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Abstract 14 

Dung beetles are an ecologically important group of insects globally, but the ecology of the 15 

Australian fauna is poorly known. Here we report on the first ecological study of dung beetles in 16 

an Australian tropical savanna, documenting species composition, food preferences and responses 17 

to fire. Dung beetles were baited using dung from five types of vertebrates as well as mushrooms. 18 

We sampled at nine plots subject to experimental fire regimes (three replicates each of high fire 19 

severity, moderate fire severity and unburnt over 15 years) at the Territory Wildlife Park near 20 

Darwin. Our samples were comprised entirely of nine native species of Onthophagus. Dog dung 21 

was the most attractive bait, recording all nine species and nearly 80% of all individuals, whereas 22 

no beetles were recorded at either wallaby or magpie-goose dung. Dung beetle abundance was 23 

highest under high fire severity and was negatively correlated with the cover of woody vegetation, 24 

a result driven by the two most common species, O. minsiculus and O. nr. quadripunctulatus. Our 25 

results indicate that Onthophagus is the dominant genus in dung-beetle assemblages of monsoonal 26 

Australia, as it is in open habitats of the Australian wet tropics. All our species of Onthophagus 27 

are relatively small (≤ 10 mm body length) and are ‘tunnelers’, storing dung and other food 28 

resources in tunnels dug immediately below the food source. Such an overwhelming dominance 29 

by small tunnelers does not occur in African savannas, reflecting the far lower availability of large 30 

mammalian dung in Australia.   31 

Keywords: Australian monsoonal tropics; fire experiment; fire severity; Onthophagus; vegetation 32 

cover 33 

 34 

  35 
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Introduction  36 

Dung beetles (Scarabaeidae: Scarabaeinae) are a highly diverse (approximately 7000 species; 37 

Schoolmeesters et al. 2010), globally distributed group of insects that feed on dung (mainly 38 

mammalian) and other food resources including carrion, mushrooms, fruits, and rotting plant 39 

matter (Hanski & Cambefort 1991; Martin Pierra & Lobo 1996; Salamao et al. 2014). They play 40 

key roles in nutrient cycling (Menendez et al. 2016), secondary seed dispersal (Andresen and 41 

Feer 2005), bioturbation, and the control of pests and intestinal parasites (Nichols et al. 2008). 42 

Dung beetles show high sensitivity to habitat disturbance and so are often used as ecological 43 

indicators in land management (Gardner et al. 2008; Carvalho et al. 2020). 44 

Dung beetle species typically use dung from multiple sources (Hanski and Cambefort 45 

1991; Frank et al. 2018; Ebert et al. 2019), enabling them to survive in the face of scarce and 46 

ephemeral resources (Estrada et al. 1993; Dormont et al. 2004). However, they often 47 

differentiate between the dung of carnivores, herbivores and omnivores (Holter & Scholtz 2007) 48 

due to differences in the amount of fiber, nutritional quality, moisture, and chemical content 49 

(Hanski & Cambefort, 1991; Dormont et al. 2007; Hernandez et al. 2012). Dung-beetle species 50 

usually have strong habitat preferences (Barbero et al. 1999; Dormont et al. 2007; Almeida & 51 

Louzada 2009; Kunz & Krell 2011), relating to soil type, vegetation structure, temperature, and 52 

humidity (Barbero et al. 1999; Davis et al. 2001; Haffter & Arellano 2002; Louzada et al. 2010). 53 

In particular, species composition in open habitats is usually very different to that in forests 54 

(Galante et al. 1991; Lumaret & Kirk 1991), and open-habitat species tend to have smaller body 55 

sizes (Krell et al. 2003; Nichols et al. 2007; Navarrete & Halffter 2008). 56 

Australia has more than 500 species of native dung beetles (Matthews 1972, 1974, 1976, 57 

T. Weir, unpublished data), along with 23 exotic species that have been introduced for the 58 
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removal of cattle dung (Doube et al. 1991; Edwards 2009; Edwards et al. 2015) because the 59 

native fauna does not adequately use this resource (Mathews 1972) due to  the absence of native 60 

bovids from Australia (Mathews 1972; Doube et al. 1991). Australia’s native species are well-61 

known taxonomically (Matthews 1972, 1974, 1976), but little is known about the composition of 62 

native assemblages, their food preferences or their responses to habitat disturbance (Vernes et al. 63 

2005; Gollan et al. 2011; Kenyon et al. 2016; Ebert et al. 2019), which are all foundations for 64 

their effective use as bioindicators (Andersen 1999). Ecological studies of native species have 65 

been conducted primarily in the wet tropics of North Queensland, where rainforest and dry 66 

sclerophyll forest have been shown to harbor distinct faunas with contrasting biogeographical 67 

origins (Vernes et al. 2005; Kenyon et al. 2016; Ebert et al. 2019). The former is dominated by 68 

Australian endemic genera, whereas the latter is dominated by the cosmopolitan genus 69 

Onthophagus (Matthews 1972, 1974; Hill 1996; Derhe et al. 2016; Kenyon et al. 2016).    70 

Dung-beetle assemblages of the vast tropical savanna landscapes that dominate northern 71 

Australia outside the wet tropics have been virtually unstudied. In the Neotropics, dung-beetle 72 

diversity is higher in forest than savanna (Almeida & Louzada 2009), whereas the reverse is true 73 

in Africa (Davis et al. 2002; Kunz & Krell 2011), and large species that roll balls of dung are far 74 

more prominent in Africa than in the Neotropics (Krell et al. 2003). These inter-continental 75 

differences can be explained by differences in mammalian faunas, and especially by the great 76 

diversity and abundance of native bovids in Africa (Hanki & Cambefort 1991). Given the 77 

absence of native bovids from Australia, the abundance and diversity of large roller species in 78 

Australian savannas can be expected also to be  far lower than in Africa.  79 

Fire is a major disturbance in tropical savannas (Andersen et al. 2003) and, at least in the 80 

Neotropics, dung-beetle assemblages are highly resilient to its direct effects (Nunes et al. 2019). 81 
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However, assemblages are sensitive to the indirect effects of fire through changes in vegetation 82 

structure (Andrade et al. 2011; Silveira et al. 2016).  Australian savannas are extremely fire 83 

prone, with most sites burnt every 2-3 years (Russell-Smith & Yates 2001). Variation in fire 84 

regimes has a pronounced effect on vegetation structure, which has important implications for 85 

fauna (Andersen et al. 2003, 2012). However, the effect of variation in fire regimes on dung-86 

beetle assemblages in Australian savannas is unknown.  87 

Here we describe the first ecological study of a dung-beetle assemblage of an Australian 88 

tropical savanna, as a contribution to improving an understanding of the ecology of Australian 89 

dung-beetle assemblages. We document the (1) composition, (2) food preferences and (3) 90 

responses to variation in fire regimes, using a long-term fire experiment in the ‘Top End’ of the 91 

Northern Territory. .   92 

 93 

Methods 94 

Study area 95 

The study was conducted as part of the Burning for Biodiversity fire experiment at the 96 

Territory Wildlife Park (12°42’S 130°59’E), located at Berry Springs, 40 km southeast of 97 

Darwin. Mean annual rainfall is approximately 1,700 mm, heavily concentrated in a summer, 98 

wet season. During the study period, between November 2018 and April 2019, the accumulated 99 

rainfall was 1,004 mm.  Temperatures in the study region are high all year-round, with  daily 100 

maximum and minimum temperatures averaging 31°C and 23.2 °C respectively (Australian 101 

Bureau of Meteorology; http://www.bom.gov.au/climate/data). The vegetation is primarily 102 

savanna woodland dominated by Eucalyptus tetrodonta and E. miniata in the overstorey, and the 103 

tall annual grass Sorghum stipoideum in the grass layer.  Understorey shrubs such as Acacia spp., 104 
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Calytrix exstipulata, Exocarpus latifolius and Petalostigma pubescens can also be common, 105 

especially where fire frequency is low.  106 

The fire experiment consists of a string of 18 1-ha plots arranged in three blocks (A - C), 107 

each with six fire treatments that have been applied since 2004 (Parr et al. 2007; Scott et al. 108 

2010; Andersen et al. 2014). Plots within a block were separated by 10 m, and blocks by 50-100 109 

m. Fire had been actively excluded from the Park for 20 years prior to the beginning of the 110 

experiment. The fire plots are located on the western boundary of the Park, within 100 m of land 111 

that has no history of fire exclusion; this acts as a ready source of any species that had been 112 

filtered from the Park due to long-term fire exclusion. Sampling was conducted in nine of the 18 113 

plots, representing three replicates each of high fire severity (H), moderate fire severity (M) and 114 

unburnt (U) (Fig. 1). H included the plots burned annually during the early dry season 115 

(May/June) in blocks A (plot A3) and B (plot B2), and M included plots burned every three years 116 

during the early dry season in blocks A (plot A1) and B (plot B4). The annually burned plot of 117 

block C (plot C3) had an unusually high density of shrubs and low cover of grass, making it 118 

highly resistant to burning. Its fires were extremely patchy and of very low intensity, and so we 119 

considered it an M plot. We used plot C2, experiencing higher-intensity, late-season fire every 120 

two years, as the third H plot. Woody cover on plots subject to this fire treatment is similar to 121 

that on annual early-burned plots in blocks A and B (Levick et al. 2019). U comprised each of 122 

the unburnt plots (A6, B6 and C5).   123 

 124 

Sampling 125 

We sampled dung-beetles using dung from five types of vertebrates: 126 



7 
 

1. Northern quoll (Dasyurus hallucatus), a small (0,5 - 1 kg), carnivorous marsupial 127 

occurring throughout far northern Australia;  128 

2. Domestic dog (Canis lupis familiaris), a medium-sized (typically 5-40 kg) introduced and 129 

feral carnivorous placental mammal, occurring throughout mainland Australia; 130 

3. Agile wallaby (Macropus agilis), a medium-sized (16 - 27 kg), herbivorous macropod 131 

common throughout subcoastal northern Australia; 132 

4. Asian water buffalo (Bubalus bubalis), a very large (up to 1,000 kg) domesticated 133 

herbivore with large feral populations in the Northern Territory; 134 

5. Magpie goose (Anseranas semipalmata), a small (up to 3.2 kg), herbivorous bird that is 135 

common in wetlands throughout coastal northern Australia; 136 

These dung types represented the dominant dung resources available in the region, both 137 

native (macropod, dasyurid and bird) and introduced (canid and bovid). As a sixth bait type, we 138 

also used cultivated mushrooms (Agaricus bisporus), given that mushrooms are known to be 139 

attractive to some Australian dung beetle species (Ebert et al. 2019). 140 

The dung was collected fresh during September and October 2018. Dung of magpie geese 141 

was collected from a Darwin golf course, and of dog dung from a family pet. Dung of wallabies, 142 

quolls and water buffalo (not subject to chemical drenching) were collected from exhibit 143 

animals. The collected dung was stored in a freezer and thawed immediately prior to use. Dung 144 

beetles were sampled using baited traps during December (early wet season) 2018 and February 145 

(mid wet season) 2019. The activity of tropical dung beetles is highest during the wet season, 146 

which is thus the optimum period of the year for sampling (Andresen 2005), and when most 147 

surveys in the wet tropics of North Queensland have been conducted (e.g. Ebert et al. 2019). On 148 

each occasion, six traps were established in the center of each plot, with traps located at the 149 
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corners of a 10 x 5 m rectangle, and at the mid-points of the longer sides of the rectangle. Traps 150 

were plastic containers (19 cm diameter, 11 cm height) dug into the ground and filled with 150 151 

ml of ethylene glycol as a preservative. Each trap had a wire hoop suspended over it to 152 

accommodate a small (4 cm diam, 5 cm height) plastic container for holding a dung bait (Fig. 153 

1D).   The traps were covered with plastic lids (20 cm diam) supported by three sticks to reduce 154 

drying of the bait and to protect the traps from rain. Traps within a plot were randomly assigned 155 

ca. 40 g of one of the six baits. Traps were baited early in the morning, and samples were 156 

collected after 48 hours.  There was no rain during either sampling period. There was a total of 157 

108 samples (6 baits x 9 plots x 2 sampling periods).  158 

After sampling, dung beetles were sorted to morphospecies and counted. Voucher 159 

specimens were pinned and identified by one of the authors (TW), who is a leading expert on 160 

Australian dung beetles. A complete collection of voucher specimens is deposited at the 161 

Australian National Insect Collection, Canberra.  162 

 163 

Woody cover 164 

In December 2018 we quantified woody-plant cover in each plot, as a key measure of vegetation 165 

structure that is influenced by fire. Measurements were taken at five points along each of three 166 

transects (points within a transect separated by 15 m; transects separated by 30 m), totaling 15 167 

points in each plot. At each point, woody cover was visually estimated by the same person inside 168 

a 5 x 5 m quadrat according to a 6-point scale: <5%, 5-10%, 11-25%, 26-50%, 51-75%, 169 

>75%The mean-points of cover classes were used for statistical analysis.   170 

 171 

Data analysis 172 
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For all statistical analyses we pooled data from the two sampling periods (December and 173 

February).  To evaluate the effects of bait type and fire regime, and the interaction between these 174 

two factors, on the abundance of dung beetles we carried out a Generalized linear mixed model 175 

(GLMM), using plot as a random factor. Similarly, we evaluated the effects of bait type and fire 176 

regime on the species richness of dung beetles using a Poisson GLMM. Since the number of 177 

beetles captured in different fire regimes and different baits varied strongly, we  also built a 178 

GLM for Fisher’s alpha diversity (calculated using the Past software; Hammer et al. 2001), 179 

which has low sensitivity to differences in sample size (Fisher 1943). For analysis of abundance 180 

and species richness we assume a Poisson error distribution, using the log-linking function, 181 

whereas the Gausian distribution and the identity linking function was used for analysis of 182 

Fisher’s alpha diversity.    183 

To determine if woody cover varied among fire treatments, we built a GLMM using 184 

quadrat-level data and with plot as a random factor intercept. We assumed a binomial error 185 

distribution and used a log-linking function. We then tested if the total abundance,  species 186 

richness and Fisher’s alpha diversity of dung beetles  were related to woody cover (plot means; 187 

predictor variable) using quasi-poison GLMs. We used the emmeans package (Bretz et al. 2010) 188 

to perform post-hoc Tukey comparisons when models indicated differences in categorical 189 

variables. All analyses were performed using the lme4 package (Bates et al. 2015) in R version 190 

3.5.2. (R Core Team 2018). The residuals of all models were checked to verify the adequacy of 191 

the models (Crawley 2012).   192 

To compare compositional responses of dung beetles to bait type and fire regime, we first 193 

constructed Bray-Curtis similarity matrices, based on abundance data.  We ordinated sites using 194 

Non-metric Multidimensional Scaling (NMDS) and conducted permutational multivariate 195 
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analysis of variance (PERMANOVA) in PRIMER V.7 (Clarke & Gorley 2015) to test for site 196 

clustering in relation to bait type, fire regime and their interaction. P-values were generated by 197 

permutation (n = 999).  198 

 199 

Results 200 

The dung-beetle fauna  201 

In total, 221 dung beetles (107 and 114 in the early and mid-wet seasons, respectively) were 202 

collected, belonging to nine species of Onthophagus (Table 1). The most commonly recorded 203 

species were O. minusculus (51% of total beetles sampled) and Onthophagus nr. 204 

quadripustulatus (20%).  205 

 206 

Food preferences  207 

The total abundance, species richness and Fisher’s alpha diversity of dung beetles all varied with 208 

bait type (abundance: χ² = 187.54, df = 3, p < 0.01; species richness: χ²  = 27.40, df = 3, p < 0.01; 209 

Fisher’s alpha diversity:  χ²  = 21.02, df = 3, p < 0.01; Fig. 2). Dog dung was by far the most 210 

attractive bait, accounting for 78% of all beetles collected, and recording all nine species. Traps 211 

with wallaby and magpie-goose dung failed to capture any beetles, while baits with quoll dung, 212 

buffalo dung and mushrooms attracted four, three and two species respectively.  213 

The composition of dung-beetle species varied significantly with bait type (Pseudo F = 214 

6.44, df = 3, p < 0.01, Fig. 5A).  Species composition at Buffalo dung was significantly (p < 215 

0.01) different from all other bait types except Quoll dung (p = 0.17), which was significantly (p 216 

< 0.01) different from dog dung, but not from mushrooms (p = 0.09). Onthophagus glabratus, O. 217 

ocelliger, O. rubescens and O. nr. quadripustulatus were recorded only at dog dung, and O. 218 
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erichsoni was recorded only at dog and quoll (both carnivores) dung. Onthophagus minisculus 219 

was commonly recorded at buffalo (herbivore) as well as dog and quoll dung, and O. discolor 220 

and O. fabricii were also recorded at both dog and buffalo dung. Finally, O. parrumbal occurred 221 

primarily at mushroom baits, but also at dog and quoll dung. 222 

 223 

Responses to fire 224 

The total abundance of dung beetles varied significantly with fire regime (χ² = 17.08, df = 2, p 225 

<0.01), with no interaction with bait type (χ² = 9.38, df = 6, p = 0.15). Abundance was higher 226 

under high (H) and moderate (M) severity fires compared with unburnt (Fig. 3A), due primarily 227 

to the two most common species, O. minisculus and O. nr. quadripustulatus (Table 1). 228 

Onthophagus erichsoni and O. fabricii were most commonly recorded in M plots, and O. 229 

glabratus in unburnt plots. Neither species richness (χ² = 0.95, df = 2, p = 0.97; Fig. 3B) nor 230 

Fisher’s alpha diversity (χ² = 0.49, df = 2, p = 0.780; Fig. 3C) varied significantly among fire 231 

regime, and there was no interaction between fire regime and dung type (p > 0.05 in both cases).   232 

Woody cover varied among fire regimes (χ² =33.57, df = 2, p < 0.001); it was two times 233 

higher in the unburnt than in the burnt plots, but not significantly different between the H and M 234 

regimes (Fig. 4A).  Dung beetle abundance decreased with increasing woody cover (F1,7 = 11.15, 235 

p = 0.01, Fig. 4B), but there was no significant relationship between woody cover and either 236 

species richness (F1,7 = 2.39, p = 0.17) of Fisher’s alpha diversity (F1,7 = 5.20, p = 0.06). There 237 

was no significant relationship between species composition and fire regime (Pseudo F = 0.75, df 238 

= 2, p = 0.75, Fig. 5B), and no interactive effect of bait type and fire regime on species 239 

composition (Pseudo F = 0.83, df = 6, p = 0.76). 240 

 241 
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Discussion 242 

Australia has a rich dung-beetle fauna that is well-known taxonomically, but the environmental 243 

associations and food preferences of its species are poorly known. Ours is the first ecological 244 

study of a dung-beetle assemblage in the Australian monsoonal tropics, and it is the first study of 245 

the effects of variation in fire regimes on an Australian dung-beetle assemblage. Our sampled 246 

dung beetle assemblage was comprised entirely of native species of Onthophagus. Frequent fire 247 

promoted overall dung-beetle abundance through the maintenance of an open habitat structure, 248 

but fire did not affect species diversity or composition.  249 

Our first aim was to document assemblage composition, and remarkably our samples 250 

were comprised entirely of species of Onthophagus. This is one of the richest of all animal 251 

genera, with more than 1,500 species worldwide (Scholtz et al. 2009), including at least 230 in 252 

Australia (Matthews 1972; T. Weir unpublished data). Eight of our nine species are described, all 253 

of which are widely distributed in northern Australia, occurring also in Western Australia and/or 254 

Queensland (Matthews 1972). Onthophagus nr quadripustulatus is an undescribed species 255 

known only from Berry Springs and Kakadu National Park (approximately 200 km east of Berry 256 

Springs). Our species represent a fraction of the regional Onthophagus fauna, with at least 27 257 

additional species known from the Greater Darwin Region. Many other dung-beetle genera also 258 

occur in the region, including Amphistomus, Coptodactyla, Lepanus, Tesserodon and 259 

Temnoplectron (Matthews 1972, 1974, 1976). Dung-beetle species often have locally patchy 260 

distributions, especially in relation to soil (Davis 1996; Hanski & Cambefort 1991). However, it 261 

is unclear if the absence from our samples of so many taxa from the regional species pool is due 262 

to a lack of occurrence at our study site, or the bait types used.  263 
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 In Australia, Onthophagus occurs primarily in open habitats (Matthews 1972; Ebert et al. 264 

2019), which reflects its African origin and adaptation to aridity (Tarasov & Genier 2015; 265 

Tarasov & Dimitrov 2016). Onthophagus species dominate the dung-beetle fauna of open forests 266 

in Australia’s wet tropics (Ebert et al. 2019), and our results suggest that such dominance is even 267 

more extreme in the Australian monsoonal tropics, as proposed by Matthews (1972, 1974). As is 268 

typical of the genus in Australia, all the species of Onthophagus in our study are relatively small 269 

(≤10 mm body length) and are ‘tunnelers’ (Kenyon et al. 2016), storing dung and other food 270 

resources in tunnels dug immediately below the food source (Hanski & Cambefort 1991).  Dung-271 

beetle assemblages in savannas more generally consist primarily of small-sized species, but such 272 

overwhelming dominance of tunnelers does not occur in savannas of either Africa (Krell et al. 273 

2003) or the Neotropics (Spector &Ayzama, 2003)..  274 

Our second aim was to document food preferences, as indicated by attraction to different 275 

bait types. Dog dung was by far the most attractive of our six bait types, attracting all nine 276 

species and nearly 80% of all individuals. More individuals were similarly attracted to the dung 277 

of carnivores than herbivores at Lamb Range in the Australian Wet Tropics (Vernes et al. 2005). 278 

However, in another study in the Australian Wet Tropics herbivore dung attracted more 279 

individuals, and a similar number of species, compared to carnivore dung (Ebert et al. 2019).  280 

The food preferences of dung-beetle faunas therefore vary markedly in tropical Australia.  281 

Five of our nine species (O. glabratus, O. ocelliger, O. rubescens, O. nr. quadripustulatus 282 

and O. erichsoni) were recorded only at dog and quoll dung. We had very few records of 283 

Onthophagus ocelliger and O. rubescens, but Matthews (1972) noted that both species are only 284 

rarely if ever attracted to herbivore dung. All five species can therefore be considered carnivore 285 

specialists. Only three species (O. minisculus, O. discolor and O. fabricii) were recorded at both 286 
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carnivore and herbivore (buffalo) dung, and therefore can be considered dietary generalists. 287 

These findings contrast with those of a recent meta-analysis of primarily European and 288 

Neotropical studies showing that most dung beetle species are dietary generalists (Frank et al. 289 

2018).  Onthophagus parrumbal was the only species occurring primarily at mushroom baits; it 290 

has previously been recorded from decayed fungus (Matthews, 1972, T. Weir unpublished data) 291 

and appears to be a mushroom specialist.  292 

Surprisingly, we recorded no beetles at traps baited with wallaby dung, despite wallaby 293 

dung being known to attract a range of Australian dung-beetle species (Gollan et al. 2011; Ebert 294 

et al. 2019). Compared with buffalo, wallabies produce relatively dry and fibrous dung, and it is 295 

possible that the high temperatures and lack of rain during our sampling made our baits drier and 296 

harder, and therefore less attractive to dung beetles (Gardner et al. 2008). If so, wallaby dung 297 

would frequently be unattractive to dung-beetles at our study site even over the wet season. 298 

Magpie-goose dung also failed to attract any dung beetles. It is unclear if this is because the 299 

magpie goose is a wetland bird not occurring in savanna habitats and therefore unfamiliar to our 300 

sampled species, or if it reflects a lack of attraction to bird dung more generally. However, very 301 

few species of Australian native dung beetles have been associated with bird dung, mostly 302 

species of Lepanus (T. Weir unpublished data). Four species of Lepanus are known to occur in 303 

the Greater Darwin Region (Gunter & Weir 2019, T. Weir unpublished data) but none of these 304 

were recorded in our study.   305 

Our final aim was to assess the responses of dung beetles to experimental fire regimes, 306 

comparing plots burned with high fire severity, moderate fire severity and long unburned. Our 307 

study design is limited by relatively small (1 ha.) plot size, which potentially allowed movement 308 

between plots. The distances that Australian dung beetle species can detect food resources is 309 
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unknown (Gollan et al. 2011), but a minimum distance of 100 m between traps has been 310 

suggested for avoiding lack of independence of catches (Silva & Hernández, 2015). Any 311 

movement between plots would act to reduce apparent fire effects, and so this could be a factor 312 

contributing to a lack of variation among treatments in species diversity and composition. 313 

Overall dung-beetle abundance was highest under the high severity fire regime and 314 

lowest in the long-term absence of fire.  The effect of fire on beetle abundance is likely to have 315 

been mediated by changes in woody cover, which decreased as fire severity increased. A 316 

negative correlation between dung-beetle abundance and woody cover also occurs in Amazonian 317 

savannas (Louzada et al. 2010). Vegetation cover can affect dung beetles by regulating 318 

microclimate (Menendez & Gutierrez, 2004), as well as by affecting the vertebrate fauna and 319 

therefore resources for dung beetles (Nichols et al. 2009). However, vegetation cover can also 320 

affect sampling efficiency, through both the distance that bait odor can spread and the 321 

accessibility of baits (Riffell et al. 2008). The relative importance of habitat preference and 322 

sampling efficiency as drivers of our higher catches at sites with lower vegetation cover is 323 

unclear. The highest overall abundance under high fire severity (and lowest woody cover) was 324 

driven by the two most common species (O. nr. quadripustulatus and O. minisculus), whereas 325 

most of the less common species occurred primarily under moderate fire severity (moderate 326 

woody cover) or in the absence of fire (highest woody cover). Such patterns of occurrence 327 

cannot be explained by sampling efficiency, and therefore reflect habitat preferences. Notably, 328 

no species occurred exclusively in long-unburnt plots.  329 

The positive effect of fire on dung-beetle abundance in savannas contrasts with the 330 

strongly negative effects in tropical forests (de Andrade et al. 2011, 2014, Barlow et al. 2012, 331 

Silveira et al. 2015). Such contrasting responses reflect contrasting functional composition in 332 
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relation to habitat openness, with savannas and forests dominated by open-adapted and shade-333 

adapted taxa respectively due to evolutionary histories with and without fire (Andersen 2019; 334 

Bond 2019).  335 

 The functional composition of dung beetle assemblages can provide valuable insights 336 

into intercontinental comparisons of biomes where contemporary climate, vegetation structure 337 

and key processes such as fire are shared, but evolutionary histories vary markedly. Dung beetles 338 

are closely associated with mammals, and it is not surprising that highest species richness occurs 339 

in African savannas (Camberfort et al. 1991), where the diversity and abundance of large 340 

mammals is also highest. A high availability of large dung resources favors large dung beetles 341 

and the roller functional trait (Doube 1991; Hanski & Cambefort 1991; Kunz & Krell 2011).  342 

Our results are consistent with the expectation that, compared with Africa, dung-beetle 343 

assemblages in Australian savannas have smaller body sizes and are dominated by tunnelers 344 

rather than rollers.   345 
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Table 1 – List of species and abundance of dung beetles collected from an Australian savanna using dung from five types of animals 

and mushrooms, in relation to season (early and mid-wet season), bait type,  (no beetles were recorded at either wallaby or magpie goose 

dung), and fire regime (High severity, Moderate severity and Unburnt). 
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 Season Bait type Fire regime  

Species Early Mid Dog Quoll Buffalo Mushroom High Moderate Unburnt Total 

Onthophagus discolor Hope, 1842 1 10 5 1 5   5 6 11 

Onthophagus erichsoni Hope, 1842 9 10 18 1   2 11 6 19 

Onthophagus fabricii Waterhouse, 1894 2 4 5  1   6  6 

Onthophagus glabratus Hope, 1842 6 1 7    2 1 4 7 

Onthophagus minusculus Macleay, 1888 41 71 83 11 15 3 62 33 17 112 

Onthophagus ocelliger Harold, 1877 4  4    3  1 4 

Onthophagus parrumbal Matthews, 1972  2 14 4 1  11 2 7 7 16 

Onthophagus rubescens Macleay, 1888 2  2    1  1  2 

Onthophagus nr. quadripustulatus   40 4 44    24 15 5 44 

Number of species 9 7 9 4 3 1 7 7 8 9 

Total 107 114 172 14 21 14 96 78 47 221 
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Fig. 1 View of plots subject to different experimental fire regimes: (A) high severity (annually 

burnt); (B) moderate severity (burned every three years); (C) unburnt for 15 years.  (D) Baited 

trap used to sample dung beetles.  

 

Fig. 2 - Effect of bait type on dung beetle (A) abundance, (B) species richness. and (C) Fisher’s 

alpha diversity. Shown are mean values and their standard errors. D = dog; B = buffalo; M = 

mushroom; Q = quoll; W = wallaby; G = magpie goose. Different letters indicate statistical 

differences between bait types. 

 

Fig. 3 – Effect of  fire regime (high severity, moderate severity, unburnt) on dung beetle (A) 

abundance, (B) species richness, and (C) Fisher’s alpha diversity. Shown are mean values and 

their standard errors. Different letters indicate statistical differences between bait types. 

 

Fig. 4- (A) Means and standard errors of woody-plant cover in plots subject to different fire 

regimes (H = high severity; M = moderate severity; U = unburnt).  Different letters indicate 

statistical differences between the means. (B)  Relationship between dung-beetle abundance and 

woody-plant cover (R² = 0.60).  

 

Fig. 5 – (A) NMDS showing variation in species composition of dung-beetle species among bait 

types (Stress: 0.11). Each point represents a bait type at a plot, pooled over the two sampling 

periods. Baits with no beetles are not shown. (B)NMDS of plots based on the species 

composition of dung beetles, showing variation among fire regimes (data pooled over the two 

sampling periods) (Stress: 0.12). 
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Figure S1 – View of the 18 plots of the project Burning for Biodiversity. Sampled occurred in nine 

plots   subject to different experimental fire regimes: high severity (H), moderate severity (M); 

unburnt for 15 years (U). 

 

 


