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SHORT COMMUNICATION

Spring Activity of Dung Beetles (Coleoptera: Scarabaeidae)
Associated with Cattle Dung in Central and Eastern Montana

Jack T. NANCE! AND HAYES B. GOOSEY*!

ABSTRACT: Dung beetles improve soil health by speeding up the process of dung incorporation into the
soil. This is facilitated by adult dung beetles burying large amounts of dung as provisions for their young, which
can improve soil nutrient cycling and structure. Limited information exists on Montana dung beetle species,
so we capitalized on an opportunity to collect a limited but valuable set of specimens during spring 2017. Here,
we present rank abundance data from an observational study at five Montana sites. We collected adults using
cow dung-baited traps at five sites. We report here on catches of Aphodiini, Onthohpagini, Canthonini, and
Phanaeini in Montana, including three newly documented species. Our catches indicate that species of tunneler
and roller dung beetle may vary across habitats and soil types, suggesting that conservationandenhancement of
species may be easiest to achieve when localized land characteristics are incorporated into a management plan.

KEYWORDS:

As of 1 January 2023, the U.S. had approximately 89.3 million head of cattle (Matlock et al.,
2023), where one animal deposits up to 10 dung pats daily that weigh, in total, up to 45.4 kg
(Heinrichs et al., 2023). Cattle dung is about 80% water and high in energy when deposited, (Wall
and Beynon, 2012) and contains all macro nutrients needed for plant growth (Barker and Collins,
2018) with, on a dry weight basis, approximately 2-4% Nitrogen, 0.8% Potassium, 0.1% Sulfur,
2.4% Calcium, 0.7% Phosphorus, and 0.8% Magnesium (Marsh and21 Campling, 1970; Lysyk
et al., 1985). Dung pats also smother vegetation so that range and pastureland production are
reduced proportionally to the time necessary for biological processes to degrade pats (Fincher,
1981). Dung beetles play a necessary role in dung pat degradation by increasing the speed of cow
pat degradation (Floate and Gill, 1998) which in turn speeds up incorporation of plant nutri-
ents contained in dung back into the soil and also releases vegetation below a dung pat soon for
regrowth, both of which can improve plant growth for livestock agriculture. Dung beetles, with
their actions, can expedite dung decomposition, influencing soil properties through processes
such as nitrogen (N) mineralization and ammonia (NH3) volatilization (Penttild et al., 2013; Iwa-
sa et al., 2015). Additionally, beetle brood chamber construction and movement of dung balls into
those chambers, as highlighted by Estes et al. (2013), activate dung microorganisms. The burrow-
ing activity of dung beetles contributes to reducing soil compaction and enhancing soil aeration
(Brown et al., 2010), which, in turn, promotes the proliferation of aerobic bacteria and nitrogen
mineralization (Manning et al., 2016, Nervo et al., 2017).
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Dung beetle adults consume excrement but also bury large amounts in the soil as provision
for their larvae (Floate and Gill, 1998) which improve soil nutrient cycling and structure (Brown
et al., 2010) and can also decrease pest fly [i.e., Horn Fly (Haematobia irritans)] populations by
up to 95% (Bornemissza, 1970). In addition to nutrient cycling, they reduce soil compaction and
increase soil aeration (Manning et al., 2016). Dung burried by beetles improves soil fertility by
facilitating nitrogen absorption and inhibiting ammonia volatilization (Huerta et al., 2013). Dung
beetles are divided in three main functional guilds: Scarabaeinae (Scarabaeidae) as rollers and
tunnellers, Aphodiinae (Scarabaeidae) as dwellers, and Geotrupidae as tunnellers (Cambefort,
1991; Floate, 2023). Rollers and tunnellers move dung below the soil surface into pre-dug brood
chambers, where females deposit fertilized eggs on the dung ball as a resource for larval devel-
opment. Rollers carve off a dung ball and roll it some distance away from the dung pat for burial,
while tunnellers bury dung directly below the pat. Dwellers live and reproduce within the dung
pat.

In 2017, we opportunistically collected dung beetles from cow dung baited traps at five sites
representing three Montana habitats (Table 1). Our locations were opportunistically chosen as
sites and were overlaid onto existing sites that were part of different arthropod research projects.
These baited traps collected dung beetles because of their ecological importance to cattle ranches
and represent a one-year rank abundance data set. We hypothesized that tunneler and roller dung-
beetle species would be least abundant on sites where soils contained the greatest clay content due
to the difficulty that clay poses to dung beetle burrow excavation. We further hypothesized that
no differences would exist in dweller numbers among sites identified to the subfamily Aphodiinae

METHODS

Trapping locations were located in Sagebrush Steppe, Northern Great Plains Missouri Breaks
Woodland-Scrubland, and Shortgrass prairie habitats (EPA 2024) in central and eastern Montana
(Fig. 1).

At each location (Fig. 1), pitfall traps (n=5) were dug into the ground on a linear transect es-
tablished on a random compass bearing. Sampling locations were located on active cattle ranches
comprised of native vegetation habitats. Traps were located in pastures >200 ha that were actively
grazed by cattle during the collection period. These study sites coincided with locations already
being sampled for a different study focusing on relative pollinator abundance and rangeland cattle
grazing.

Each pitfall trap consisted of two 16 oz Solo® brand cups placed one inside the other and bur-
ied in the soil so that the lip of the innermost cup was flush with the soil surface. A metal screen
with 2.54 cm?® square openings was placed over each trap and frozen cow dung (100g) was placed
on top of each screen as an attractant. Water and propylene glycol were poured into each trap as a
killing/preserving agent, as modified from Floate and Kadiri, 2013. Trap contents were collected
weekly, and each was rebaited with fresh dung. Traps were left open for the entire week between
collection periods; however, the attractive period of each dung bait was < 3 d (Bezanson et al.
2020).

We report here rank abundance, similar to Floate and Kadiri (2013), of dweller dung beetles
in the subfamily Aphodiinae and tunneller and roller dung beetles in tribes Onthohpagini, Can-
thonini, and Phanaeini (Floate, 2023) collected from mid-May to mid-June of 2017. Specimens
were made using taxonomic keys of Ratcliffe and Paulsen (2008) and visual comparisons using
Floate (2023) and specimens housed in the Montana State University Insect Museum.
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Figure 1. Montana dung beetle trapping locations where dung beetle relative abundance was estimated over
a four-week period from mid-May to mid-June, 2017 using cow dung baited pitfall traps.

RESULTS

A total of 6,071 dung beetles were captured, with 55.4% identified as dwellers, 36.9% iden-
tified as tunnellers, and 7.7% identified as rollers (Table 1). Dwellers were identified to subfam-
ily, while tunnellers and rollers were identified to species. Colobopterus erraticus was the most
common tunneller at 53.4% of the total tunneler catch. followed by Onthophagus nuchicornis at
28.1% and Onthophagus hecate at 17.9%. The other tunnellers (Onthophagus orpheus pseudor-
pheus, Onthophagus orpheus canadensis and Phaneus vindex) totaled 0.6% of the tunneler catch.
Canthon pilularius was the most common roller at 98.3% of the total roller catch, followed by
Canthon praticola at 1.7% (Table 1).

DISCUSSION

Overwhelmingly, research suggests that activity of dweller, tunneler, and roller dung beetles
plays a crucial role in ecosystem function by enhancing rates of dung pat degradation (Cheng et
al., 2022; Evans 2019a) while simultaneously reducing environmental pollution associated with
livestock dung (Wall and Benyon, 2012) and fostering a more fertile and productive soil environ-
ment with improved nutrient cycling (Evans et al., 2019a; Evans et al., 2019b;

Maldonado et al., 2019). Aspects of soil improvement emphasize the critical ecological func-
tion of tunneller and roller dung beetles, presenting them as key players in sustaining soil health
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and promoting sustainable agricultural practices in North American ecosystems.

Our sampling method placed five pitfall traps five m apart along a liner transect, which is
insufficient to consider each trap as an independent observation, as reported by Larsen and For-
syth (2005), who recommend a minimum of 50 m between traps. Therefore, statistical analyses
on these data are limited; however, the intent of this survey was not to make treatment-based
recommendations on dung beetle management per se, but rather begin compiling a list of species
present in Montana and across landscapes, and so data are presented as rank abundance accom-
panied by percentage estimations.

Recognizing this, we can observe the number of dweller dung beetles captured across sites
was consistent, with the largest capture of 791 individuals at site E and the smallest capture of 667
at site C. Across habitat and soil types and presenting a numeric observation, the most (791 indi-
viduals, site E) dweller dung beetles were captured from the shortgrass prairie site where trapping
occurred on a silt loam (0-30 cm) soil type, followed by captures (696 individuals, site D) from
the ponderosa pine woodland habitat with a loam (0-30cm) soil type (Web Soil Survey, 2024).
The numerically smallest (626 individuals; mean of sites A, B, C) capture was from the sagebrush
steppe habitat with a silt clay (0-5 cm) and clay (5-30 cm) soil type (Web Soil Survey, 2024). The
mean and standard deviation of dweller captures across habitat and soil type was 704 + 83, where
the standard deviation represents 12% of the mean.

Tunneler species, as detailed by Yamada et al. (2007) and Estes et al. (2013), exhibit a distinc-
tive behavior. They excavate tunnels beneath dung deposits, transporting and burying dung for
subsequent feeding and nesting. Notably, tunneler species surpass dweller species in dung remov-
al efficacy, as highlighted by Nervo et al (2017) and Manning et al. (2016), demonstrating that
tunneler species stimulate soil microbial activity by burying dung. In our survey, the most (831
individuals, site E) tunnelers were captured from the shortgrass prairie with a silt loam (0-30 cm)
soil type (Web Soil Survey 2024) followed by captures (773 individuals, site D) at the ponderosa
pine woodland with loam (0-30cm) soil type (Web Soil Survey 2024). The fewest tunnelers were
captured (211 individuals, mean of Sites A, B, C) with a silt clay (0-5 cm) and clay (5-30 cm) soil
type (Web Soil Survey, 2024). The mean and standard deviation of tunneler captures across habi-
tat and soil type was 605 + 342, where the standard deviation represents 57% of the mean. Roller
dung beetles, which move dung away from the pat for burial, are considered less efficient than
tunnelers on pat degradation rate and nutrient cycling (Doube, 1990); however, their contribu-
tions to dung management are still noteworthy. In our study, C. pilularius was the most commonly
captured roller, and this species is considered the most efficient species on a ‘per beetle’ basis (see
Floate, 2023). Across our sampling sites, the most (143 individuals, site D) rollers were captured
in the ponderosa woodland pine habitat with loam (0-30 cm) soil type, followed by captures (106
individuals, mean of sites A, B, C) in sagebrush steppe habitat with a silty clay (0- 5cm) and clay
(5-30cm) soil type (Web Soil Survey, 2024). The fewest (9 individuals, site E) were captured in the
short grass prairie habitat with a silt loam (0-30cm) soil type (Web Soil Survey, 2024).

If sheer dung beetle numbers are representative of the dung recycling capability, and if our
estimates of relative abundance equate to true abundance, then dung recycling should proceed
the fastest in short grass prairie sites with silty loam soils. This should be followed by ponderosa
pine woodland habitats with loam soils and then slowest (of the types of sampled sites) in sage-
brush steppe habitats with clay soils. However, multiple factors contribute to the amount of dung
buried by a beetle species and include the female body size (Horgan 2001), soil characteristics and
moisture content (Sowig, 1995), pair cooperation (Sowig, 1996) and the quality of dung (Dadour
and Cook, 1996). Our sites did not differ notably in annual precipitation; however, they did in
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soil texture with sites D and E occupying loam and silt loam soils while sites A, B, and C occu-
pied clay-dominated soils (Table 1) which may be one factor regulating tunneler and roller beetle
abundance. Notably, the mean number of tunneling species was numerically much lower at the A,
B, and C sites where soils were predominately clay. Salomao et al. (2022) suggests, from an Ama-
zonian study, that soil texture and water-table levels determine dung beetle distributions, which
further suggests that soils with increasing clay content support higher dung beetle abundance, but
dweller and tunneler diversity is a function of increasing silt content. The scope of inference of our
study is limited, yet our results may initially disagree, suggesting that soil nesting species may be
negatively associated with increasing soil clay content.

We acknowledge that we have no record of the parasiticide treatment histories of the cow
herds grazing the proximity of our trapping sites, and that dung beetle abundance and diversity
strongly correlates correlate with residues in cattle dung (see Wall and Benyon, 2012). This may
be the most vital external factor determining the relative abundances and manure processing
capabilities of site-specific beetles captures of this study based on the residues ini manure (Floate
et al., 2005, Lumaret et al., 2012) and the length of time they remain active (Goosey et al., 2022).

Our efforts also identified three previously undocumented species in Montana: Onthophagus
orpheus pseudorpheus (Bezanson and Floate, 2019). Our collection of O. orpheus pseudorpheus is
farther west than previously known, with prior collections documented from Kansas, Missouri,
Arkansas, Ohio, and Manitoba (Canada). Onthophagus orpheus pseudorpheus acts within its ge-
nus as a tunneller, with its primary habitat being dry prairie rangelands (Howden and Cartwright,
1963), corresponding to the sites of our collections. Another new species documented in Mon-
tana is Onthophagus orpheus canadensis (Bezanson and Floate, 2019).

Onthophagus orpheus canadensis is considered a tunneller most associated with woodland
habitats (Howden and Cartwright, 1963), unlike our location. Onthophagus orpheus canadensis
can be distinguished from O. orpheus pseudorpheus by the pronotal shape.

Finally, Phaneus vindex is a new species documented in the scientific literature for Montana
(Bezanson and Floate, 2019); however, reference specimens exist in the Montana State University
(MSU) insect museum. The MSU specimens were collected in Carter County (the most south-
eastern MT county). In contrast, our specimen was collected in Garfield County (central MT),
representing the most northerly and westerly collection site and the first entry in the literature.
The primary distribution of P. vindex lies in the eastern part of the U.S., as far northeast as Massa-
chusetts and as far west as South Dakota. This study indicates the range of P. vindex is farther west
into central Montana than previously reported. The primary habitat of P. vindex is grassy areas
within open fields (Fincher et al., 1972). They are identified by their bright colors and sizeable
protruding horn (male). They act within their genus as tunnellers but bury deeper into the soil
(15-40 cm) than other tunneling dung beetle species.

CONCLUSION

Information on dung beetle species in Montana is minimal and we report here on three po-
tential range expansions of Onthophagus orpheus pseudorpheus, Onthophagus orpheus canadensis,
and Phaneus vindex, two of which (O. orpheus pseudorpheus, O. orpheus canadensis) have not
been previously documented in Montana. Life history information was gathered from neighbor-
ing states and Canadian provinces reporting on the same dung beetle species collected with this
project. It is the authors’ perspective that the limited information on dung beetles in Montana is
due to a lack of awareness of the role that dung beetles play in agroecosystems and also a general
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lack of dung beetle prioritization when compared to other rangeland arthropods, such as hy-
menopteran pollinators.

In neighboring states of North and South Dakota, dung beetles have been documented as
essential to dung degradation in that beetles are strongly correlated with rapid pat degradation
(Pecenka and Lundgren, 2018); however, the ecological benefits (i.e., nutrient cycling, vegetative-
production, livestock pest management) arising from a healthy dung community may be incon-
sistent across the landscape because pat degradation rates vary as a function of how soon after
deposition arthropods colonize dung pats (Schmid, 2024). This spotlights the need for continued
dung beetle research in Montana to elucidate their role in rapid pat degradation and how live-
stock management practices can influence functional population objectives in animal agriculture
ecosystems.
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