominick 1987). Moreover, burial of a faecal mass by dung beetles
may provide not only protection for the developing larvae, but also a favoured pathway back to the
soil surface (Hominick, 1987).
Beaver (1975) said:
The high frequency of heavy hookworm infection in southeastern United States and probably
elsewhere may depend largely on the presence of feces-burying dung beetles. Human infection
with soil-transmitted helminths of dogs and cats has become a serious public health problem
attributable to the persistence of rural mores in the urban setting.
Unfortunately only the abstract was available for study. However it includes the statement that
hookworm has “become a serious public health problem attributable to the persistence of rural mores”
indicates that it is the interaction of contaminated cats and dogs with their owners that was the major
source of infection. Reading around the topic the Centers for Disease Control and Prevention (no
date) says:
The growing popularity of dogs and cats in the United States, together with high rates of
ascarid and hookworm infections, has resulted in widespread contamination of the soil with
infective eggs and larvae. Epidemiologic studies have implicated the presence of dogs,
particularly puppies, in a household, and pica (dirt eating) as the principal risk factors for human
disease. Children’s play habits and their attraction to pets put them at higher risk for infection
than adults.
It is not so much the burying of dung as the close living together of people and pets and the poor
hygiene practices of the owners creating a situation of high propagule numbers for repeated infection
to occur. Centers for Disease Control and Prevention recommend:
Most cases of human ascarid and hookworm infections can be prevented by practicing good
personal hygiene, eliminating intestinal parasites from pets through regular deworming, and
making potentially contaminated environments, such as unprotected sand boxes, off limits to
children. It is also important to clean up pet feces on a regular basis to remove potentially
infective eggs before they become disseminated in the environment via rain, insects, or the
active migration of the larvae.
Also there is only a small number of dung beetles that utilise carnivore dung. In a study in Spain
Martín-Piera and Lobo (1996) included three carnivore species’ dung in an experiment to see which
beetle species used which mammals dung. The dung of two carnivore, lynx and fox, attracted only
one beetle species, Typhaeus momus, while third species, badger, did not attracted any beetles. In
comparison horse dung attracted 21 species of dung beetle. As the case was made in the dung
beetle application the dung beetle species selected for New Zealand were those that use herbivore
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dung and not carnivore dung. It is highly unlikely that these beetles will bury dog and cat dung and as
a result not create the public health problem indicated by Beaver.
In a completely different scenario Hominick (1987) considered hookworm infection in West Bengal
were there was a lack of latrines and the most people defecated directly on the ground. This human
waste was used by dung beetles and perpetuated a disease cycle. Such a situation does not exist in
New Zealand and the introduction of dung beetles will not create it.
Escherichia coli 0157:H7 and other pathogenic E. coli are food- and water-borne zoonotic
pathogens derived from animal reservoirs (Garcia 2010). They cause diarrhoea, haemorrhagic colitis
and kidney damage in humans. Fatalities have been recorded and outbreaks of E. coli 0157:H7 pose
major risks to trade. Like other zoonotic infections, pathogenic E. coli (EHEC) are illustrative of the
‘One Health’ concept as they embody the complex ecology of agricultural animals, wildlife, and the
environment in zoonotic transmission of EHEC (Garcia 2010). There is an incomplete understanding
of the ecology of EHEC infection in animals and the persistence of EHEC bacteria in the environment
(Garcia 2010). Significant aspects of the microbiology, epidemiology, and host-pathogen interactions
of EHEC in animals remain undefined. The complexity of these epidemiological interactions is
partially captured in the figure below (from Garcia 2010). Dung beetles have the potential to further
complicate the epidemiological web shown below by acting as an arthropod reservoir, transmitting
infection between livestock and wildlife species, increasing soil load of EHEC (through protection of
EHEC from sunlight - Meays 2005), and transmitting EHEC to humans through direct contact and via
contaminated food and water. Notably, a Chinese study isolated E. coli 157:H7 from the intestine of a
small number of dung beetles and found these to be an identical strain to those in ten strains isolated
from humans with diarrhoea in the same geographic region (Xu 2003).
According to Garcia et al (2010) nearly all vertebrates are capable of harbouring and shedding EHEC
in there faeces. There are effectively two points of infection: one, directly from animal or human
faeces and two, from contaminated raw products going into human food. In both cases these can be
remedied with normal hygiene practices.
Xu et al. (2003) isolated strains of EHEC from the gut of 4 of 113 dung beetles sampled. It is not
surprising to find EHEC in this environment given the beetles are feeding in contaminated dung. It is
also unlikely that dung beetles will exacerbate the current situation where an already high level of
poor hygiene results in most infections. Currently there is no evidence to suggest that dung beetles
are a reservoir for EHEC or that there is a viable pathway to cause any increase in infections in
humans or any other vertebrates.
Gongylonema pulchrum (‘the gullet worm’) is a parasite that infects the mouths of humans
(Gutierrez, 1999, Wilson 2001, Mowlavi 2009). It has been reported in New Zealand (Andrews 1976).
According to Sterling (2006), this parasite normally occurs in ruminants and swine, with man being an
accidental host. Adult worms live in the oesophageal epithelium of their normal hosts. Eggs passed in
the faeces are consumed by cockroaches and dung beetles in which larvae mature to the infective
third stage. Copris lunaris (one of the beetles proposed for introduction to New Zealand) has been
shown to carry Gongylonema spp. (Mowlavi 2009). Infection of the definitive host occurs after
ingestion of the insect host. Most human infections follow accidental ingestion of cockroaches or dung
beetles in food (Wilson 2001, Mowlavi 2009) and some may follow the drinking of water in which
larvae had been released from disintegrating insect intermediate hosts (Sterling 2006). In most cases,
patients do not recall knowingly ingesting insects (Wilson 2001).
This has been dealt with above.
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Moniliformis moniliformis is an intestinal parasite found in most parts of the world including
Australia, Polynesia and South East Asia. Common definitive hosts include rats, mice, hamsters,
dogs, and cats. The definitive host is infected by eating a beetle or cockroach (Prokopic 1981, Ikeh
1992). These intermediate hosts in turn are infected by eating parasite eggs shed in the faeces of the
definitive host. Humans can be incidental hosts with the worm living in the small intestine and
producing symptoms such as abdominal pain, vomiting and fatigue (Ikeh 1992, Berenji 2007). Human
infections with this parasite have been reported in Australia, Asia, Europe, America, Africa, and the
Middle East (Ikeh 1992, Berenji 2007). Toddlers are at risk of infection with this parasite because of
their propensity to ingest insects (Bettiol 2000, Berenji 2007, Messina 2011).
Prokopic (1981) was not available for study. Ikeh et al. (1992) reported a of Moniliformis moniliformis
in a man in Nigeria. They concluded that he had become infected from eating foodstuffs infested with
beetles or cockroaches or from eating rats. Berenji et al. (2007) describes the infection of a two-yearold girl with a history of eating dirt and cockroaches. As children with a propensity to eat dirt and
cockroaches in New Zealand can already do so it seems unlikely that dung beetles are likely to cause
an increase in infection. Similary, an infection in a 14 month-old child in Australia was traced back to a
house the family had been living in being infested with rats (Bettiol and Goldsmid 2000). Messina et
al. (2011) reports similar infections from the US were in small children who were exposed to a number
of vertebrate species as well as frequently putting objects and insects in their mouths. Interestingly all
these cases are reported from regions that have native or introduced dung beetles and these were
not invoked as the source of infection.
Macracanthorhynchus hirudinaceus, the giant thorny-headed worm, is a parasite of pigs and
canids that can infect people. The definitive hosts are thought to be infected by the ingestion of dung
beetles (Prokopic 1981, Wang 1987, Solaymani-Mohammadi 2003). Human infections have been
reported in Iran, Papua New Guinea and Asia (Mowlavi 2006). The parasite is pathogenic to pigs and
human infection is thought to occur through contact with the faeces of infected pigs.
Prokopic (1981) was not available for study. Wang et al (1987) was only available as an English
abstract of a Chinese paper and the abstract does not provide any information as to whether or not
the beetles examined were proven to be vectors of parasites. Both Solaymani-Mohammadi et al.
(2003) and Mowlavi et al. (2006) do not provides any new information on beetles as vectors and
simply suggests it as a possibility.
Hymenolepis diminuta is a common tapeworm of mice and rats (including Kiore) with a widespread
distribution including New Zealand (Roberts 1991, Tattersall 1994) that can infect humans. Eggs are
passed in rodent faeces and ingested by coprophagus beetles. Ingestion of beetles by rats completes
the life cycle. Infection of humans usually occurs in children. It is often asymptomatic but abdominal
pain, diarrhoea, irritability and pruritus have been reported (Tena 1998, Easterbrook 2007).
Both Roberts (1991) and Tattersall (1994) report the presence of Hymenolepis diminuta in rodents in
New Zealand. Tena et al. (1998) note from another publication that “Coprophilic arthropods act as
obligatory intermediate hosts”. They do not specifically mention dung beetles and New Zealand
already has many species of coprohilic arthropods without having a significant problem with
Hymenolepis diminuta. Easterbrook et al. (2007) say “Humans and other animals become infected
when they eat material contaminated by infected insects or faeces” again without any specific mention
of dung beetles.
Spirocerca lupi occasionally infects humans but is not known to occur in New Zealand. The
postulated transmission pathway is either by humans eating infected coprophagus beetles in food or
by humans eating infected poultry viscera from birds that have ingested infected beetles (Jordan,
1974).
Jordan (1974) postulated that dung feeding beetles as a pathway of infection but did not provide any
evidence that it did happen.
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Canthariasis/Scarabiasis is a condition of humans in which beetle larvae or adults temporarily infest
the digestive tract and the beetles are identified in the "fly away" from the anus at the time of
defecation (Theodorides 1950, Palmer 1970, Rajapaske 1981, Karthikeyan 2008). This condition is
rare and reported most often in children living in tropical or subtropical countries (Karthikeyan 2008).
Infection is thought to be from ingestion of dung beetles (or litter beetles) or, more likely, from dung
beetles gaining access to the anus of infants playing or sleeping in areas near land contaminated by
the faeces of livestock or humans (Rajapaske 1981, Karthikeyan 2008). Rarely the nose and eyes
can be infested by the beetle larva causing severe irritation (Karthikeyan 2008).
Theodorides (1950) and Palmer (1970) were not available for review, and Rajapaske (1981) is cited in
Karthikeyan et al. (2008). Karthikeyan et al. (2008) report the case of a child with canthariasis in India.
The following description is given:
“The family lived in a small house with cemented flooring and the child slept on bed and at
times on the floor. She was an active child and often played without her underclothes in the
portico of her house which was facing the road. Occasionally during the daytime she slept on
the elevated cement slab in the portico. In the neighborhood, cows and cow dung was a
common sight as the neighbors residing opposite her house raised cattle for domestic
purposes.”
The conditions described are not common in New Zealand. A study by Majumder and Datta (2010)
described similar living conditions of 18 children with canthariasis in India:
“All children belonged to middle socio-economic class families and were between 2 to 5 years
age. Nine (50%) children lived in Kuccha houses and ten (55.56%) children slept on floor in
night hours. Most (88.89%) of the children were without their underclothes during playing and
daytime. Fourteen (77.78%) children lived nearby cows and cow dung in their neighbourhood.”
The conditions described cannot be considered common in New Zealand.
Miscellaneous other pathogens - coprophagus beetles may serve as hosts for a variety of
pathogens that can infect people including Salmonella and Campylobacter (see section on poultry
below) and parasites like Taenia, Ascaris, Fasciola, Necator, Eimeria, Entamoeba and Toxoplasma
(Lonc 1980, Saitoh 1990, Mathison 1999).
Lonc (1980), Saitoh and Itagaki (1990) and Mathison and Ditrich (1999) show that pathogens can be
retrieved from beetles fed on contaminated dung, however they do not show that definitively that they
are capable of vectoring the pathogens. In all these papers this is speculated but not proven.
Streptophargus spp. are parasites of primates. They have an indirect life cycle in which dung beetles
act as the intermediate host (Munene 1998). Other parasite genera, namely, Physaloptera,
Abbreviata and Protospiruva which have been found to infect dung beetles experimentally, have also
been documented to infect non-human primates. Dung beetles should not be allowed access to
primate colonies (Munene 1998).
This is a misrepresentation of the author’s words. Munene (1998) said, with reference to the absence
of Streptopharagus infection in a research colony: “Dung beetles should not be available to primates
in well-kept colonies. This might explain its absence in CB primates at IPR.”
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Bovine tuberculosis – as discussed in detail in previous communications with the EPA, dung beetles
may pose a risk to tuberculosis eradication by increasing intra-specific and inter-specific transmission
of Mycobacterium bovis in wildlife reservoirs and by driving more wildlife-to-livestock contact. A
recent analysis by the Animal Health Board (AHB) has identified a number of critical components in a
putative dung beetle epidemiological pathway that need to be evaluated prior to their introduction to
New Zealand including the probability of cattle or deer faeces being contaminated with M. bovis and
the probability of possums becoming infected from eating infected dung beetles. In addition to these
questions identified by the AHB, other issues of interest include: the probability of dung beetles being
exposed to Tb-infected faeces of possums, pigs, ferrets etc. shed on pasture and marginal land; the
length of time M. bovis will remain viable in a brood ball; the risk of Tb ‘spill back’ hosts like
hedgehogs and pigs becoming infected through consuming infected dung beetles; and the possibility
of dung beetles becoming vectors for pig-to-pig transmission of M. bovis (a transmission pathway
which currently, without the new species of dung beetles, is fortunately rare).
This matter has been dealt with in part 1.
Johne’s disease – Mycobacterium avium subsp. paratuberculosis (MAP) has been shown to remain
viable in the gut of beetles (Fischer 2004), has the potential to exploit the intracellular existence in
insects for its survival (Mura 2006) and may even acquire enhanced virulence (Rowe 2006). As
previously raised with the EPA, dung beetles may enhance the risk of Johne’s disease by enhancing
MAP density in soil, pasture, runoff and groundwater, or by transmitting MAP amongst livestock and
wildlife reservoirs. Environmental reservoirs of MAP are considered important in the epidemiology of
the disease (Whittington 2005, Pavlik 2010, Pradhan 2011). Wildlife reservoirs of infection would be
considered to have major implications for the control of MAP in New Zealand (de Lisle, 2003).
This matter has been dealt with in part 1.
Cryptosporidia spp. are a common cause of diarrhoea in calves in New Zealand. As discussed
above, dung beetles are likely to assist in the dissemination of Cryptosporidia within a region.

E.coli – as discussed above E. coli are food- and waterborne zoonotic pathogens. They may produce
little or no discernible disease in their animal reservoirs but can also produce serious enteritis.
This matter has been dealt with above.
Gongylonema pulchrum as mentioned above this parasite has been reported in New Zealand
(Andrews 1976). It is a zoonotic parasite that lives in the oesophageal epithelium of ruminants. Dung
beetles are considered to play an important role in its life cycle (Mowlavi 2009).
Mowlavi et al. (2009) found that of 15 species of dung beetle only Copris lunaris was infected with a
Gongolenema sp. Of 231 beetles collected five (2.2%) and the infected beetles were only in one
locality. The authors only considered “C. lunaris as a potential biological vector for transmission of
Gongylonema sp. to vertebrates in the surveyed region”
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Rhabditis sp. - dung beetles are considered to be important in the life cycle of Rhabditis sp.
helminths in cattle pastures in Iran (Mowlavi 2009). This parasite was found in 9 species of beetles.
Free-living parasites are also found in soil. The parasite has been implicated in dermatitis and otitis
externa.
Mowlavi et al. (2009) has been misrepresented. These authors’ said
“The other kind of nematode detected in this study was Rhabditis sp. This nematode exists
abundantly in different kinds of soil worldwide. Despite several reports of human infections with
free-living nematodes, they are not well considered as the real threatening agents of human
and animal health. In the present study, 41 out of 231 (17.7%) collected dung beetles were
found carrying these free-living nematodes internally, as well as on external body surfaces.”
It is uncertain where the link between the Rhabditis sp. in this study and the diseases, dermatitis and
otitis externa, came from.
Miscellaneous other pathogens – ruminants are affected by many other pathogens which undergo
faecal-oral transmission including Salmonella spp., rotavirus, bovine virus diarrhoea, and Eimeria spp.
The impact of dung beetles on the transmission of these diseases in ruminants is unknown.
As noted in part 1 there are many dung inhabiting insects already in New Zealand all of which could
effectively carry these organism and the addition of dung beetles is unlikely to have any impact.
Spiroceca lupi is a parasite of canids that produces lesions in the aorta, oesophagus (sarcomas),
spine (spondylosis), stomach and miscellaneous other tissues. Dung beetles are considered the
intermediate host (Miller 1961, Brodey 1977, Gottlieb 2011). It is found mostly but not exclusively in
tropical or subtropical parts of the world. A decrease in frequency of spirocercosis in dogs from
Alabama has been suggested to be due to a decrease in number of dung beetles (Pence 1978).
The papers quoted here do show that some species of dung beetles can be intermediate hosts for
Spiroceca lupi. If we assume as a basic model a disease triangle there are at least three, if not four,
diseases in these publications. Brodey et al. (1977) studied disease in uncontrolled urban dogs in
Kenya noting the incidence of diease. They noted that “In areas of high S. lupi prevalence, cattle,
chickens, dung beetles and dogs were in close association” but did not attribute the disease incidence
to dung beetles. Gottlieb et al. (2011) looked at the increase in disease incident in urban dogs in
Israel and found that dogs became infected with S. lupi when walked in shady irrigated parks where
nematodes were able to survive the normally dry conditions. It would appear that there is no dog
faeces management or hygiene in these parks and dogs are able to freely interact with accumulated
dog faeces. Where pet dogs are routinely ‘wormed’ there are no health problems. Pence and Stone
(1978) looked at disease in wild canids (coyotes) in the United States and in particular Alabama. They
concluded that “one species of these wild carnivores, the coyote, seems to be the principal host and
disseminator of S. lupi from this area. Considering the common and widespread occurrence of S. lupi
in wild carnivores, especially the coyote, in Texas, it seems unusual that the infection is so
infrequently observed in dogs from the state.” If dung beetles are important in the vectoring of the
disease it is not apparent from this study.
Moniliformis moniliformis – as mentioned above, this intestinal parasite can infect dogs and cats
when they eat an infected beetle or cockroach.
Macracanthorhynchus hirudinaceus – as discussed above this parasite can infect dogs after the
ingestion of infected dung beetles.
These matter has been dealt with above.
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Hookworms are an important cause of morbidty in dogs housed on soil in New Zealand. As noted
above, dung beetles may play an important role in hookworm survival by protecting eggs and larvae
in faecal matter from lethal temperatures on the soil surface.
No supporting evidence for this pathway was provided.
Toxoplasmosis and Isospora - dung beetles feeding on cat feces infected with Toxoplasma gondii
were found to carry infective oocysts both in their faeces and on their bodies (Saitoh 1990). Mice that
then consumed these beetles were capable of infecting kittens (Saitoh 1990). Isopora felis and
Isopora rivolta have been found on dung beetles collected from urban dog faeces. These dung
beetles were also able to transmit these coccidia to three of four kittens via dung beetle-mouse
consumption, suggesting a potential incidental or intermediate host role for some beetle species in
feline coccidian infections (Saitoh 1990).
Saitoh and Itagaki (1990) was reviewed in part 1.
Miscellaneous other pathogens – dogs and cats are affected by many other pathogens which
undergo faecal-oral transmission including Salmonella spp., E. coli, and giardia. The impact of dung
beetles on the transmission of these diseases in companion animals is unknown.
It can only be reiterated here that humans, cats and dogs occur all over the world in association with
dung beetles and there is no publications which indicate that there is a problem.
Swine nematodes - dung beetles are intermediate hosts for several widely distributed swine
nematodes (Fincher 1969, Roepstorff 1994). Dung beetles are commonly infected with the third-stage
larvae of Physocephalus sexalatus, a spirurid stomach worm of swine (Fincher 1969). Other swine
parasitic nematodes recovered from dung beetles include Ascarops strongylina, Gongylonema spp.
and Physaloptera spp. These parasites are economically important to swine producers because of the
necessity of repeated anthelmintic treatments, the lack of efficient gains, and increased mortality.
Macracanthorhynchus hirudinaceus – as discussed above this parasite can infect the small
intestine of pigs after the ingestion of infected dung beetles (Roepstorff 1994).
As has been discussed previously with other publications Fincher et al. (1969) show that beetles
feeding in contaminated dung will harbour pest nematodes however these publications do not provide
any pathway for the disease cycle and the authors make statements such as:
“It is doubtful that Dichotomius carolinus beetles are effective intermediate hosts for nematode
parasites of swine although 23.7% of the beetles were infected with P. sexalatus.”
Roepstorff and Nansen (1994) note that Ascarops strongylina and Physocephalus sexalatus and
Macracanthorhynchus hirudinaceus are uncommon disease, in northern Europe, despite the
presence of dung beetles and are only mentioned for completeness in this publication.
Miscellaneous other pathogens – pigs are affected by many other pathogens which undergo faecaloral transmission including Salmonella spp., Treponema hyodysenteriae, rotavirus, transmissible
gastroenteritis virus, and Eimeria spp. The impact of dung beetles on the transmission of these
diseases in pigs is unknown.
It can only be reiterated here that pigs exist all over the world in association with dung beetles and
there is no publications which indicate that there is a problem.
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Some dung beetles (such as several Onthophagus spp.) will consume poultry faeces (Kabir 1990)
and they have been implicated in the transmission of parasites in free range birds in third world
countries. However, as mentioned above, most research on the reservoir competence of beetles in
poultry has been performed on darkling beetles (Coleoptera: Tenebrionidae) which, unlike dung
beetles, can live inside poultry houses. This research illustrates how important beetles can be in the
transmission of disease in poultry and raises questions about the potential impact of dung beetles on
free-range poultry operations.
It has never been disputed that some dung beetle species have evolved to use poultry dung as Kabir
et al.(1990) study from Bangladesh shows. There role if any in poultry disease is not obvious.
Campylobacter spp. – Darkling beetles can carry Campylobacter spp. in poultry houses (Strother
2005). C. jejuni was detected on the exterior of larval beetles for 12 hours from exposure, from the
interior of larvae for 72 hours, and from the faeces of larvae for 12 hours after exposure (Strother
2005). Ninety percent of the birds that consumed a single adult or larval beetle became
Campylobacter-positive (Strother 2005). It is recommended that beetles are eliminated to help
maintain Campylobacter-free poultry facilities (Strother 2005). In a recent study in New Zealand, a set
of genetically distinct Campylobacter isolates was found to be common to broiler flocks and to
darkling beetles. This research suggests that the beetle may serve as a source of Campylobacter
contamination of poultry (Bates 2004). Darkling beetles can transmit Campylobacter to flocks in
successive rearing cycles (Hazeleger 2008).
While these studies are interesting darkling beetles are not dung beetles and the case cited is specific
to high density, indoor production facilities. It can only be reiterated here that chickens are kept all
over the world in association with dung beetles and there is no publications which indicate that there
is a problem. A specific search for dung beetles in chicken deep litter systems did not find any
information.
Salmonella spp.- Darkling beetles infesting broiler chicken rearing facilities can act as potential
reservoirs for Salmonella spp. between consecutive broiler flocks (Skov 2004). The beetles are
capable of internal carriage of Salmonella. They rapidly acquire the bacteria from external sources
and harbor the bacteria within their alimentary canal and haemolymph (Crippen 2009). Ingestion by
chicks of as few as 4 or 5 beetles or larvae infected with Salmonella typhimurium or Salmonella
enteritidis is sufficient to produce Salmonella positive birds (Roche 2009, Leffer 2010). The beetles
can transmit Salmonella to flocks in successive rearing cycles (Hazeleger 2008).
The above discussion for Campylobacter is relevant here.
Spirocerca lupi - chickens are transport hosts for Spirocerca lupi. Infective third stage larvae encyst
in the crop after ingestion of infected dung beetles (Brodey 1977). Dogs and people can then be
infected by ingesting the chicken viscera or by direct ingestion of dung beetles.
This matter is discussed above. Given the nature of New Zealand society it is highly unlikely that
people will eat dung beetles or raw chicken viscera. New Zealand has the highest rate of food
poisoning from Camylobacter in the world resulting from the poor handling of chicken in both
commercial and domestic kitchens. There are many New Zealand publications and websites that
explain this and profide information as to how to avoid food poisoning. The introduction of dung
beetles is unlikely to have any effect on the levels of food poisoning in New Zealand. (See Paterson
2012).

Page 28 of 39

Miscellaneous – Dung beetles have been reported to be intermediate hosts of avian tapeworms
(Miller 1961). Darkling beetles have been associated with the transmission of a wide variety of poultry
pathogens in addition to Campylobacter and Salmonella including Escherichia spp, viruses such as the

agents of fowl pox, infectious bursal disease, Marek’s disease and Newcastle disease, fungi of the
genera Aspergillus, Penicillium and Candida, and protozoans such as Eimeria (Goodwin 1996, Bates
2004, Retamales 2011). Unsurprisingly, Goodwin (1996) concludes that “the threat of severe adverse
economic impact from beetle-vectored disease should not be overlooked or casually dismissed”.
These matters are addressed above. Goodwin and Waltman’s (1996) comment was specifically about
darkling beetles and not about dung beetles or beetles in general.
Insect-related disease risk already occurs in New Zealand in particular through a number of fly
species of public health significance (so-called ‘filth flies’). The change to this risk following the
introduction of 11 new species of dung beetles will depend on such matters as the epidemiological
effectiveness of beetles as vectors, hosts and reservoirs (see above), the abundance of the new
beetles, and the influence of the beetles on the survival of pathogens, the abundance of faeces and
the number of ‘filth’ flies.
As discussed by the Applicants (ERMA 200599), dung beetles may aid in the control of some
pathogens by destroying a proportion of fragile parasites and labile infectious agents during feeding or
by burial in soil. Whether or not this reduction in some types of pathogens will make a material
difference to disease prevalence has not yet been established and will depend on many factors
including the exposure thresholds of the various pathogens.
Given the rapid disappearance of dung in New Zealand pastures, it is as yet unclear how effective
dung beetles will be in reducing the amount of dung available to coprophagus flies in New Zealand. It
is also unclear what impact the introduced dung beetles will have on the number of syanthropic ‘filth
flies’ in New Zealand given that most common fly pests in New Zealand (e.g. the house fly and
blowflies) are not dependent on faeces. However, at least one fly species Muscina stabulans (the
false stable fly) is found in dung in New Zealand and is included on lists of ‘filth flies’ of public health
importance (Dymock 1993, Graczyk 2005).
These matters were full discussed in the E&R and in part 1 of this document. No new information has
been presented here.
In summary, the infectious agents carried by coprophagus beetles appear to pose significant risks to
public health (especially children), pastoral livestock, free-range pigs and poultry, and companion
animals. Dung beetles have the potential to play an important role in the ecology and epidemiology of
human and animal gastrointestinal diseases and to produce adverse economic impacts for some
livestock industries.
The review of the publications present here does not support the above summary.

Page 29 of 39

References
* These papers were not seen.
Abbott S 2007. Taking care with roof-collected drinking water. Build (February/March): 42-43.
Abbott SE, Douwes J, Caughley BP 2006. A survey of the microbiological quality of roof-collected
rainwater of private dwellings in New Zealand. New Zealand Journal of Environmental Health 29(3):
6-16.
Alam MJ, Zurek L 2004. Association of Escherchia coli 0157:H7 with houseflies. Applied and
Environmental Microbiology 70:7578-7580.
Al-Binali AM, Shabana M, Al-Fifi S, Dawood S, ShehriAA, Al-Barki A 2010. Cantharidin poisoning due
to blister beetle ingestion in children. Sultan Qaboos University Medical Journal 10: 103-106.
Andrews JRH 1976. The parasites of man in New Zealand: A review. New Zealand Journal of
Zoology 3: 59-67.
Bang HS, Lee JH, Kwon OS, Na YE, Jang YS, Kim WH 2005. Effects of paracoprid dung beetles
(Coleoptera: Scarabaeidae) on the growth of pasture herbage and on the underlying soil. Applied Soil
Ecology 29:165-171.
Bates C, Hiett KL, Stern NJ 2004. Relationship of Campylobacter Isolated from poultry and from
darkling beetles in NewZealand. Avian Diseass 48: 138-147.
Beard PM, Daniels MJ, Henderson D, Pirie A, Rudge K, Buxton D, Rhind S, Greig A, Hutchings MR,
McKendrick I, Stevenson K, Sharp JM 2001. Paratuberculosis infection of nonruminant wildlife in
Scotland. Journal of Clinical Microbiology 39: 1517-1521.
Beaver PC 1975. Biology of soil-transmitted helminths: the massive infection. Health Laboratory
Science 12(2):116-25.
Beerwerth W, Eysing B, Kessel U 1979. Mykobakterien in Arthropoden verschiedener Biotope
[Mycobacteria in arthropodes of different biotopes]. Zentralblatt für Bakteriologie, Parasitenkunde,
Infektionskrankheiten und Hygiene: 1Abt.; Originale.; Rehe A.; Medizinische Mikrobiologie und
Parasitologie 244: 50-7.
Berenji E, Fata A, Hosseininejad Z 2007. A case of Moniliformis moniliformis (Acanthocephala)
infection in Iran. Korean Journal of Parasitology 45: 145-148.
Besier RB, Love SCJ 2003. Anthelmintic resistance to sheep nematodes in Australia: the need for
new approaches. Australian Journal of Experimental Agriculture 43: 1383-1391.
Bettiol S, Goldsmid JM 2000. A case of probable imported Moniliformis moniliformis infection in
Tasmania. Journal of Travel Medicine 7:336–337
Bornemissza GF 1976. The Australian dung beetle project 1965-1975. Australian Meat Research
Committee Review 30: 1-30.
Brodey RS, Thomson RG, Sayer PD, Eugster B 1976. Spiroceca lupi infection in dogs in Kenya.
Veterinary Parasitology 3: 49-59.
Brown J, Scholtz CH, Janeau JL, Grellier S, Podwojewski P 2010. Dung beetles (Coleoptera:
Scarabaeidae) can improve soil hydrological properties. Applied Soil Ecology 46: 9-16.
Brunner JL, LoGuiudice K, Ostfield RS 2008. Estimating reservoir competence of Borrelia burgdorferi
hosts: prevalence and infectivity, sensitivity, and specificity. Journal of Medical Entomology 45: 139147.

Page 30 of 39

Calver MC, Woller RD 1982. A technique for assessing the taxa, length, dry weight and energy
content of the arthropod prey of birds. Australian Wildlife Research 9: 293-301.
Centers for Disease Control and Prevention [no date]. Guidelines for veterinarians: prevention of
zoonotic transmission of asarids and hookworms of dogs and cats.
http://www.cdc.gov/parasites/zoonotichookworm/resources/prevention.pdf Retrieved 22 March 2012.
*Coleman JD, Cooke MM 2001. Mycobacterium bovis infection in wildlife in New Zealand.
Tuberculosis 81: 191-202.
Conn D B, Neslund S, Niemeyer R, Tamang L, Graczyk TK 2008. Dung beetles (Insecta: Coleoptera)
as disseminators of viable Cryptosporidium parvum in a multispecies agricultural complex, abstr.
PL15. Abstracts. 10th International Workshops on Opportunistic Protists, Boston, MA.
Corn JL, Manning EJB, Sreevatsan S, Fishcer JR 2005. Isolation of Mycobacterium avium subsp.
paratuberculosis from free-ranging birds and mammals on livestock premises. Applied and
Environmental Microbiology 71: 6963-6967.
Cowan PE, Moeed A 1987. Invetebrates in the diet of brushtail possums, Trichosurus vulpecula, in
lowland podocarp/broadleaf forest, Orongorongo Valley, Wellington, New Zealand. New Zealand
Journal of Zoology 14: 163-177.
Crippen TL, Sheffield CL, Esquivel SV, Droleskey RE, Esquivel JF 2009. The acquisition and
internalization of salmonella by the lesser mealworm, Alphitobius diaperinus (Coleoptera:
Tenebrionidae). Vector-Borne and Zoonotic Diseases 9: 65-71.
De Hamel FA, McInnes HM 1971. Lizards as vectors of human salmonellosis. Journal of Hygiene,
Cambridge 69: 247-253.
*De Lisle G, Yates GF, Cavaignac SM et al. 2003. Mycobacterium avium subsp paratuberculosis in
feral ferrets - a potential reservoir of Johne’s disease. Proceedings of the 7th international colloquium
on paratuberculosis. Pp. 361-362.
De Lisle GW, Kawakami RP, Yates GF, Collins DM 2008. Isolation of Mycobacterium bovis and other
mycobacterial species from ferrets and stoats. Veterinary Microbiology 132: 402-407.
Duffield BJ, Young DA 1985. Survival of Mycobacterium bovis in defined environmental conditions.
Veterinary Microbiology 10: 193-197.
Du Toit CA, Scholtz CH, Hyman WB 2008. Prevalence of the dog nematode Spirocerca lupi in
populations of its intermediate dung beetle host in the Tshwane (Pretoria) Metropole, South Africa.
Onderstepoort Journal of Veterinary Research 75: 315-321.
Dymock JJ 1993. A case for the introduction of additional dung burying beetles (Coleoptera:
Scarabaeidae) into New Zealand. New Zealand Journal of Agricultural Research 36: 163-171.
Easterbrook JD, Kaplan JB, Vanasco NB, Reeves WK, Purcell RH, Kosoy MY, GlassGE, Watson J,
Klein SL 2007. A survey of zoonotic pathogens carried by Norway rats in Baltimore, Maryland, USA.
Epidemiology and Infection 135: 1192-1199.
Eastman BR, Kane PN, Edwards CA, Trytek L, Gunadi B, Stermer AL, Mobley JR 2001. The
effectiveness of vermiculture in human pathogen reduction for USEPA biosolids stabilization.
Compost Science and Utilization 9: 38-49.
Eckard RJ, Chen D, White RE, Chapman DF 2003. Gaseous nitrogen loss form temperate perennial
grass and clover dairy pastures in south-eastern Australia. Australian Journal of Agricultural Research
54: 561-570.

Page 31 of 39

Edwards CA, Subler, S 2010. Human pathogen reduction during vermicomposting. In Edwards CA,
Arancon NQ, Sherman R Vermiculture technology. CRC Press. Pp 249-261.
Edwards P 2010. Biological control of pastoral dung in New Zealand: a report on the climatic
suitability of exotic dung beetle species for introduction into New Zealand. Unpublished report.
ERMA 2011a. Application to release a new organism without controls. Cattle, and other herbivore,
dung management through the release of 11 species of dung beetle. Application code ERMA200599.
Wellington, Environmental Risk Management Authority. http://www.ermanz.govt.nz/searchdatabases/Pages/applications-details.aspx?appID=ERMA200599 Retrieved 24 August 2011.
Fayera R, Morganb U, Upton SJ 2000. Epidemiology of Cryptosporidium: transmission, detection and
identification International Journal of Parasitology 30: 1305-1322.
Fiene JG, Connior MB Androw R, Baldwin B, McKay T 2011. Survey of Arkansas dung beetles
(Coleoptera: Scarabaeidae and Geotrupidae): phenologies, mass occurrences, state and
distributional records. American Midland Naturalist 165: 319-337.
Fincher GT, Stewart TB, Davis R 1970. Attraction of coprophagous beetle to feces of various animals.
Journal of Parasitology Archives 56: 378-383.
Fischer OA, Matlova L, Dvorska L, Svastova P, Peral DL, Weston RT, Bartos M, Pavlik I 2004.
Beetles as possible vectors of infections caused by Mycobacterium avium species. Veterinary
Microbiology 102: 247-255.
Flood BR, Sandstrom M, Changnon, D 2006. Weather and insect dispersal. Proceedings of the 2006
Wisconsin fertilizer, aglime and pest management conference 45: 244-248.
Forgie SA 2009. Reproductive activity of Orthophagus granulatus Boheman (Coleoptera:
Scarabaeinae) in New Zealand: implications for its effectiveness in the control of pastoral dung. New
Zealand Entomologist 32: 76-84.
Galante E, Mena J, Lumbreras C 1995. Dung beetles (Coleoptera: Scarabaeidae, Geotrupidae)
attracted to fresh cattle dung in wooded and open pasture. Environmental Entomology 24:1063-1068.
Gallagher E 2005. Studies in quantitative risk assessment: badger-to-cattle transmission of
Mycobacterium bovis. Unpublished PhD thesis, Royal Veterinary College, University of London,
United Kingdom.
García A, Fox JG, Besser TE 2010. Zoonotic enterohemorrhagic Escherichia coli: A one health
perspective. ILAR Journal 51: 221-232, 2010.
Gaw S 2004. Roof water in urban areas. Planning Quarterly (June): 4-5.
Gill CO, Saucier L, Meadus WJ 2011. Mycobacterium avium subsp. paratuberculosis in dairy
products, meat and drinking water. Journal of Food Protection 74: 480-499.
Goodwin MA, Waltman WD 1996. Transmission of Eimeria, viruses, and bacteria to chicks: darking
beetles (Alphitobius diaperinus) as vectors of pathogens. Journal of Applied Poultry Research 5: 5155.
Gottlieb Y, Markovics A, Klement E, Naor S, Samish M, Aroch I, Lavy E 2011. Characterization of
Onthophagus sellatus as the major intermediate host of the dog esophageal worm Spirocerca lupi in
Israel. Veterinary Parasitology 180: 378-382.
Graczyk TK, Knight R, Tamang L. 2005. Mechanical transmission of human protozoan parasites by
insects. Clinical Microbiology 18: 128-132.

Page 32 of 39

Green W 2004. The use of 1080 for pest control: a discussion document. Wellington, Animal Health
Board and Department of Conservation.
Green WQ, Coleman JD 1986. Movement of possums (Trichosurus vulpecula) between forest and
pasture in Westland, New Zealand: implications for bovine tuberculosis transmission. New Zealand
Journal of Ecology 9: 57-69.
*Gutierrez 1999.
Hamer AJ, Makings JA, Lane SJ, Mahony MJ 2004. Amphibian decline and fertilizer use on
agricultural land in south-eastern Australia. Agriculture, Ecosystems and Environment 102: 299-355.
Hancox M 1997. Bovine Tb in badgers: a reappraisal of aetiology and pathogenesis. Letters in
Applied Microbiology 24: 226-227.
Hancox M 1998. Cattle in crisis? Human implications. Letters in Applied Microbiology 26: 463-464.
Hanski I, Camberfort Y 1991. Dung beetle ecology. Princeton, Princeton University Press.
Hazeleger WC, Bolder NM, Beumer RR, Jacobs-Reitsma WF. 2008. Beetles and larvae of Alphitobius
diaperinus (darkling beetle) as potential vectors for the transfer of Campylobacter jejuni and
Salmonella Java between successive broiler flocks. Applied Environmental Microbiology 74: 68876891.
Holzapfel EP, Harrell JC 1968. Transoceanic dispersal studies of insects. Pacific Insects 10: 115-153.
Hominick WM, Dean CG, Schad GA 1987. Population biology of hookworms in West Bengal: analysis
of numbers of infective larvae recovered from damp pads applied to the soil surface at defaecation
sites. Transactions of the Royal Society of Tropical Medicine and Hygiene 81: 978-986.
Hughes RD 1975. Introduced dung beetles and Australian pasture ecosystems. Papers presented at
a symposium during the meeting of the Australia and New Zealand Association for the Advancement
of Science at Canberra in January 1975. Journal of Applied Ecology 12: 819-837.
Ikeh EI, Anosike JC, Okon E 1992. Acanthocephalan infection in man in northern Nigeria. Journal of
Helminthology 66: 241-242.
Jay-Robert P, Niogret J, Errouissi F, Labarussias M, Paoletti É, Luis MV, Lumaret JP 2008. Relative
efficiency of extensive grazing vs. wild ungulates management for dung beetle conservation in a
heterogeneous landscape from Southern Europe (Scarabaeinae, Aphodiinae, Geotrupinae).
Biological Conservation 141: 2879-2887.
Jones C, Moss K, Sanders M 2005. Diet of hedgehogs (Erinaceus europaeus) in the upper Waitaki
Basin, New Zealand: implications for conservation. New Zealand Journal of Ecology 29: 29-35.
Jordan HE 1974. Consideration of potential parasite food hazards. PAHO Bulletin 8: 143-149.
Judge J, Davidson RS, Marion G, White PCL, Hutchings MR 2007. Persistence of Mycobacterium
avium subspecies paratuberculosis in rabbits: the interplay between horizontal and vertical
transmission. Journal of Applied Ecology 44: 302-311.
Judge J, Kyriazakis I, Greig A, Allcroft DJ, Hutchings MR 2005. Clustering of Mycobacterium avium
subsp. paratuberculosis in rabbits and in the environment: how hot is a hot spot. Applied and
Environmental Microbiology 71: 6033-6038.
Kabir SMH, Kabir A, Majumder MZR 1990. Relative abundance and species composition of some
dung beetles (Coleoptera: Scarabaeinae) in Bangladesh. Medical and Veterinary Entomology 4: 439443.

Page 33 of 39

Kadam AM, Oza GH, Nemade PD, Shankar HS 2008. Pathogen removal from municipal wastewater
in constructed filters. Ecological Engineering 33: 37-44.
Karthikeyan G, Ganesh R, Sathiasekeran M 2008. Scarabiasis. Indian Pediatrics 45: 697-699.
*Kazda J, Pavlik I, Falkinham JO, Hruska K 2009. The ecology of mycobacteria: impact on animal’s
and human’s health. Dordrecht, Heidelberg, London and New York, Springer.
*Kebreab E, France J, Beever DE, Castillo AR 2001 Nitrogen pollution by dairy cattle and its
mitigation by dietary manipulation. Nutrient Cycling in Agroecosytems 60:275-285, 2001.
King CM, Moody JE 1982. The biology of the stoat (Mustela erminea) in the national parks of New
Zealand II. Food habits. New Zealand Journal of Zoology 9: 57-80.
*King KL, Hutchinson KJ 2007. Pasture and grazing land: assessment of sustainability using
invertebrate indicators. Australian Journal of Experimental Agriculture 47: 392-403.
Klimaszewski J, Watt JC 1997. Coleoptera: family-group review and keys to identification. Fauna of
New Zealand 37. Lincoln, Manaaki Whenua Press.
Kopecna M, Trcka L, Lamka J, Moravkova M, Koubek P, Heroldova M, Mrlik V, Kralova A, Pavlik I
2008. The wildlife hosts of Mycobacterium avium subsp. paratuberculosis in the Czech Republic
during the years 2002-2007. Veterinarni Medicina 53: 420-426.
Kudo N, Kuratomi K, Hatada N, Ikadai H, Oyamada T 2005. Further observations on the development
of Gongylonema pulchrum in rabbits. Journal of Parasitology 91: 750-755.
Kuschel G 1990. Beetles in a suburban environment: a New Zealand case study. New Zealand
Department of Scientific and Industrial Research. DSIR Plant Protection Report No. 3.
Lavania M, Katoch K, Katoch VM, Gupta AK, Chauhan DS, Sharma R, Gandhi R, Chauhan V, Bansal
G, Sachan P, Sachan S, Yadav VS, Jadhav R 2008. Detection of viable Mycobacterium leprae in soil
samples: insights into possible sources of transmission of leprosy. Infection, Genetics and Evolution
8: 627-631.
Leffer AM, Kuttel J, Martins LM, Pedroso AC, Astolfi-Ferreira CS, Ferreira F, Piantino Ferreira AJ
2010. Vectorial competence of larvae and adults of Alphitobius diaperinus in the transmission of
Salmonella enteritidis in poultry. Vector-Borne and Zoonotic Diseases 10: 481-487.
Little TWA, Swan C, Thompson HV, Wilesmith JW 1982. Bovine tuberculosis in domestic and wild
mammals in an area of Dorset: the badger population, its ecology and tuberculosis status. Journal of
Hygiene, Cambridge 89: 211-224.
Lonc E 1980. The possible role of the soil fauna in the epizootiology of cysticercosis in cattle. II. Dung
beetles - a biotic factor in the transmission of Taenia saginata eggs. Angewandte Parasitologie 21:
139-44.
Losey JE, Vaughan M 2006. The economic value of ecological services provided by insects.
BioScience 56: 311-325.
Lowery CJ, Moore JE, Millar BC, Burke DP, McCorry KAJ, Crothers E, Dooley, JSG 2000. Dection
and speciation of Cryptosporidium spp. in environmental water samples by immunomagnetic
separation, PCR and endonuclease restriction. Journal of Medical Microbiology 40: 779-785.
Machackova M, Matlova L, Lamka J, Smolik J, Melicharek I, Hanzlikova M, Docekal J, Cvetnic Z,
Nagy G, Lipiec M, Ocepek M, Pavlik I 2003. Wild board (Sus scrofa) as a possible vector of
mycobacterial infections: review of literature and critical analysis of data from Central Europe between
1983 to 2001. Veterinarni Medicina 48: 51-65.

Page 34 of 39

Macintosh CG, Clark RG, Thompson B, Tolentino B, Griffin JFT, de Lisle GW 2010. Age susceptibility
of red deer (Cervus elaphus) to paratuberculosis. Veterinary Microbiology 143: 255-261.
Macqueen A 1975. Dung as an insect food source: dung beetles as competitors of other
coprophagous fauna and as targets for predators. Journal of Applied Ecology 12: 821-827.
Majumder N, Datta SS 2012. Scarabiasis in children: study from rural north-east India. Indian Journal
of Medical Specialities http://www.ijms.in/articles/3/1/scarabiasis-in-children.html Retrieved 22 March
2012
Mallari RQ, Musallem MS, Elbualy S, Sapru A 1996. Ingestion of a blister beetle (Mecoidae Family).
Pediatrics 98: 458.
Marsh IB, Bannantine JP, Paustian ML, Tizard ML, Kapur V, Whittington RJ 2006. Genomic
comparison of Mycobacterium avium subsp. paratuberculosis sheep and cattle strains by microarray
hybridization. Journal of Bacteriology 188: 2290-2293.
Martín-Piera F, Lobo JM 1996. A comparative discussion of trophic preference in dung beetle
communities. Miscellània Zoològica 19: 13-31.
Mathison B, Ditrich O 1999. The fate of Cryptosporidium parvum oocysts ingested by dung beetles
and their role in the dissemination of cryptosporidiosis. Journal of Parasitology 85: 678-681.
Matlova L, Dvorska L, Bartl J, Bartos M, Ayele WY, Alexa M, Pavlik I 2003. Mycobacteria isolated
from the environment of pig farms in the Czech Republic during the years 1996 to 2002. Veterinarni
Medicina 48: 343-357.
Matlova L, Fischer O, Kazda J, Kaustová J, Horváthová A, Pavlík I 1998. The occurrence of
mycobacteria in invertebrates and poikilothermic animals and their role in the infection of other
animals and man. Veterinarni Medicina 43: 115-132.
Meays CL, Broersma K, Nordin R, Mazumder A 2005. Survival of Escherichia coli in beef cattle fecal
pats under different levels of solar exposure. Rangeland Ecology and Management 58: 279-283.
Messina AF, Wehle FJ, Intravichit S, Washington K 2011. Moniliformis moniliformis infection in two
florida toddlers. Pediatric Infectious Disease Journal 30: 726-727.
Miller A 1961. The mouth parts and digestive tract of adult dung beetles (Coleoptera: Scarabaeidae),
with reference to the ingestion of helminth eggs. Journal of Parasitology 47: 735-744.
Miller D. 1971. Common insects in New Zealand. Wellington, AH and AW Reed.
Ministry of Health 2011. Water collection tanks and safe household water. Ministry of Health,
Wellington.
Miranda CHB, dos Santos JC, Bianchin I 2000. The role of Digitonthophagus gazelle in pasture
cleaning and production as a result of burial of cattle dung. Pasturas Tropicales 22: 14-18.
Montes de Ocas E, Halffter G 1998. Invasion of Mexico by two dung beetles previously introduced
into the United States. Studies on Neotropical Fauna and Environment 33: 37-45.
Moriarty EM, Mackenzie ML, Karki N, Sinton LW 2011. Survival of Escherichia coli, enterococci, and
Campylobacter spp. in sheep feces on pastures. Applied and Environmental Microbiology 77: 17971803.
Motiwala AS, Li L, Kapur V, Sreevatsan S 2006. Current understanding of the genetic diversity of
Mycobacterium avium subsp. paratuberculosis. Microbes and Infection 8: 1406-1418.

Page 35 of 39

Mowlavi GR, Massoud J, Mobedi I, Solaymani-Mohammadi S, Gharagozlou MJ, Nas-Coma S 2006.
Very highly prevalent Macracanthorhynchus hirudinaceus infection of wild boar Sus scrofa in
Khuzestan province, South-western Iran. Helminthologia 43: 86-91.
Mowlavi GR, Mikaeili E, Mobedi I, Kia E, Masoomi L, Vatandoost H 2009. A survey of dung beetles
infected with larval nematodes with particular note on Copris lunaris beetles as a vector for
Gongylonema sp. in Iran. Korean Journal of Parasitology 47: 13-17.
Munene E, Otsyula M, Mbaabu DAN, Mutahi WT, Muriuki SMK, Muchemi GM 1998. Helminth and
protozoan gastrointestinal tract parasites in captive and wild-trapped African non-human primates.
Veterinary Parasitology 78: 195-201.
Mura M, Bull TJ, Evans H, Sidi-Boumedine K, McMinn L, Rhodes G, Pickup R, Hermon-Taylor J
2006. Replication and long-term persistence of bovine and human strains of Mycobacterium avium
subsp. paratuberculosis within Acanthamoeba polyphaga. Applied and Environmental Microbiology
72: 854-859.
Nichols E, Spector S, Louzada J, Larsen T, Amezquita S, Favila ME, Scarabaeinae Research
Network 2008. Ecological functions and ecosystem services provided by Scarabaeina dung beetles.
Biological Conservation 141: 1461-1474.
Norton S, Heuer C, Jackson R 2009. A questionnaire-based cross-sectional study of Johne’s disease
on dairy farms in New Zealand. New Zealand Veterinary Journal 57: 34-43.
O’Brien R, Mackintosh CG, Bakker D, Kopecna M, Pavlik I, Griffin JFT 2006. Immunological and
molecular characterization of susceptibility in relationship to bacterial strain differences in
Mycobacterium avium subsp paratuberculosis infection in the red deer (Cervus elaphus). Infection
and Immunity 74: 3530-3537.
O’Donnell CFJ 1995. Possums as conservation pests. Proceedings of a workshop on possums as
conservation pests organised by the Possum and Bovine Tunerculosis Control National Science
Strategy Committee. Christchurch 29-30 November, 1994. Department of Conservation, Wellington.
Owen M, Nickolic S 2002. Safe non-potable use of roof collected water in urban areas. Medical
Officer of Health, Environmental Health advice, Environmental Health Quarterly Report 6(1): 1-2.
(Auckland District Health Board)
*Palmer ED. Entomology of the gastrointestinal tract: a brief review. Military Medicine 135:165-76,
1970.
Parkinson B, Horne D 2007. Insects of New Zealand. Auckland, New Holland Press.
Parkes JP 1975. Some aspects of the biology of the hedgehog (Erinaceus europaeus L.) in the
Manawatu, New Zealand. New Zealand Journal of Zoology 2: 463-472.
Paterson BM 1993. Behavioural patterns of possums and cattle which may facilitate the transmission
of tuberculosis. Unpublished Masters of Veterinary Science thesis, Massey University, New Zealand.
Paterson K 2012. Campylobacter. Kiwi Families http://www.kiwifamilies.co.nz/articles/campylobacter/
Retrieved 22 March 2012.
Pavlik I, Horvathova A, Bartosova L, Babak V, Moravkova M 2010. IS900 RFLP types of
Mycobacterium avium subsp. paratuberculosis in faeces and environmental samples on four dairy
cattle farms. Veterinarni Medicina 55: 1-9.
Pence DB, Stone JE. Visceral lesions in wild carnivores naturally infected with Spirocerca lupi.
Veterinary Parasitology 15: 322-331.

Page 36 of 39

Pickup RW, Rhodes G, Arnott S, Sidi-Boumedine K, Bull TJ, Weightman A, Hurley M, Hermon-Taylor
J 2005. Mycobacterium avium subsp. paratuberculosis in the catchment area and water of the River
Taff in South Wales, United Kingdom, and its potential relationship to clustering of Crohn’s disease
cases in the city of Cardiff. Applied and Environmental Microbiology 71: 2130-2139.
Pradhan AK, Mitchell RM, Kramer AJ, Zurakowski MJ, Fyock TL, Whitlock RH, Smith JM, Hovingh E,
Van Kessel JAS, Karns JS, Schukken YH 2011. Molecular epidemiology of Mycobacterium avium
subsp. paratuberculosis in a longitudinal study of three dairy herds. Journal of Clinical Microbiology
49: 893-901.
Pribylova R, Slana I, Kaevska M, Lamka J, Babak V, Jandak J, Pavlik I 2011. Soil and plant
contamination with Mycobacterium avium subsp. paratuberculosis after exposure to naturally
contaminated mouflon feces. Current Microbiology 62: 1405-1410.
*Prokopic J, Bily S . Coleoptera as intermediate hosts of helminths. Ceskoslovenska Akademie Ved,
Praha, 96 p., 1981. Cited by Mathison (1999).
*Rajapakse S. Beetle marasmus. British Medical Journal 283: 1316-1317, 1981.
Redford KH, Dorea JG 1984. The nutritional value of invertebrates with emphasis on ants and
termites as food. Journal of Zoology, London 203: 385-395.
Retamales J, Vivallo F, Robeson J. 2011. Insects associated with chicken manure in a breeder
poultry farm of Central Chile. Archivos de Medicina Veterinaria 43: 79-83.
Roberts M 1991. The parasites of the Polynesian rat: biogeography and origins of the New Zealand
parasite fauna. International Journal for Parasitology 21: 785-793.
Roche AJ, Cox NA, Richardson LJ, Buhr RJ, Cason JA, Fairchild BD, Hinkle NC 2009. Transmission
of Salmonella by contaminated lesser mealworms, Alphitobius diaperinus (Coleoptera:
Tenebrionidae). Poultry Science 88: 44-48.
Roepstorff A, Nansen P 1994. Epidemiology and control of helminth infections in pigs under intensive
and non-intensive production systems. Veterinary Parasitology 54: 69-85.
Rosenlew H, Roslin T 2008. Habitat fragmentation and the functional efficiency of temperate dung
beetles. Oikos 117:1659-1666.
Roslin T 2000. Dung beetle movements at two spatial scales. Oikos 91: 323-335.
Rowe MT, Grant IR 2006. Mycobacterium avium ssp. paratuberculosis and its potential survival
tactics. Letters in Applied Microbiology 42: 305-311.
Ryan TJ, Livingston PG, Ramsey DSL, de Lisle GW, Nugent G, Collins DM, Buddle BM, 2006.
Advances in understanding disease epidemiology and implications for control and eradication of
tuberculosis in livestock: the experience from New Zealand. Veterinary Microbiology 112: 211-219.
Saitoh Y, Itagaki H 1990. Dung beetles, Onthophagus spp., as potential transport hosts of feline
coccidian. Nippon Juigaku Zasshi 52: 293-297.
Scantlebury M, Hutchings, MR, Allcroft, DJ, Harris S 2004. Risk of disease from wildlife reservoirs:
badgers, cattle, and bovine tuberculosis. Journal of Dairy Science 87: 330-339.
Sinton LW, Braithwaite RR, Hall CH, Mackenzie ML 2007. Survival of indicator and pathogenic
bacteria in bovine feces on pasture. Applied and Environmental Microbiology 73: 7917-7925.
Skov MN, Spencer AG, Hald B, Petersen L, Nauerby B, Carstensen B, Madsen M 2004. The role of
litter beetles as potential reservoir for Salmonella enterica and thermophilic Campylobacter spp.
between broiler flocks. Avian Diseases 48: 9–18.

Page 37 of 39

Smith GP, Ragg JR, Moller H, Waldrup KA 1995. Diet of feral ferrets (Mustela furo) from pastoral
habitats in Otago and Southland, New Zealand. New Zealand Journal of Zoology 22: 363-369.
Solaymani-Mohammadi S, Mobedi I, Rezaian M, Rezaian M, Massoud J, Mohebali M, Hooshyar H,
Ashrafi K, Rokni MB 2003. Helminth parasites of the wild boar, Sus scrofa, in Luristan province,
western Iran and their public health significance. Journal of Helminthology 77: 263-267.
Solter LF, Lustigman B, Shubeck P 1989. Survey of medically important true bacteria found
associated with carrion beetles (Coleoptera: Silphidae). Journal of Medical Entomology 26: 354-359.
Sterling CR 2006. Food-bourne nematode infections. In: Ortega YN ed. Foodbourne parasites. New
York, Springer Science Business Media. Pp 135-160.
Stevenson K, Alvarez J, Bakker D, Biet F, de Juan L, Denham S, Dimareli Z, Dohmann K, Gerlach
GF, Heron I, Kopecna M, May L, Pavlik I, Sharp JM, Thibault VC, Willemsen P, Zadoks RN, Greig A
2009. Occurrence of Mycobacterium avium subspecies paratuberculosis across host species and
European countries with evidence for transmission between wildlife and domestic ruminants. BMC
Microbiology 9: 212 doi:10.1186/1471-2180-9-212. Pp. 1-13.
Stewart TB, Kent KM, 1963. Beetles serving as intermediate hosts of swine nematodes in southern
Georgia. Journal of Parasitology 49: 158–159.
Strother KO, Steelman CD, Gbur EE 2005. Reservoir competence of lesser mealworm (Coleoptera:
Tenebrionidae) for Campylobacter jejuni (Campylobacterales: Campylobacteraceae). Journal of
Medical Entomology 42: 42-47.
Tagwireyi D, Ball DE, Loga PJ Moya S. Cantharidin poisoning due to blister beetle. Toxicon 38:18651869, 2000.
Tattersall FH, Nowell F, Smith RH 1994. A review of the endoparasites of wild house mice Mus
domesticus. Mammal Review 24: 61-71.
Tena D, Simon MP, Gimeno C, Teresa M, Pomata P, Illescas S, Amondarain I, González A,
Domínguez J, Bisquert J 1998. Human infection with Hymenolepsis diminuta: case report from Spain.
Journal of Clinical Microbiology 36: 2375-2376.
*Theodorides J 1950. Coleoptera as accidental parasites in man and domestic animals. Annales de
Parasitologie Humaine et Comparée 25: 69-76.
Thomson C, Challies CN 1988. Diet of feral pigs in the podocarp-tawa forest of the Urewera Ranges.
New Zealand Journal of Ecology 11: 73-78.
USGS 2011. IT IS expands its beetle coverage. Acess 14 (2, Spring). United States Geological
Survey http://www.usgs.gov/core_science_systems/Access/p1040.html Retrieved 22 March 2012.
Wang CX, Den LJ, Wang HP, An CL 1984. On dissemination vectors of Macracanthorhynchus
hirudinaceus in Liaoning Province: Acta Zoologica Sinica 30: 375-382.
Waterfield NR, Wren BW, ffrench-Constant R 2004. Invertebrates as a source of emerging human
pathogens. Nature Reviews Microbiology 2: 833-41.
Weeda WC 1967. The effect of cattle dung patches on pasture growth, botanical composition, and
pasture utilization. New Zealand Journal of Agricultural Research 10: 150-159.
Weinberg ED 1987. The influence of soil on infectious disease. Experentia 43:81-87.
Wertelecki W, Vietti TJ, Kulapongs P. Cantharidin poisoning from ingestion of a blister beetle.
Pediatrics 39:287 -289, 1967.

Page 38 of 39

Whittington RJ, Marsh IB, Reddacliff LA 2005. Survival of Mycobacterium avium subsp.
paratuberculosis in dam water and sediment. Applied and Environmental Microbiology 71: 5304-5308.
Whittington RJ, Marshall DJ, Nicholls PJ, Marsh IB, Reddacliff LA 2004. Survival and dormancy of
Mycobacterium avium subsp. paratuberculosis in the environment. Applied and Environmental
Microbiology 70: 2989-3004.
Wilson ME, Lorente CA, Allen JE, Eberhard ML 2001. Gongylonema infection of the mouth in a
resident of Cambridge, Massachusetts. Clinical Infectious Diseases 32: 1378-1380.
Wood LA, Kaufman, PE 2008. Euoniticellus intermedius (Coleoptera: Scarabaeidae: Scarabaeinae;
tribe Coprini): its presence and relative abundance in cattle pastures in northcentral Florida. Florida
Entomologist 91: 128Xiao L 2009. Overview of Cryptosporiopsis presentations at the 10th international workshops on
opportunistic protists. Eukaryotic Cell 8: 429-436.
*Xu J, Liu Q, Jing H, Pang B, Yang J, Zhao G, Li H 2003. Isolation of Escherichia coli O157:H7 from
dung beetles Catharsius molossus. Microbiology and Immunology 47: 45-49.
*Yamada D, Imura O, Shi K, Shibuya T 2007. Effect of tunneler dung beetles on cattle dung
decomposition, soil nutrients and herbage growth. Grassland Science 53: 121-129.
Yokoyama K, Kai H, Koga T, Aibe T 1991. Nitrogen mineralization and microbial-populations in cow
dung, dung balls and underlying soil affected by paracoprid dung beetles. Soil Biology and
Biochemistry 23: 649-653.

Page 39 of 39

