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Abstract

Dung beetles (Coleoptera: Scarabaeoidea) serve a significant role in regulating ecosystem services on rangelands. 
However, the influence of grazing management on dung beetle communities remains largely unknown. The 
purpose of this study was to investigate dung beetle abundance and diversity throughout the grazing season 
in the Nebraska Sandhills Ecoregion. Grazing treatments included: continuous grazing (CONT), low-stocking 
rotational grazing (LSR), high-stocking rotational grazing (HSR), and no grazing (NG). The abundance and diversity 
of dung beetles were measured in the 2014 and 2015 grazing seasons using dung-baited pitfall traps. Dung beetle 
abundance for each grazing treatment was characterized through four indices: peak abundance, species richness, 
Simpson’s diversity index, and Simpson’s evenness. A total of 4,192 dung beetles were collected through both years 
of trapping in this study. Peak abundance and species richness were greater in grazed treatments when compared 
to NG in both years. Peak abundance in the HSR was 200% (2014) and 120% (2015) higher than in the LSR. Species 
richness in the HSR was 70% (2014) and 61% (2015) higher than in the LSR, and 89% (2014) and 133% (2015) higher 
than in CONT. Simpson’s diversity index was lower in the NG and CONT treatments when compared to the LSR or 
HSR treatments for both years. We conclude that rotational grazing, regardless of stocking density, promoted dung 
beetle abundance and diversity within the Nebraska Sandhills Ecoregion. 

Key words:  beetle, dung, grazing, rangeland

Dung beetles (Coleoptera: Scarabaeoidea) serve an important role in 
the function of many ecosystems (Perrin et al. 2020). Dung beetles 
scavenge dung from the soil surface and transport it underground 
where they then use it as a food resource (Halffter and Matthews 
1966, Simmons and Ridsdill-Smith 2011, Nunes et  al. 2018). 
A number of studies have reported that dung beetles can play im-
portant roles in nutrient cycling, greenhouse gas mitigation, para-
site suppression, and overall trophic regulation (Bang et  al. 2005, 
Yamada et al. 2007, Nichols et al. 2008, Penttilä et al. 2013, Santos-
Heredia et al. 2018, Evans et al., 2019a). In addition, dung beetle ac-
tivity can increase soil nutrients at the soil surface by incorporating 
nutrients from the dung into the soil (Evans et al. 2019b). Therefore, 
dung beetle activity is recognized as being very important for ranch 
management by promoting and maintaining healthy cattle-grazed 
rangeland ecosystems (Aarons et al. 2009, Menéndez et al. 2016). 
The relationships between dung beetle activity and these important 

ecological functions demonstrate why dung beetles are important 
for the promotion and maintenance of healthy cattle-grazed ecosys-
tems (Perrin et al. 2020). The ecosystem services provided by dung 
beetles are estimated to be over $380 million annually in the United 
States (Losey and Vaughan 2006). However, the value of the services 
provided by dung beetles is greatly affected by their biodiversity, 
with less diverse communities providing fewer ecosystem functions 
(Spaak et al. 2017). Manning et al. (2017) determined higher dung 
beetle species richness had greater pasture productivity when com-
pared to lower dung beetle species richness.

Therefore, reports of declining species in the last decade due 
to habitat fragmentation could result in reduced effectiveness of 
dung beetles within rangeland ecosystems (Hutton and Giller 2003, 
Filgueiras et  al. 2011, Slade et  al. 2016, Perrin et  al. 2020). Due 
to these findings, an increased number of ranchers are interested in 
conserving and promoting dung beetles on their grasslands (Hutton 
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and Giller 2003, Slade et  al. 2016). Intensifying grazing practices 
that promote dung beetle activity could be beneficial for ranchers by 
improving the ecosystem services they provide on rangeland (Verdú 
et al. 2007, Correa et al. 2019).

In Nebraska, there are over nine million hectares of rangeland and 
pasture that are primarily used for grazing (Nebraska Department 
of Agriculture 2016). On average, cattle produce 8–12 dung pats 
per day (Bornemissza 1960). This indicates that a single cow may 
foul approximately 0.4–0.96 m2 of grassland per day (Fincher 1981, 
Yoshitoshi et al. 2016). However, grazing management can have an 
impact on the dung production. Grazing management is performed 
on rangeland in numerous ways with two of the most common prac-
tices being continuous and rotational grazing (Zhou et  al. 2019). 
Continuous grazing involves grazing cattle at low stocking densi-
ties in a single, open pasture for the duration of the grazing season. 
This is to ensure that there is enough forage to last the entire season 
(Holechek et  al. 2011). Rotational grazing involves splitting pas-
tures into multiple paddocks with cattle being rotated through each 
paddock as available forage becomes depleted (de la Motte et  al. 
2018). Rotational grazing allows higher stocking densities than 
that of continuous grazing. High-stocking rotational grazing (HSR 
grazing) involves the rotation of high densities of cattle (~500 AU/
ha) through small paddocks for short time durations of 1 d or less 
(Gompert 2009, Thomas 2012). The goal behind high-stocking rota-
tional grazing is to improve pasture productivity by increasing cattle 
grazing efficiency (Aarons et al. 2009, Moir et al. 2010).

Several studies have reported that grazing can positively influ-
ence dung beetle occurrence and diversity (Hutton and Giller 2003, 
Numa et  al. 2010). Buse et  al. (2015) reported that grazing con-
tinuity had positive effects on total species richness. However, the 
impact that specific grazing practices have on dung beetle occurrence 
and diversity remains largely unknown (Lee and Wall 2006, Verdú 
et al. 2007). Whipple (2011) collected over six times the number of 
dung beetles and twice the number of dung beetle species in rota-
tionally grazed paddocks relative to continuous grazing. The number 
of collected dung beetles was greater in high grazing intensity com-
pared to low grazing intensity on the herbaceous vegetation due 
to the fact that high grazing intensity can increase dung quantity 
(Perrin et al. 2020).

Although several factors could influence dung beetle abundance 
and diversity between grazing practices, it is hypothesized that 
higher stocking density would increase concentration of dung pats 
deposited per paddock in a short time, thus increasing the abun-
dance and species diversity of dung beetles. The purpose of this study 
was to quantify the abundance and diversity of dung beetles under 
different grazing treatments.

Materials and Methods

Study Site Description
This study was conducted in 2014 and 2015 on ~25 ha of grass-
land at the University of Nebraska-Lincoln’s Barta Brothers Ranch 
(BBR, 42°13′N; 99°38′W) in the northeastern Sandhills Ecoregion 
of Nebraska. Situated above the Ogallala Aquifer, this ecoregion 
is composed of grass-covered sand dunes and sub-irrigated (aqui-
fer-fed) meadows with numerous lakes and wetlands spread 
throughout (Ahlbrandt and Fryberger 1980, Rundquist 1983). 
According to Lindsey (2016) and Guretzky et  al. (2020), peren-
nial, exotic cool-season grasses, including timothy (Phleum pratense 
L.  (Poales: Poaceae)), quackgrass (Elymus repens Gould  (Poales: 
Poaceae)), red-top (Agrostis stolonifera L.  (Poales: Poaceae)), and 

Kentucky bluegrass (Poa pratensis L.  (Poales: Poaceae)), domin-
ated the meadow; however, perennial, native warm-season grasses, 
sedges, and rushes were common. Soils are sandy to fine sandy loam 
texture. Soil organic matter content ranged between 14 and 33 mg/g 
at the 0- to 10-cm depth and between 4 and 9 mg/g at the 10- to 
20-cm depth (Evans et al., 2019b). Meadows are seasonally wet in 
early to late spring due to the rising water table. The growing season 
lasts ~ 150 d with annual precipitation ranging from 430 to 580 mm 
and temperature averages of ~10°C.

To provide observations and descriptive statistics for the dung 
beetle community in the region, a dung beetle survey was completed 
at two private ranches in the northeastern Sandhills. The private 
ranches were the Brown County Ranch (BCR) and the Rock County 
Ranch (RCR). The study area at the BCR (42°19′N; 100°4′W) was 
~303 ha of sub-irrigated meadow and ~364 ha of sandy upland. 
The study area at the RCR (42°29′N; 99°20′W) was ~32 ha and 
consisted of sub-irrigated meadow. The distance between BBR and 
each private ranch is approximately 37 km. The distance between 
the private ranches is approximately 63 km.

Grazing Management
Although grazing occurred on all of the ranches in 2014 and 2015, 
the effect of grazing on dung beetle abundance and diversity was 
only evaluated at the BBR because grazing management treatments 
at BCR and RCR were not replicated. Information about the grazing 
management at these two private ranches can be seen in Supp Table 
S1 (online only). For the BBR in 2014 and 2015, grazing began 
in early June when cattle were placed onto pasture and continued 
until cattle were removed in late August/September. The ranch was 
grazed by a separate cattle herd (yearling steers) for the duration of 
the grazing seasons. Cattle were tagged with insecticidal ear tags to 
prevent flies; however, they were not treated with any other insecti-
cides (ivermectins, cydectins, etc.) prior to being placed onto pasture. 
The presence of insecticidal ear tags was not a concern in this study 
as they prove to have minimal impact on dung beetle populations 
(Schreiber et al. 1987, Bertone et al. 2004).

Five grazing management treatments were applied at BBR in a 
randomized complete block design with two replicates: continuous 
(CONT), low-stocking rotational grazing which consisted of once-over 
(LSR once-over) and twice-over (LSR twice-over) rotational treatments, 
high-stocking density rotational grazing (HSR), and no grazing (NG) as 
a control. Cattle stocking rates were the same across all treatment pas-
tures. However, the rotational pastures were divided into smaller pad-
docks and had different stocking densities depending on the treatment. 
In the CONT, cattle were grazed at low stocking densities (<1 AU/ha) 
and were kept in a single open pasture for the duration of the grazing 
season. For the LSR once-over, cattle were grazed at low stocking den-
sities (~20 AU/ha) and were moved to a new paddock every 3–4 wk. 
These cattle grazed each paddock once each season. In the LSR twice-
over, cattle were also grazed at low stocking densities (~20 AU/ha), but 
were moved to a new paddock every 1–2 wk. Thus, these cattle grazed 
each paddock twice each season. For the HSR, cattle were grazed at 
ultra-high stocking densities (~500 AU/ha) and were moved to a new 
paddock two times per day. These cattle grazed each paddock once each 
season. Lastly, the NG had no cattle present throughout the grazing 
season. A detailed explanation of the grazing treatments at the BBR can 
be found in Table 1.

Sampling
Sampling was conducted in all ranches using pitfall traps (Fig. 1A) 
from June to August in 2014 and 2015 to monitor the abundance 
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and diversity of dung beetles on pastures. Pitfall traps were placed 
in each grazing treatment throughout each study pasture and spaced 
~50 m apart to ensure that no interference occurred (Larsen and 
Forsyth 2005). Traps were designed similar to Ratcliffe (2013); how-
ever, they were modified using 500 ml Nalgene jars and steel cover 
plates. Cover plates were used to prevent cattle from stepping into 
the traps, and the plates were separated ~2.5  cm apart with PVC 
spacers (Fig. 1B). Each trap was baited with a 20-ml vial containing 
approximately 10–20 ml of homogenized primate dung from chim-
panzees fed on a standard diet. Chimpanzee dung was used as bait 
on the basis that dung beetles exhibit higher attraction to primate 
dung compared to that of other animals (Whipple and Hoback 
2012). For a killing agent, Nalgene jars were filled with approxi-
mately 50–100 ml of a 50% ethylene glycol/water solution.

At BBR, 36 traps were present in the HSR treatment, 8 traps 
were present in the LSR once-over and LSR twice-over treatments, 
and 4 traps were present in the CONT and NG treatments. The in-
creased number of traps in the HSR and LSR treatments were to 
account for the fact that cattle were rotated to different paddocks 
within the pastures throughout each season. Only the traps that 
were in the same paddocks as the cattle each week were used for the 
statistical analysis. For all treatments, this equaled to approximately 
0.4–0.5 ha per trap (Table 1). For BCR meadow and upland, there 
were 30 and 15 traps both years, respectively. For RCR, there were 
18 traps in 2014.

Following similar methods to Whipple and Hoback (2012), the 
traps were baited for 7-d intervals within 14-d periods. This al-
lowed the traps to be temporarily sealed up in case of heavy rain 
or a flooding event. Traps were collected at the end of each 14-d 
period and bait vials were replaced with fresh dung for the following 

period. Sampling time in all ranches can be seen in Fig. 2. For BBR, 
2014 sampling began on June 25 and concluded on August 20 (five 
sampling events), and 2015 sampling began on June 2 and concluded 
on August 11 (six sampling events). For BCR meadow and upland, 
2014 sampling occurred from June 24 to September 18 (seven sam-
pling events for each position) and 2015 sampling occurred from 
June 17 to August 12 (four events for each position). For RCR, 2014 
sampling occurred from June 30 to August 11 (four events) and no 
sampling occurred in 2015 due to a change in ownership of the land. 
Following collection, samples were taken to the laboratory where 
dung beetles were counted and identified to species according to 
Ratcliffe and Paulsen (2008). Dung beetle species verification was 
conducted with the assistance of the collections manager at the 
University of Nebraska State Museum. A voucher collection of dung 
beetle species was constructed for this study and is housed at the 
University of Nebraska State Museum in Lincoln, NE.

Adequacy of Sampling
To determine the adequacy of sampling, species accumulation 
curves for all ranches were generated using EstimateS version 9.1.0 
(Colwell 2013). Interpolation was used to show how species rich-
ness increased per sample up to the number of samples that were 
empirically collected. Interpolation uses the rarefaction technique to 
estimate expected species richness from a random subsampling of 
the data (Gotelli 2008). An estimation of the asymptotic species was 
then generated with extrapolation to show how much more sam-
pling would need to take place before additional species would be 
collected. Accumulation curves were generated from all collected 
samples for each study location in 2014 and 2015 combined. For the 

Table 1. Grazing managements, abbreviations, stocking densities, number of traps, and area per trap for Barta Brothers Ranch in the  
Nebraska Sandhills in 2014 and 2015

Grazing management Grazing abbreviation Stocking density per paddock  
(AU/ha)

Number of traps Hectare 
per trap

No graze NG 0 4 0.4
Continuous grazing CONT <1 4 0.4
Low-stocking rotational grazing with once-over LSR once-over ~20 8 0.5
Low-stocking rotational grazing with twice-over LSR twice-over ~20 8 0.5
High-stocking rotational grazing HSR ~500 36 0.4

Fig. 1. Photograph of a pitfall trap (A) and diagram of the pitfall trap design (B) that was used to measure dung beetle activity in grazing treatments during the 
2014 and 2015 grazing seasons.
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direct statistical comparison of the accumulation curves, we calcu-
lated the number of species observed ± the 95% CIs.

Statistical Procedures
Dung beetle activity for each grazing treatment at the BBR was char-
acterized through four indices: peak abundance per trap, species 
richness, Simpson’s diversity index, and Simpson’s evenness. Peak 
abundance was defined as the maximum number of dung beetles 
recovered per trap per period for each grazing treatment when cattle 
were present in the paddock. This was used to counteract the ab-
sence of cattle in paddocks that were not being grazed in the ro-
tational grazing treatments. Species richness, or number of species, 
was expressed as the total number of species that were captured in 
each grazing treatment. Simpson’s diversity index (D) quantifies the 
diversity in a habitat by accounting for species richness as well as 
the relative abundance of each species in a sample (Magurran and 
McGill 2011) by the following equation:

D = Σpi2 (1)

where 𝑝i represents the proportion of abundance for species i. 
Simpson’s diversity index can be summarized as, ‘the probability 

that two individuals drawn at random from an infinite community 
would belong to the same species’. The reciprocal of Simpson’s di-
versity index was used to determine dung beetle diversity across 
each grazing treatment. It ranges on a scale from 1 to the maximum 
number of species collected, with higher values signifying more di-
versity in a sample. Lastly, Simpson’s evenness, a measure of the rela-
tive abundance of species in a community, was estimated as follows 
(Magurran and McGill 2011):

E = (1/D) /S (2)

where 1/D represents the reciprocal of Simpson’s diversity index, and 
S represents the total number of species in the community. Simpson’s 
evenness ranges on a scale from 0–1, with 0 indicating maximum 
unevenness and 1 indicating perfect evenness.

All data were analyzed using a mixed model (PROC MIXED pro-
cedure) in SAS (2013) statistical software version 9.4, with grazing 
management and year being considered as fixed factors and replica-
tions as a random factor for each ranch. Significantly different treat-
ment means were separated using a Tukey’s HSD mean comparison 
test with an α = 0.05 significance level.

Fig. 2. Timeline of grazing and dung beetles sampling performed at the Barta Brothers Ranch, Brown County Ranch, and Rock County Ranch in 2014 and 2015 
in the Nebraska Sandhills.
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Results

Dung Beetle Collection Totals
The overall total number of dung beetles collected through both 
years of this study in all ranches was 4,192. Percent abundance for 
all species collected at each ranch is presented in Table 2. Across all 
grazing treatments in 2014, a total of 760 dung beetles were col-
lected at the BBR, 394 in the meadow and 67 in the upland at the 
BCR, and 564 at the RCR, with a grand total of 1,785. In 2015, a 
total of 1,441 were collected at the BBR and 538 in the meadow 
and 428 in the upland at the BCR, with a grand total of 2,407. 
The species composition varied across ranches, with Onthophagus 
spp. Latreille being the most dominant and consistent dung beetles 
found across all locations in 2014 and 2015 (Table  2). The total 
number of dung beetle species collected was 12 for the BBR both 
years, 10 (2014) and 9 (2015) in the BCR meadow, 7 (2014) and 12 
(2015) in the BCR upland, and 9 in the RCR (Table 2).

Species Accumulation Curves
The generated accumulation curves revealed that the number of sam-
ples collected would need to significantly increase before new species 
could be observed. At the BBR, it is estimated that doubled sampling 
efforts would only result in the collection of three additional species 
(Fig. 3A). At RCR (2014 only), doubled sampling efforts would re-
sult in the collection of four additional species (Fig. 3B). In both the 
meadow and upland pastures at the BCR, doubled sampling efforts 
would only result in the collection of one additional species (Fig. 3C 
and D).

Effect of Grazing on Dung Beetle Abundance and 
Diversity at the Barta Brothers Ranch
Peak Abundance
Average peak dung beetle abundance under different grazing treat-
ments at the BBR is shown in Fig. 4. The average peak dung beetle 
abundances on grazed treatments were consistently higher than the 
NG during 2014 and 2015 (Fig. 4). In 2014, the HSR was 218% and 
200% higher than the LSR once-over (F1,86 = 10.49, P = 0.0017) and 
LSR twice-over (F1,86 = 9.47, P = 0.0028), respectively, but similar 
to the CONT (P = 0.0831) (Fig. 4). In 2015, results indicated sig-
nificantly higher peak abundance in the HSR compared to the LSR 
once-over (265%, F1,104 = 14.87, P = 0.0002), LSR twice-over (120%, 
F1,104  =  6.02, P  =  0.0158), and the CONT (328%, F1,104  =  16.38, 
P < 0.0001) (Fig. 4).

Species Richness
Average species richness under different grazing treatments at the 
BBR is shown in Fig. 5. All treatments over both years were sig-
nificantly higher than the NG treatment, except for the CONT 
in 2014 (Fig. 5). In both years, species richness in the HSR was 
significantly higher than the LSR once-over (70%, F1,5  =  17.53, 
P = 0.0086 in 2014 and 91%, F1,5 = 19.26, P = 0.0071 in 2015), 
the LSR twice-over (70%, F1,5  =  17.53, P  =  0.0086 in 2014 
and 61%, F1,5  =  12.32, P  =  0.0171 in 2015), and the CONT 
(89%, F1,5 = 22.78, P = 0.0050 in 2014 and 133%, F1,5 = 27.66, 
P = 0.0033 in 2015) (Fig. 5).

Simpson’s Diversity and Evenness
Simpson’s diversity and evenness calculated at the BBR are shown 
in Figs.  6 and 7, respectively. The Simpson’s diversity indexes 
were similar for all rotationally grazed treatments in both years 
(Fig. 6). However, the Simpson’s diversity indexes were significantly 

Table 2. Percent abundance of dung beetle (Coleoptera: Scara-
baeoidea) species collected at Barta Brothers Ranch (BBR), Brown 
County Ranch (BCR) in meadow and upland, and Rock County 
Ranch (RCR) in 2014 and 2015 in the Nebraska Sandhills

Species 2014 2015 Average

BBR

Onthophagus hecate (Panzer) 36.58 52.05 44.32
Diapterna pinguella (Brown) 41.45 23.87 32.66
Onthophagus pennsylvanicus Harold 5.53 13.95 9.74
Aphodius rusicola Haldeman 8.82 1.53 5.18
Ataenius spretulus (Haldeman) 5.13 3.75 4.44
Onthophagus orpheus pseudorpheus 

Howden and Cartwright
0.92 1.87 1.39

Aphodius fimetarius (Linnaeus) 0.53 1.04 0.79
Aphodius rubeolus Palisot de Beauvois 0.39 0.76 0.58
Aphodius haemorrhoidalis (Linnaeus) 0.26 0.76 0.51
Geotrupes opacus Haldeman − 0.21 0.11
Melanocanthon nigricornis (Say) − 0.14 0.07
Aphodius gordoni Ratcliffe 0.13 − 0.06
Ataenius imbricatus (Melsheimer) 0.13 − 0.06
Canthon pilularius (Linnaeus) 0.13 − 0.06
Bolbocerosoma bruneri Dawson and 

McColloch
− 0.07 0.03

 BCR meadow

Diapterna pinguella (Brown) 39.60 42.75 41.18
Onthophagus hecate (Panzer) 44.16 36.62 40.39
Onthophagus pennsylvanicus Harold 3.81 14.31 9.06
Aphodius rusicola Haldeman 9.90 1.49 5.69
Melanocanthon nigricornis (Say) 0.76 1.67 1.22
Geotrupes opacus Haldeman − 2.04 1.02
Ataenius spretulus (Haldeman) 0.51 0.74 0.63
Copris fricator (Fabricius) 0.51 0.19 0.35
Aphodius rubeolus Palisot de Beauvois 0.25 0.19 0.22
Odenteus filicornis (Say) 0.25 − 0.12
Onthophagus orpheus pseudorpheus 

Howden and Cartwright
0.25 − 0.12

 BCR upland 

Onthophagus pennsylvanicus Harold 28.36 43.46 35.91
Onthophagus hecate (Panzer) 32.84 35.05 33.95
Canthon ebenus (Say) 29.85 7.01 18.43
Geotrupes opacus Haldeman − 6.54 3.27
Melanocanthon nigricornis (Say) 4.48 1.64 3.06
Onthophagus orpheus pseudorpheus 

Howden and Cartwright
1.49 1.87 1.68

Aphodius rubeolus Palisot de Beauvois 1.49 1.64 1.57
Aphodius rusicola Haldeman 1.49 0.23 0.86
Canthon pilularius (Linnaeus) − 1.17 0.59
Aphodius haemorrhoidalis (Linnaeus) − 0.93 0.46
Copris fricator (Fabricius) − 0.23 0.11
Phanaeus vindex MacLeay − 0.23 0.11

 RCR

Onthophagus hecate (Panzer) 57.09
Ataenius spretulus (Haldeman) 13.12   
Diapterna pinguella (Brown) 13.12   
Aphodius rusicola Haldeman 10.99   
Onthophagus pennylvanicus Harold 3.01   
Aphodius fimetarius (Linnaeus) 0.71   
Bolbocerosoma bruneri Dawson  

and McColloch
0.71   

Aphodius rubeolus Palisot de Beauvois 0.35   
Aphodius erraticus (Linnaeus) 0.18   
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lower under the CONT compared to the HSR (52%, F1,5 = 10.19, 
P = 0.0242 in 2014 and 45% F1,5 = 7.74, P = 0.0388 in 2015), the 
LSR once-over (51%, F1,5  =  9.31, P  =  0.0284 in 2014 and 48%, 
F1,5  =  9.42, P  =  0.0278 in 2015), and the LSR twice-over (49%, 
F1,5 = 8.22, P = 0.0351 in 2014 and 44%, F1,5 = 6.91, P = 0.0466 
in 2015) (Fig. 6). No significant differences were observed between 
CONT and NG treatments either year (P  =  0.9702 in 2014 and 
P = 0.9993 in 2015) (Fig. 6). The Simpson’s evenness values were 
similar among grazing treatments in 2014 (Fig. 7). In 2015, how-
ever, the NG had significantly higher evenness compared to the HSR 
(221%, F1,5 = 25.60, P = 0.0039), LSR once-over (84%, F1,5 = 11.26, 
P = 0.0202), LSR twice-over (150%, F1,5 = 19.39, P = 0.0070), as 
well as the CONT (240%, F1,5 = 26.92, P = 0.0035) (Fig. 7).

Discussion

Preserving and, more importantly, facilitating the increased prolif-
eration of dung beetle populations continue to be areas of ongoing 
concern among insect ecologists as well as the ranching communi-
ties around the world (Barbero et al. 1999, Hutton and Giller 2003, 
Tonelli et al. 2019). This is due to the ecosystem services that these 
beetles provide to cattle-grazed rangelands (Nichols et  al. 2008, 
Slade et  al. 2016). However, populations of these critical beetles 
have continued to decline in recent years due to changes in agri-
cultural practices, habitat loss, and insecticide usage (Hutton and 
Giller 2003, Slade et al. 2016). The dung beetle’s role in preserving 
ecosystem resilience has made their conservation an increasingly 

Fig. 4. Mean peak abundance of dung beetles (Coleoptera: Scarabaeoidea) collected in 2014 and 2015 at Barta Brothers Ranch. Treatments are high-stocking 
rotational grazing (HSR), low-stocking rotational grazing with once-over (LSR once-over) and twice-over (LSR twice-over), continuous grazing (CONT), and no 
grazing (NG). Letters indicate significance in treatments (P < 0.05). Means with the same letters are not significantly different. Vertical bars indicate SEs of the 
means.

Fig. 3. Accumulation curves of dung beetle (Coleoptera: Scarabaeoidea) species that were collected at the Barta Brothers Ranch (A), Rock County Ranch (B), 
and Brown County Ranch meadow (C) and upland (D) in 2014 and 2015. Interpolation (rarefaction) and extrapolation with 95% CIs. The gray line represents the 
species observed.
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important research agenda (Barbero et al. 1999, Scholtz et al. 2009), 
especially in context to maintaining healthy rangelands that sustain 
livestock production.

The total number of dung beetles in our experiment were lower 
than what was reported in previous studies conducted in Nebraska 
(Jameson 1989, Whipple and Hoback 2012), and nationwide 
(Tonelli et al. 2017, Perrina et al. 2020). The total number of dung 
beetles collected can vary from one study to another depending 
on soil type, environmental conditions, dung source, vegetation, 
grazing management practices, and timing and duration of sampling 
events. For example, Osberg et al. (1994) reported that differences 
in soil type caused differences in dung beetle abundance, which was 
attributed to the sensitivity of several species to water holding cap-
acity. Sampling was done when part of the grazing season was dry 

during late June to September of 2014 and 2015, which may corres-
pond with a period of lower dung beetle activity. Domínguez et al. 
(2015) reported that dry environments with little rainfall and high 
temperature can lead to lower total number of dung beetles. A study 
conducted in Mexico reported that approximately 73% of the total 
number of dung beetles were captured in October compared to both 
July and September (Anduaga 2004). Furthermore, the number of 
dung beetles collected in this study varied between years, which may 
be due to differences in the duration and time of sampling (Fig. 2). 
Also, any differences in soil temperature and soil water content may 
result in differences in the number of dung beetles collected between 
these 2 yr (Osberg et al. 1994). Previous measurements at the same 
experimental site in 2014 and 2015 concluded that soil moisture 
and temperature varied between these 2 yr (Evans et al., 2019a).

Fig. 5. Species richness of dung beetles (Coleoptera: Scarabaeoidea) collected at the Barta Brothers Ranch in 2014 and 2015. Treatments are high-stocking 
rotational grazing (HSR), low-stocking rotational grazing with once-over (LSR once-over) and twice-over (LSR twice-over), continuous grazing (CONT), and no 
grazing (NG). Letters indicate significance in treatments (P < 0.05). Means with the same letters are not significantly different. Vertical bars indicate SEs of the 
means.

Fig. 6. Simpson’s diversity of dung beetles (Coleoptera: Scarabaeoidea) collected at Barta Brothers Ranch in 2014 and 2015. High-stocking rotational grazing 
(HSR), low-stocking rotational grazing with once-over (LSR once-over) and twice-over (LSR twice-over), continuous grazing (CONT), and no grazing (NG). Letters 
indicate significance in treatments (P < 0.05). Means with the same letters are not significantly different. Vertical bars indicate SEs of the means.

Fig. 7. Simpson’s evenness of dung beetles (Coleoptera: Scarabaeoidea) collected at Barta Brothers Ranch in 2014 and 2015. High-stocking rotational grazing 
(HSR), low-stocking rotational grazing with once-over (LSR once-over) and twice-over (LSR twice-over), continuous grazing (CONT), and no grazing (NG). Letters 
indicate significance in treatments (P < 0.05). Means with the same letters are not significantly different. Vertical bars indicate SEs of the means.
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The dynamics of a naturally occurring community typically 
consists of a few common species and a few rare species, with the 
majority being the moderately abundant species (McCabe 2011). 
Even though numerous dung beetle species were collected over the 
duration of this study, our abundance curves reveal that we likely 
captured only the common and moderately abundant species in the 
community (Fig. 3). If sampling efforts had been doubled or even 
tripled, several rare species of dung beetles may have been captured. 
Our results can be attributed to the small amount of time over which 
the community was sampled. However, despite this limitation, the 
data reveal the dominant species within these dung beetle communi-
ties. This result proves useful as the dominant species will likely have 
the largest role in dung decomposition.

It is important to understand that different dung beetle species 
have varying contributions when it comes to dung decomposition. 
In general, dung beetles can be categorized into three different guilds 
based on their nesting behavior. These guilds are endocoprids, par-
acoprids, and telecoprids, also commonly referred to as dwellers, 
tunnelers, and rollers (Hanski and Cambefort 1991, Simmons and 
Ridsdill-Smith 2011). In short, dwellers nest within dung pats, tun-
nelers nest in burrows in the soil underneath dung pats, and rollers 
nest in balls of dung that are formed from the dung pats and buried 
underground some distance away from the original source (Hanski 
and Cambefort 1991). Species from all three guilds were captured in 
this study. Tunnelers were the dominant group, with Onthophagus 
hecate (Panzer)  and Onthophagus pennsylvanicus Harold  being 
among the most abundant species at all three ranches (Table 2). As 
a result, we can infer that the dung is not only being decomposed on 
the surface by dwellers, but is also being directly incorporated into 
the soil through the activity of tunnelers as well as rollers.

This study provides additional evidence that some grazing 
practices may be favorable for the colonization of dung beetles 
when compared to others. More specifically, higher peak abun-
dance and species richness of dung beetles under grazed treat-
ment compared to NG treatment at the BBR were reported in 
both years of this study. These results support past research that 
grazing abandonment can have negative effects on dung beetle 
communities due to their dependency on dung for food and 
habitat (Nichols et al. 2009, Treitler et al. 2017). Similarly, Tonelli 
et al. (2017) reported that dung beetle abundance was higher for 
moderate grazing intensity compared to low grazing intensity. 
However, Correa et  al. (2019) reported that cattle grazing with 
stocking rates of 0.5–1.0 AU/ha for at least 70 yr did not affect the 
species richness and abundance of dung beetles compared to plots 
without grazing, suggesting that the effect of grazing on dung 
beetle communities may vary depending on the location, grazing 
history and management.

The high peak abundance and species richness of dung bee-
tles associated with rotational grazing at high stocking density 
(i.e., ~500 AU/ha) observed in this study could be due to an in-
crease in the concentration and dispersal of dung pats throughout 
the pasture (Richards and Wolton 1976, Whipple 2011). A larger 
herd and the resulting increase in dung deposition could be the 
most influential grazing strategy for attracting dung beetles. Since 
dung beetles are attracted to dung primarily by odor, higher 
stocking densities may favor their colonization (Dormont et  al. 
2004). However, Sliwinski et al. (2019) reported that using rota-
tional and continuous grazing systems on private ranches in the 
Sandhills rangeland did not affect biodiversity (vegetation struc-
ture and bird abundance), a reason that was attributed to the fact 
that the goal of many ranchers using different grazing systems 

is to maximize beef production, not to increase biodiversity and 
ecosystem services.

As Verdú et al. (2007) reported, grazing affects vegetation struc-
ture, thus influencing the diversity of dung beetles compared to no 
graze areas. Furthermore, livestock grazing can affect the compos-
ition of the vegetation (Alemu et  al. 2019), and potentially affect 
dung beetle diversity. Rotational grazing includes periods with no 
livestock grazing that can positively impact vegetation variability 
(Teague et al. 2004). Differences in vegetation type can influence the 
microclimate surrounding the dung pats; therefore, vegetation diver-
sity can offer different habitats, thereby promoting beetle diversity 
(Romero-Alcaraz et al. 2000).

The similarity in Simpson’s diversity among our rotational 
grazing treatments contrasts, with the HSR showing greater abun-
dance and more species richness than the LSR treatments. The rela-
tive evenness of species may play a role because Simpson’s evenness 
appeared lower, although not significant, in the HSR. The relation-
ship between Simpson’s evenness and diversity allows the lower 
evenness in the HSR to bring the diversity index value closer to that 
of the LSR treatments (Magurran and McGill 2011). The reasons 
for higher Simpson’s evenness under NG compared to other treat-
ments are likely due to very low dung beetle abundance and species 
richness. Research involving a larger sample size is needed to ex-
plain the mechanistic reasons for the impact of grazing treatment on 
Simpson’s evenness.

The results of this study may give ranchers and other pastureland 
owners valuable insight into how they can graze their livestock and 
at the same time promote dung beetle populations. Much research 
has suggested the benefits of dung beetles as they provide multiple 
essential ecosystem services (Nichols et al. 2008, Slade et al. 2016, 
Perrin et al. 2020). Furthermore, dung beetle activity can contribute 
to the suppression of dung-breeding livestock pests, including flies, 
parasitic nematodes, and protozoa (Byford et al. 1992). By quickly 
breaking down dung pats, dung beetles can disrupt the life cycles of 
developing pests and help reduce management costs associated with 
livestock pests (Bryan 1973; Fincher 1973, 1975, 1981). Conserving 
dung beetle populations by implementing rotational grazing prac-
tices could be advantageous by providing improved rangeland health 
in many regions including Nebraska (Barbero et al. 1999).

This study contributes useful information to an important know-
ledge gap regarding the effects of grazing practices on dung beetle 
communities. It has demonstrated that cattle grazing practices can 
affect dung beetle activity on rangelands. Rotational grazing, espe-
cially when integrated with high stocking density, may help enhance 
the dung beetle community by promoting abundance as well as spe-
cies diversity. By implementing rotational grazing practices, dung 
beetle biodiversity might be strengthened to help build and maintain 
more sustainable rangeland and grassland ecosystems.
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Supplementary data are available at Environmental 
Entomology online.
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