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Introduction

Carrion – the remains of dead animals – is a distinct form 
of necromass in ecosystems and supports an important sub-
sect of biodiversity involved with its breakdown and recy-
cling (Barton et al. 2013a; Benbow et al. 2019; Carter et al. 
2007). However, climate and land use changes are altering 
the inputs of carrion to ecosystems around the world (Bar-
ton et al. 2019; Olea et al. 2019). An example of this is the 
increasing frequency and magnitude of animal mass mortal-
ity events (MMEs) occurring around the world as a result of 
climate change and other anthropogenic factors (Barton et 
al. 2022; Fey et al. 2015a).

MMEs can lead to substantial inputs of carrion resources 
in localised areas, with potentially detrimental effects on 
ecosystems and wildlife through altered nutrient and energy 
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Abstract
A diversity of insects can be found at the remains of dead animals (carrion) and they play a vital role in its decomposi-
tion and recycling. An emerging global problem with carrion is animal mass mortality events – the sudden, rapid die-off 
of many animals resulting in a large increase to the localised carrion resource pool. Yet, little is known about how insects 
respond to sudden and large inputs of carrion. We conducted an experiment in a mountainous alpine region of south-
eastern Australia and compared beetle assemblages found at single carcass and mass mortality sites. We also examined 
the effects of vertebrate exclusion, and decomposition stage on beetles. We found 4,774 beetles representing 146 different 
species/morphospecies from 17 families. The most abundant species was Saprinus cyaneus cyaneus (Histeridae), and spe-
cies of Staphylinidae and Silphidae also dominated the fauna, which is typical for necrophilous beetles in Australia. We 
also found a clear temporal change in beetle assemblages, with abundance and richness peaking during the active decay 
stage. We found that beetle abundance was greater at single carcasses than mass mortality sites, possibly as an artifact of 
sampling, and that species richness was similar among these two carcass treatment types. We found no significant effect 
of vertebrate exclusion on beetles, suggesting that large scavengers in the study system may not influence necrophilous 
insect communities around carrion.

Implications for insect conservation: Our study highlights the diversity of beetles that can be found at carrion and 
their similar composition to the fauna found in other areas in the south-east of the Australian continent. Beetles may 
have reduced abundance at mass mortality sites which could affect their ability to contribute to carrion removal relative 
to smaller carrion quantities. Further research is required to quantify the role of other insects in carrion removal under a 
range of natural and mass mortality scenarios.
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flow or increased disease risk (Barton et al. 2022). Mass 
mortality events represent significant inputs of carrion 
resources (Fey et al. 2015a), but it is unclear how biodiver-
sity might respond to MMEs in a range of different ecosys-
tems, or how biodiversity might contribute to the resilience 
of ecosystems and removal of carrion following disturbance 
by MMEs (Barton et al. 2022).

The mountainous region of south-east Australia is an 
ecosystem particularly vulnerable to climate change (Pick-
ering 2007; Worboys et al. 2011), and also contains large 
numbers of pest animals such as invasive deer, pigs and 
horses (Cherubin et al. 2019; Driscoll et al. 2019; Mitch-
ell et al. 2015). These two factors increase the likelihood 
of MMEs through climate-driven mechanisms (e.g., heat 
stress, wildfire, drought) but high intensity culling practices 
aimed at reducing pest animal numbers can also effectively 
simulate an MME.

Our understanding of biodiversity responses to MMEs is 
limited. Smaller volumes of carrion may be able to be pro-
cessed by scavengers and rapidly consumed and dispersed. 
For example, flies have been shown to rapidly accelerate the 
biomass loss at single carrion sites, with colonisation occur-
ring almost immediately (Lashley et al. 2018). This could 
occur at MMEs, and flies have been shown to produce ‘riv-
ers’ of larvae at simulated pig mass mortalities in the USA 
(Lashley et al. 2018). But insect responses in other parts 
of the world are completely unknown. In some contexts, 
large MMEs may overwhelm scavenger animals, including 
insects, resulting in slower decomposition dominated by 
microbes (Barton et al. 2022). MME decomposition could 
lead to carcasses persisting in the landscape for longer peri-
ods of time, and potentially support larger carrion insect 
populations, yet this has not been tested (but see Baruzzi et 
al. 2022; Lashley et al. 2018). Alternatively, insect popula-
tions may not be able to respond quickly enough to large 
carrion quantities but could be sustained over longer time 
frames as the carrion resources sit in the landscape and 
decompose more slowly.

To address this knowledge gap, we conducted a study on 
the responses of beetles to simulated mass mortality events. 
Our aims were (i) to characterise the beetle assemblages 
found at carrion in the alpine and sub-alpine region of Kos-
ciuszko National Park, and (ii) to determine if there are any 
differences in beetle assemblages between single animal 
carcasses and sites simulating an animal mass mortality. We 
also (iii) assessed how beetles responded to the absence of 
vertebrate scavengers, on the basis that vertebrates speed 
up the decomposition of carrion (Devault et al. 2003). This 
would mean that, in the absence of vertebrates, there could 
be a greater amount of carrion biomass left for insect popu-
lations to be sustained for longer. To the best of our knowl-
edge, there have been no previous studies of necrophilous 

beetle assemblages in the Australian alpine and sub-alpine 
region. This region supports a wide variety of faunal com-
munities with a high degree of endemism (Endo et al. 2015; 
Happold 2011). The arthropod fauna in this region is also 
highly diverse, likely including well over 1,000 species 
across 175 families (Green 2002). Beetles associated with 
carrion in south-eastern Australia include species in the 
families Staphylinidae, Histeridae, Scarabaeidae, Silphi-
dae, Trogidae, and Dermestidae, as well other generalist 
groups such as Carabidae and Leiodidae (Barton and Evans 
2017). We predicted that carrion beetle assemblages in the 
study area would be similarly dominated by species from 
these families. Because simulated MMEs represent a larger 
resource, we also predicted they will support higher abun-
dances of beetles, but not necessarily high species richness, 
than single carcasses. We also predicted that there would be 
greater abundance of beetles at vertebrate exclusion sites as 
the absence of vertebrate scavengers would mean that car-
casses are not being consumed or decomposed as quickly, 
resulting in more opportunity for beetles to locate and colo-
nise the carcass. We discuss our findings with consideration 
of biodiversity conservation and management challenges in 
the study area.

Materials and methods

Study area

We conducted our study near Kosciuszko National Park, 
south-eastern Australia between December 2020 and Feb-
ruary 2021. Vegetation across our study area ranged from 
montane forest 1000- 1400  m (moist – wet forests) and 
tableland forest 400-1000 m (dry – moist forests) (Doherty 
et al. 2015). Climate in our study area is characterised by a 
montane climate, an absent dry season with mild summers 
and snowfall in winter at high elevation (Zhu et al. 2020). 
During the study period, the mean daily maximum reached 
25℃ with a mean daily minimum of 13℃ (Bureau of Mete-
orology 2021). Our study sites were located in broadly simi-
lar vegetation types and elevation that contained large open 
clearings in which different treatments were placed.

Study design

Our study design used two locations (Chimney Ridge and 
Waste Point) separated by approximately 21 km, and each 
location hosting 12 plots. The 12 plots together made a 3 × 2 
crossed design of three carcass treatments (no carcass, sin-
gle carcass, mass mortality carcasses) a vertebrate exclu-
sion treatment (exclusion, no exclusion), with two replicates 
of each combination of treatments. Each plot was sampled 
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three times over four weeks (weeks 1, 2, and 4), thus giving 
a full design comprising 2 locations x 12 plots x 3 sample 
times (n = 72).

Carcass treatment details. We established three carcass 
treatments at each of the two locations: (i) a control treat-
ment with no carcass, (ii) a single carcass treatment of a 
single fallow deer (Dama dama), and (iii) a mass mortality 
treatment with approximately 10 large vertebrate carcasses 
of a mix of fallow deer and eastern grey kangaroo (Mac-
ropus giganteus). Each mass mortality plot was 8 m x 8 m 
(Fig. 1) and each single carcass site was 1.8 m x 1.2 m. Deer 
and kangaroo carcasses were obtained from pre-approved 
culls of pest animals conducted by either local landowners 
or contractors employed by NSW National Parks and Wild-
life Service. We sourced both deer and kangaroo carcasses 
to ensure enough carrion biomass was collected to start the 
experiment across all our sites, with both species found 
within our alpine environment study area. The initial weight, 
sex and age class of each carcass was recorded alongside the 
species, wound position, and GPS co-ordinates. Our sites 
were established at positions that we deemed an appropri-
ate compromise between spatial independence and logis-
tical constraints. The mass mortality plots were placed a 
minimum of 50  m from each other to minimise potential 
for interference between treatments while also allowing for 
the transport and placement of large numbers of carcasses. 
The single carcass treatments were established a minimum 
of 100 m from mass mortality plots. We placed each carcass 
in a lateral recumbent position directly on the ground with 
the lethal wound facing upward.

Exclusion treatment details. Each of the three carcass 
treatments was subjected to one of two exclusion treat-
ments: no exclusion (Fig.  1) or with vertebrates excluded 
(Fig. 1). For the vertebrate exclusion, we constructed wire 
cages from temporary fencing and netting around carcasses 
to exclude all vertebrate species including avifauna (e.g., 
red fox (Vulpes vulpes), wedge tailed eagle (Aquila audax), 
little eagle (Hieraaetus morphnoides), crow/raven (Corvus 
spp.), dingo (Canis familiaris dingo), feral pig (Sus scrofa)).

Beetle sampling

We sampled beetles using a pair of pitfall traps in each plot 
and placed adjacent to a carcass – one trap at the head, the 
other trap at the back – to collect ground-active insects. The 
pair of traps at control plots were placed a metre apart. For 
the mass mortality treatments, we placed a pair of pitfall 
traps near multiple carcasses to act as insurance against 
potential interference from vertebrate scavengers. This 
additional sampling at mass mortality plots meant that we 
had unbalanced sampling across our treatments, and this 
dictated our approach to statistical analysis, detailed below. 

Each pitfall trap was half-filled with polypropylene gly-
col, an effective killing solution widely used for its low 
biotoxicity properties (Nakamura et al. 2020). We opened 
pitfall traps for three days during week one (sample time 
1), week two (sample time 2) and week four (sample time 
3) of carcass decomposition. These sample times corre-
sponded to contrasting decay ‘stages’ and encompassed 
fresh > bloat > active (sample 1), active > advanced (sample 
2), and advanced > dry > skeletonisation (sample 3) (sensu 
Payne 1965). Following collection, all adult beetles were 
removed from traps and sorted into individual species/mor-
phospecies (Oliver and Beattie 1996), counted and identi-
fied to family, with some common species also identified 
to genus and species. Identifications were conducted using 
relevant keys (Hangay and Zborowski 2010; Lawrence and 
Slipinski 2013; Matthews 1980, 1982, 1987) and with refer-
ence to other carrion beetle studies from south-eastern Aus-
tralia (Archer 2003; Barton and Evans 2017; Dawson et al. 
2022; Evans et al. 2020).

Data analysis

We had more traps placed out for beetles at our mass mor-
tality sites (2–4 pairs of traps) than other sites (one pair of 
traps only), and we recognised this could bias our data. We 
therefore created two datasets that were appropriate for 
answering our questions – (i) a complete but unbalanced 
dataset, and (ii) a balanced dataset produced by randomly 
selecting a pair of samples from each mass mortality plot to 
combine with samples from our other plots. We conducted 
our analyses of these two datasets as follows: First, we used 
the complete dataset to examine the taxonomic profile of the 
beetle community associate with carrion in our study area. 
To do this we identified the dominant species and families 
of beetles, and also constructed rank-abundance and rank-
richness plots to identify the relative dominance of differ-
ent beetle families. Second, we used the complete dataset 
to compare the species richness of beetles found across our 
carcass treatments. To do this we used species accumulation 
curves to compare species richness relative to (i) sampling 
effort and (ii) number individuals collected. We computed 
observed species richness using the Mau Tau method from 
our samples using 100 randomisations of the data with the 
software EstimateS 9.1 (Colwell 2016). Third, we switched 
to the balanced dataset and used generalised linear mixed 
models (GLMMs) to test for the effects of carcass treatment, 
vertebrate exclusion, and sample time on the abundance and 
species richness of beetles. With this new dataset, however, 
too few beetles were collected from control sites (no car-
cass) to include this treatment in a single full model that 
included all treatment levels and their interactions. There-
fore, we took a two-stage approach by first grouping carcass 
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of mass mortality and instead focusing on the magnitude of 
a general carcass effect relative to the control sites, essen-
tially looking at the ‘hotspot’ effect of carcasses (Barton 
et al. 2013b; Keenan et al. 2018), and how this changes 

treatments into control vs. carcass, pooling our single and 
mass mortality data, and ignoring the potential differences 
between single and mass mortality sites (Model 1). By pool-
ing the carcass treatments we were ignoring potential effects 

Fig. 1  Images of example mass mortality plots used in this study. (Top) 
A combination of fallow deer and eastern grey kangaroo carcasses 
were used to simulate mass mortalities in our plots. (Bottom) Tempo-

rary wire fencing and netting was used to exclude vertebrate scaven-
gers at some mass mortality plots. Images: Stefanie Bonat
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collected and found there was little difference between the 
two carcass treatments (single and mass mortality) the con-
trol sites (Fig. 3b), indicating carcasses host a higher density 
of beetle species but not necessarily a higher richness.

Effects of carcass and exclusion treatments

We first focused on the effects of carcass addition and its 
interaction with vertebrate exclusion and time. We found 
a significant interaction between carcass addition and 
time for both species richness (P = 0.003) and abundance 
(P < 0.001) of beetles, but no effect of exclusion (Table 1). 
There was greater beetle abundance at carcasses compared 
with control sites, and this was greatest during week two 
of our study (Fig. 4). We next focused on the effect of car-
cass type (i.e., single vs. mass mortality), and its interaction 
with vertebrate exclusion and time. We found a significant 
effect of carcass type on species richness (P = 0.005) and 
abundance (P = 0.007) and sampling time on species rich-
ness (P < 0.001) and abundance (P < 0.001), but no effects of 
exclusion or any interactions (Table 1). Notably, abundance 
and species richness was higher at single carcasses than 
mass mortality carcass, and during week 2 of the experi-
ment (Fig. 5).

Discussion

In this study we aimed to first characterise the necrophi-
lous beetle community found in the study area, and to then 
determine if beetle assemblages differed between single car-
casses, simulated mass mortality carcasses, and carcasses 
with vertebrates excluded. We found that the beetle fauna 
included families and key species typically found at carrion 
resources in other locations in south-eastern Australia. We 
also detected some unexpected differences between single 
and mass mortality carcasses, no effect of vertebrate exclu-
sion, as well as a temporal change in the beetle fauna as 
carcasses decayed. Below we discuss these findings in more 
detail and draw together some key implications for insect 
conservation.

The necrophilous beetle fauna

We identified several similarities between our beetle assem-
blages and those reported from other locations in southeast 
Australia. The families Staphylinidae and Histeridae were 
the two most abundant beetle families found at the single 
and mass mortality sites, and these families are commonly 
reported from other carrion studies. For example, Barton and 
Evans (2017), reported high abundances of Staphylinidae 
and Histeridae, particularly S. cyaneus, on rabbit carcasses 

according to vertebrate exclusion or time. Our fixed effects 
in this model were carcass addition (carcass vs. control) x 
vertebrate exclusion (none vs. vertebrate exclusion) x time 
(weeks 1, 2, or 4). Our second step was to exclude control 
sites from our dataset and focus on the two carcass types and 
their interaction with vertebrate exclusion or time (Model 
2). Our fixed effects in this model were carcass type (single 
carcass vs. mass mortality) x exclusion (none vs. vertebrate 
exclusion) x time (weeks 1, 2, or 4). We used a Poisson 
error distribution for species richness models and negative 
binomial distribution for abundance models. We fitted site 
and sample time as random effects to account for spatial 
and temporal dependencies in the data. GLMMs were run 
using GenStat 21 statistical software (VSN International 
Ltd., 2021). We set our alpha level to < 0.05 to test for 
significance.

Results

Taxonomic profile of the necrophilous beetle 
community

We collected a total of 4,774 beetles representing 146 differ-
ent species/morphospecies (hereafter referred to as species) 
from 17 families (see Table S1). In the complete dataset, 
89 beetles were sampled from control sites, 1,820 sampled 
from single carcass sites and 2,865 were sampled from mass 
mortality sites. Staphylinidae was the most abundant fam-
ily representing 54.5% of individual beetles, followed by 
Histeridae (18.9%), Silphidae (5.1%) and Trogidae (4.9%) 
(Fig. 2a). The major families in terms of species richness 
were Staphylinidae with 47 species, followed by Scarabaei-
dae (23 species), Nitidulidae (16 species), and Carabidae (13 
species) (Fig. 2b). The most abundant species collected were 
Saprinus cyaneus cyaneus (711 individuals), an unidentified 
species of Staphylinidae in the tribe Lomechusini (684), and 
the congeners Creophilus erythrocephalus (404) and Cre-
ophilus lanio (379) (Fig. 2c).

Comparing species richness across carcass 
treatments

We used species accumulation curves to compare the num-
ber of beetle species relative to sampling effort (i.e., species 
density) and numbers of individuals collected (i.e., spe-
cies richness) across the carcass treatments. We found that 
single carcass treatments had the highest number of species 
relative to sampling effort (approximately 50 samples), fol-
lowed by mass mortality and then control sites which had 
the fewest species (Fig.  3a). We then re-expressed num-
bers of species as a function of the number of individuals 
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curves, that single carcass treatments had the highest num-
ber of species in relation to sampling effort, followed by 
mass mortality and then control sites, which had the few-
est species. We also found that species richness and abun-
dance was significantly greater at carcass sites than control 
sites regardless of the vertebrate exclusion treatment. It has 
been widely demonstrated that carrion generates biodiver-
sity hotspots (Carter et al. 2007; Barton et al. 2013a). This 
phenomenon can be explained by the cadaver decomposi-
tion island (CDI) concept (sensu Carter et al. 2007), and 
the concentrated biological, chemical and microbial activity 
occurring in and around a carcass during the decomposition 
process. CDIs create a specialist habitat for a range of insect 
taxa including beetles, as demonstrated in this study and 
elsewhere (Barton et al. 2013b), and play an important role 
in supporting biodiversity and nutrient recycling, and gener-
ating heterogeneity in ecosystems (Barton et al. 2013a; van 
Klink et al. 2020).

Mass mortality effects

We found that beetles were more abundant at single car-
casses than mass mortality carcasses, which was unex-
pected. We predicted that mass mortality sites would have 
significantly greater species richness and abundance due to 
greater resource availability, meaning they could support 
more individuals and more species. This prediction was 
based on the theory of island biogeography (MacArthur and 
Wilson 1967), which states that a larger island will have a 
greater number of species than a smaller island. Our study 
did not support this prediction, which raises questions about 
the analogy of carcasses as mini islands, the appropriate-
ness of our sampling, and most importantly if our contrast 
between a single versus mass mortality treatments was large 
enough.

Although there is a rising concern for increasing likeli-
hood of animal mass mortality events (Barton et al. 2022; 
Fey et al. 2015b), such occurrences are rare and unpredict-
able unlike naturally occurring resource pulses (e.g., carrion 
resulting from mass emergence of insects, or large breed-
ing or migration events). One implication of the rarity of 
mass mortality events is that decomposer populations may 
not be equipped to consume and process the sudden and 
large influxes of carrion (Tomberlin et al. 2017). There are 
very few studies of the effect of differing carrion biomass on 
arthropod communities. Those studies that do document the 
effect of carcass size on beetle communities typically focus 
on small carcasses with little variation among them. For 
example, a study by Schoenly and Reid (1983) investigated 
rat carcasses through to rabbit, ranging in size from 14 g to 
2.5 kg. This contrasts with our study that used single deer 
carcasses (average 42  kg body mass) and mass mortality 

in Canberra. In their study, predatory beetles were generally 
more abundant at carcasses than saprophagous species from 
the families Dermestidae, Trogidae, or Silphidae, which 
was also the case in this study. There are also similarities 
between this study and beetle species reported by Dawson 
et al. (2021) occurring on pigs and human cadavers near 
Sydney, notably C. lanio and C. erthycrocephalus, as well 
as S. cyaneus and Ptomaphila lacrymosa. Further, predatory 
beetle species were again reported to be more abundant than 
saprophagous species (Dawson et al. 2021). We also note 
that there was almost equal abundance of the two congener-
ics C. erythrocephalus and C. lanio in our study. These two 
species appear to be morphologically and ecologically simi-
lar yet co-occur widely in southern and eastern Australia 
(Atlas of Living Australia 2022). The study by Dawson et 
al. (2022) found that C. erythrocephalus was more abundant 
than C. lanio, but displayed a later peak in abundance rela-
tive to C. lanio. More detailed analysis of individual species 
of beetle is needed to fully explore co-occurrence patterns 
among species of Creophilus in the study area.

Some beetle species found within our study could be dis-
tinct to the study area. An unidentified Staphylinidae in the 
tribe Lomechusini has not been reported from other studies 
of carrion insects in Australia yet was the most abundant 
staphylinid beetle in our study area. Some of the species 
of dung beetles (Scarabaeidae) we collected may also be 
unique to the area due to their ability to adapt to differ-
ing environmental conditions (Heddle et al. 2021). Dung 
beetles show variation in their behaviour and distribution 
in response to abiotic factors and temperature and species 
occurring in the alpine environment of our study area are 
likely restricted to cooler temperatures (Heddle et al. 2021).

There were several unexpected beetle species not usually 
associated with carrion found in our study, including some 
herbivorous groups. Some species visit the carcass to feed, 
but others will also be attracted to the carrion in search of 
prey, hosts or even habitat (Carter et al. 2007). The stomach 
contents of large herbivores likely attract a range of her-
bivorous beetles, and this may explain the occurrence of 
species of Curculionidae, for example (Barry et al. 2019).

Carcass hotspot effects

Relative to control sites, beetles sampled from carcasses 
were several times more abundant and species rich. This is 
typical for carrion insects, where carcasses provide a focal 
point for beetles (and many other insects) to congregate 
and feed and breed on the rich resources available (Bar-
ton et al. 2013b). We found, through species accumulation 

Fig. 2  (a) Rank abundance (log-scale) and (b) rank richness of beetle 
families, and (c) rank abundance of beetle species with over 100 indi-
viduals collected from carcasses in the Australian Alps
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Table 1  Summary of statistical models testing for the effects of carcass addition and vertebrate exclusion (Model 1, pooling single and MM sites) 
and carcass type and vertebrate exclusion (Model 2, excluding control sites)
MODEL 1 Treatment effects d.f. F P
Species richness Carcass addition 1 48.59 < 0.001

Exclusion of vertebrates 1 0.15 0.708
Sampling time 2 10.88 < 0.001
Carcass addition*exclusion 1 1.29 0.260
Carcass addition*time 2 6.78 0.003
Exclusion*time 2 0.81 0.453
Carcass addition*exclusion*time 2 0.97 0.386

Abundance Carcass addition 1 58.55 < 0.001
Exclusion of vertebrates 1 0.32 0.580
Sampling time 2 17.81 < 0.001
Carcass addition*exclusion 1 0.57 0.456
Carcass addition*time 2 11.75 < 0.001
Exclusion*time 2 2.95 0.065
Carcass addition*exclusion*time 2 1.85 0.171

MODEL 2 Treatment effects d.f. F P
Species richness Carcass type 1 7.82 0.005

Exclusion of vertebrates 1 0.00 0.958
Sampling time 2 17.31 < 0.001
Carcass type*exclusion 1 1.06 0.303
Carcass type*time 2 0.02 0.984
Exclusion*time 2 0.51 0.603
Carcass type*exclusion*time 2 0.81 0.444

Abundance Carcass type 1 8.16 0.007
Exclusion of vertebrates 1 2.32 0.137
Sampling time 2 28.48 < 0.001
Carcass type*exclusion 1 0.04 0.842
Carcass type*time 2 0.08 0.919
Exclusion*time 2 1.55 0.227
Carcass type*exclusion*time 2 1.10 0.345

Fig. 3  Species accumulation curves showing the number of species of beetles sampled from carcass type relative to (A) the number of samples 
collected (i.e., species density), and (B) the number of individuals collected (i.e., species richness)
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hypothesise, therefore, that mass mortality and single car-
casses likely attracted similar numbers of beetles from the 
surrounding area, but beetles were potentially more concen-
trated on single carcass sites due to there being one focal 
carrion resource only. At the mass mortality sites, there were 
10 carcasses for the beetles to colonise which could result 
in the beetles being diluted among a greater number of car-
casses. The net result, therefore, was greater beetle activ-
ity around the pitfall traps at single carcasses, and therefore 
greater captures.

A key finding was the absence of any vertebrate exclu-
sion effect on beetles. Our prediction was that vertebrates 
would speed up the decomposition of carrion (Devault et 
al. 2003), and their absence would lead to higher number of 
beetles due to greater resource availability, particularly at 

loads consisting of 10 carcasses approximating 1,000 kg in 
biomass.

We found there was a greater abundance at single carcass 
sites than that of mass mortality sites. A number of papers 
have speculated that carrion is likely to be dominated by 
invertebrate communities at smaller biomasses as opposed 
to vertebrates (Tomberlin et al. 2017), though there has 
been no previous work to investigate the effect of large 
carrion quantities resulting from mass mortality on beetle 
assemblages, until now. One potential reason for the lower 
abundance and species richness of beetles at mass mortality 
carcass sites might be due to the way we sampled beetles. 
We placed carcasses at mass mortality sites in an area of 
8 m x 8 m whereas single carcass sites were only 1.2 m x 
1 m, yet the same sampling effort was applied to both. We 

Fig. 4  Estimated means (± s.e.) of (A, B) species richness and (C, D) abundance of beetles sampled from control and carcass addition plots with 
no scavenger exclusion or vertebrate scavenger exclusion over time
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of odours reach further across the landscape and attract 
greater numbers of insects. We did not find more beetles at 
mass mortality sites, although it remains unclear how flies 
responded. Another role for odours comes from research 
on volatiles and burying beetles (Coleoptera: Silphidae) 
which found that beetles might be picky in terms of fresh 
or deeply decomposed carrion (Trumbo and Steiger 2020). 
A volatile cue can indicate if a resource is likely too large, 
too maggot-infested, or too damaged for use by a burying 
beetle and can operate as a repellent, saving the beetle the 
energy expense of looking for an unusable resource. Further 
research is needed to investigate how odour might medi-
ate scavenger attraction and decay rates, or potentially be a 

mass mortality sites. Yet we did not find this was the case, 
and this suggests that vertebrates may not play a critical role 
in the consumption of large amounts of carrion in moun-
tainous regions of southeast Australia. Further research 
needs to be conducted to identify the relative contributions 
of insect and vertebrate scavengers to carrion consumption, 
and therefore to broader ecosystem function. (Newsome et 
al. 2021).

A question that stems from our findings involves the role 
of odours in attracting insects from the surrounding envi-
ronment. We expected that larger carrion resources would 
produce greater quantities of odour, although this has not 
been tested. A result of this might be that larger volumes 

Fig. 5  Estimated means (± s.e.) of (A, B) species richness and (C, D) abundance of beetles sampled from single carcass or mass mortality plots 
with no exclusion or vertebrate exclusion over time
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