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Abstract

Insects associated with carrion are critical to the decomposition process and nutrient cycling in ecosystems. Yet

the communities of insects associated with carrion vary between locations, and detailed case studies are neces-

sary for identifying differences and similarities among contrasting habitats. In this study, we examined temporal

changes in the crawling insect community collected from rabbit carcasses placed in contrasting grassland and

tree habitats in southeastern Australia. We collected 18,400 adult insects, including 22 species of fly, 57 species

of beetle, and 37 species of ant. We found significant effects of habitat type and time, but not their interaction,

on the composition of the entire insect community. Several ant species showed early and rapid colonization

and highest abundances during early stages of decay, including Iridomyrmex purpureus (Smith, 1858) under

trees, and Iridomyrmex rufoniger (Lowne, 1865) and Rhytidoponera metallica (Smith, 1858) in grassland. We

found that most fly species showed highest abundance during active decay, but Chrysomya varipes (Macquart

1851) was more abundant under trees than in grassland during this time. Beetles peaked during active or

advanced decay stages, with Saprinus and Omorgus the most abundant genera. Our study demonstrates that

strong replication of contrasting environmental treatments can reveal new information on habitat preferences

of important carrion insect species. The numerical dominance of ants early in decomposition has

implications for insect community structure via potential competitive interactions with flies, and should be

more rigorously examined in future carrion studies.
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Insects play an important role in the decomposition of vertebrate car-

rion (Payne 1965, Pechal et al. 2014), where they can form extraor-

dinarily diverse and abundant communities (Braack 1987, Merritt

and De Jong 2015). The dynamic transformation of vertebrate car-

rion during decomposition leads to a rapid mass loss and change in

resource quality (Carter et al. 2007, Forbes and Carter 2015), and

this underpins insect community change and succession over the de-

composition process (Schoenly and Reid 1987). Insect succession pat-

terns at carrion have been extensively documented throughout the

world (e.g., Bornemissza 1957, Bourel et al. 1999, Anderson 2009,

Battan Horenstein et al. 2010). Although the process of succession

may be general (Michaud et al. 2015), the details of community

change and species occurrences can depend heavily on the location or

time of year (Voss et al. 2009a, Benbow et al. 2013). It is therefore

useful to quantify the location-specific differences and similarities in

the composition of insect communities associated with carrion.

The major focus of many carrion insect studies has been on flies

(especially, Calliphoridae, Muscidae, and Sarcophagidae), as they

are among the most numerous insects found at carcasses, and the fly

larvae have a primary role in carrion consumption (Payne 1965,

Pechal et al. 2014). However, the communities of organisms at ver-

tebrate carrion comprise a range of taxa that form complex food

webs of microbes, consumers, predators, and parasitoids (Braack

1987, De Jong and Chadwick 1999, Voss et al. 2009b, Pechal and

Benbow 2016). Indeed, significant attention is now being given to

the complex web of organisms that comprise the “necrobiome”

(sensu Benbow et al. 2013, Pechal and Benbow 2016), and the con-

sequences of their interactions for ecosystems (Hawlena et al. 2012,

Barton 2015). Thus, there is value in extending the taxonomic

breadth of carrion studies, and the additional information this can

provide about the ecology of carrion.

A recognized weakness of many carrion studies is the low

statistical replication (Tomberlin et al. 2012, Schoenly et al. 2015),

which can lead to idiosyncratic and highly variable reporting of spe-

cies occurrences. Low replication coupled with the inherent high

variability in species ecology and their colonization of carcasses can

make it difficult to identify general patterns through time or in dif-

ferent habitats. Although such case studies might be useful from a
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medico-legal perspective (Byrd and Castner 2009), poor replication

can preclude statistical modeling of dynamic species occurrences im-

portant for broader understanding of carrion ecology. Often this

shortcoming can be compounded by poor quantitative approaches;

for example, presence/absence data may potentially lead to very dif-

ferent conclusions than from abundance data. Good replication,

standardized sampling, quantitative data, and properly designed ex-

periments are critical to gain stronger ecological understanding of

carrion insect communities, and to develop knowledge applicable to

other biomes (Schoenly et al. 2015).

Here, we describe a well-replicated experiment incorporating two

contrasting habitat types, and present a detailed analysis of the flies,

beetles, and ants associated with the decomposition of carrion in a

grassy woodland landscape in southeastern Australia. We asked the

following questions: 1) What effect does habitat type and time have

on insect community diversity and composition? 2) What effect does

habitat type and time have on important individual species? Our

study builds on other Australian studies of carrion insect commun-

ities, such as early studies by Fuller (1934) and Bornemissza (1957),

by using stronger replication and modern analytical techniques. Our

findings also build on more recent studies (e.g. Archer and Elgar

2003a, Lang et al. 2006, Kavazos and Wallman 2012, Barton et al.

2014) by presenting new detailed temporal occurrence patterns and

habitat associations for species from three different insect Orders.

Materials and Methods

Study Area and Experimental Design
We conducted our experiment in the Mulligans Flat Woodland

Sanctuary—a grassy eucalypt woodland reserve located 15 km from

the city of Canberra, southeastern Australia (35.165� S, 149.171� E;

Shorthouse et al. 2012). The study area is characterized by areas of

open grassland dominated by native perennials (Themeda australis,

Aristida spp., and Rytidosperma spp.) and is interspersed with stands

of yellow box (Eucalyptus melliodora), red gum (Eucalyptus blake-

lyi), and red stringy bark (Eucalyptus macrorhyncha) trees (Barton

et al. 2016). We selected 18 sites to place the carcasses—nine in open

grassland and nine under large trees. Tree sites were defined by hav-

ing an obvious overstory canopy with continuous leaf litter on the

ground, and were typically part of a larger stand of trees comprising a

mix of yellow box and red gum eucalypts. Grassland sites were

defined by having continuous grass layer dominated by native peren-

nial species, and were typically >80 m from the nearest tree.

Carcass Decomposition and Temperature
We deployed a rabbit (Oryctolagus cuniculus (L., 1958)) carcass at

each site (n¼18). Rabbits were obtained from routine pest shooting

operations conducted by officers of the Australian Capital Territory

(ACT) government. Only intact carcasses were used (average

mass¼1,750 g), and were stored, bagged, and frozen until needed.

Prior to deployment, carcasses were allowed to thaw for 48 h in a re-

frigerator. In the field, each carcass was placed inside a small cage-like

structure to prevent scavenging by foxes and ravens. Each structure

had a roof made from a white plastic sheet that provided shade

through the middle of the day, thus reducing direct sun exposure and

temperature extremes. The study was conducted during the Australian

summer from the 10th to the 22nd of January 2016. We recorded

hourly temperatures using data loggers placed at each carcass for the

duration of the experiment. We summed the hourly temperatures re-

corded over the 12-d period of the study (i.e., 288 h), and then divided

by 24 to derive an accumulated-degree-day (ADD) value for each

carcass. Qualitative observation of carcass decomposition was con-

ducted with reference to “stages” described by Payne (1965), although

we do acknowledge that such stages are somewhat subjective and can

differ between animal models (Schoenly and Reid 1987). We therefore

describe decomposition stages in terms of ADD and days elapsed to

give a more objective and comparable overview of decomposition.

Insect Sampling
We sampled crawling insects using a single pitfall trap placed immedi-

ately adjacent to the abdomen of each rabbit, with each rabbit ran-

domly positioned at each site. Pitfall traps have been shown to be

very efficient at collecting actively crawling insects abundant at car-

casses (Barton et al. 2013). Traps were �250 ml in volume (8 cm in

diameter), and were half-filled with a polyethylene glycol and ethanol

solution. Trap contents were collected on days 1, 2, 3, 4, 6, 8, 10, and

12 following the deployment of the carcasses and traps were replaced

each time with new clean traps. Only adult insects were considered in

this study, and we acknowledge the bias of pitfall traps toward active

and crawling insects. However, we also note the equal sampling effort

and good replication among carcasses, thus making our comparisons

between habitat types and over time robust. We removed all insects

from every sample, and then counted and assigned all ants, beetles,

and flies to species or “morphospecies” (sensu Oliver and Beattie

1996). We established a reference collection and identified specimens

using appropriate keys (Matthews 1982, 1984; Andersen 1991,

Commonwealth Scientific and Industrial Research Organization

[CSIRO] 1991, Shattuck 1999, Wallman 2001, Kavazos et al. 2011)

and with the assistance of taxonomists at the Australian Museum,

Sydney, and the Australian National Insect Collection, Canberra.

Data Analysis
What Effect Does Habitat Type and Time Have on Insect

Community Diversity and Composition?

To answer this question, we first used a two-way permutation-based

multivariate analysis of variance (PERMANOVA, Anderson 2001),

and fitted habitat type (two levels: Grassland and Tree) and time

(eight levels: Days 1, 2, 3, 4, 6, 8, 10, and 12) as fixed factors. To re-

duce the influence of very rare or abundant species, we excluded all

species with<10 individuals collected, and fourth-root transformed

our abundance data (McCune and Grace 2002). We used the Bray-

Curtis dissimilarity metric, and significance was determined from

pseudo-F values derived from 999 permutations of the data

(McCune and Mefford 2011). We examined the relative contribu-

tion of each Order (Diptera, Coleoptera, Hymenoptera: Formicidae)

to the whole community by plotting their abundance and species

richness as a percentage of the total. We next used generalized linear

mixed models (GLMMs) to quantify the effects of time, habitat

type, and their interaction, on the species richness and abundance of

each Order separately. For these analyses, we fitted habitat type and

time as fixed effects, site as a random effect, and used a quasi-

Poisson error distribution (to account for potential overdispersion)

with logarithmic link function (VSN International Ltd. 2016).

What Effect Does Habitat Type and Time Have

on Important Individual Species?

To answer this question, we again used GLMMs, but instead

modeled the effects of habitat and time on the abundance of import-

ant individual species from each insect group. We chose to model

species that were very abundant or have known important associ-

ations with carrion (Fuller 1934, Wallman 2001, Barton et al.

2013). Model parameters were the same as those used to model
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richness and abundance of insect groups described above. For this

question, we make multiple comparisons across several species and

there is an inflated risk of Type I error. Rather than applying correc-

tions for multiple comparisons (e.g., a Bonferroni correction to P-

values), we have emphasized only highly significant results and large

differences across treatments.

Results

Carcass Decomposition
Decomposition of rabbit carcasses progressed rapidly over the 12 d

of the experiment. Daily inspection of the 18 carcasses revealed four

qualitative “stages” of decomposition. These included fresh (day 1),

bloat (day 2), active decay (days 3–6), and advanced decay stages

(days 7–12). The experiment was terminated at the onset of dry

decay and prior to skeletonization of carcasses. The average tempera-

ture over the duration of the experiment was 25 �C, with a range of

9.2–42 �C. Notable were the slightly more extreme minimum and

maximum temperatures recorded in the grassland (8.6–44.5 �C) com-

pared with the tree habitat (9.9–40.9 �C), which resulted in a slightly

higher ADD for grassland.

What Effect Does Habitat Type and Time Have on Insect

Community Diversity and Composition?
We collected a total of 18,400 insects, including 22 species of flies

(Diptera), 57 species of beetles (Coleoptera), and 37 species of ants

(Hymenoptera: Formicidae), from the 18 rabbit carcasses over the

duration of the experiment. Permutation-based multivariate analysis

of variance revealed a significant effect of both habitat type (pseudo-

F¼45.0, P<0.001) and time (pseudo-F¼9.14, P<0.001) on over-

all assemblage composition, but no interaction between these factors

(pseudo-F¼1.05, P¼0.382). This indicates that the insect commu-

nity differed between habitat types for the entire duration of the ex-

periment. The relative abundance of each insect group changed over

time (Fig. 1a). Ants were numerically dominant during day one of

decomposition relative to flies and beetles, but subsequently

declined to constitute �30–50% of the total number of insects by

day 12. In contrast, beetles comprised>50% of insects from days 6–

10. Numbers of adult flies had their largest contribution (25–35%)

during days 2–4. Relative species richness of the three insect orders

did not change as dramatically as abundance, but ants displayed

higher richness earlier in decomposition, and beetles displayed

higher richness later in decomposition (Fig. 1b).

We found a significant effect of time on the abundance of all three

taxa, as well as an effect on species richness for flies and beetles, but

never an effect of habitat type (Table 1). For flies, the temporal pat-

terns indicated a peak of �60 individuals and five species per trap

during days 3 and 4 of decomposition, half that number by day 6,

and low numbers thereafter (Fig. 2a and b). Beetles peaked in abun-

dance and species richness during day 4, with species richness remain-

ing stable after this time and abundance declining only slightly (Fig.

2c and d). Ant assemblages peaked in abundance during days 1 and

2, with species richness peaking on day 3 (Fig. 2e and f).

What Effect Does Habitat Type and Time Have on

Important Individual Species?
The two most abundant flies were Chrysomya varipes (Macquart,

1851) and Chrysomya rufifacies (Macquart, 1843) (Calliphoridae),

with numbers peaking at 40 and 10 adults (respectively) per carcass

during days 2–4 of decomposition (Fig. 3a and b). Only C. varipes

displayed a significant interactive effect of habitat and time (Table 2),

with nearly twice the abundance under trees than in grassland habitat
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Fig. 1. Relative abundance (a) and species richness (b) of flies, beetles, and ants collected from rabbit carcasses over 12 d of decomposition. Flies shown in dark

gray, beetles in medium gray, and ants in light gray.

Table 1. Summary of GLMMs testing for effects of habitat type and

time on abundance or species richness of flies, beetles, and ants

from rabbit carcasses

Response variable Effect Wald df P

Fly species richness Habitat 0.19 1 0.671

Time 69.53 7 < 0.001

Habitat � time 3.85 7 0.794

Fly abundance Habitat 0.5 1 0.491

Time 70.67 7 < 0.001

Habitat � time 9.24 7 0.247

Beetle species richness Habitat 0.31 1 0.587

Time 168.04 7 < 0.001

Habitat � time 9.97 7 0.203

Beetle abundance Habitat 0.14 1 0.709

Time 75.4 7 < 0.001

Habitat � time 3.55 7 0.827

Ant species richness Habitat 0.01 1 0.938

Time 10.05 7 0.198

Habitat � time 8.67 7 0.288

Ant abundance Habitat 0.95 1 0.345

Time 91.53 7 < 0.001

Habitat � time 2.81 7 0.900

Significant effects are shown in bold.
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during day 3 (Fig. 3a). Also notable was the increase in abundance

of both C. varipes and C. rufifacies from day 10 to day 12, indicat-

ing the emergence of new adults from carcass sites. Other common

fly species included Australophyra rostrata (Robineau-Desvoidy,

1830), Musca domestica L., 1758 (Muscidae), and Sarcophaga

sp1 (Sarcophagidae), which all displayed a significant effect of

time (Table 2), and had highest abundance during days 2–4 (see

Fig. 3c–e).

Fig. 2. Mean (6 SE) abundance and species richness of flies (a, b), beetles (c, d), and ants (e, f) present at small vertebrate carrion in grassy eucalypt woodlands.
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Five beetle species comprised>85% of all beetle individuals,

including Saprinus cyaneus (F., 1775) and Saprinus cupreus

Erichson, 1834 (Histeridae), Acrossidius tasmaniae Hope, 1847

(Scarabaeidae), Ormogus candidus (Harold, 1872) (Trogidae), and

Dermestes maculatus DeGeer, 1774 (Dermestidae). These beetle

species all showed a significant effect of time (Table 2), with clear

patterns of abundance that peaked from day 4 through 10 (Fig.

4a–e). Interestingly, the known carrion specialist Ptomaphila

Fig. 3. Temporal pattern of mean (6 SE) abundance of five species of fly during the decomposition of rabbit carrion placed in grassland and tree litter habitat

types, including (a) Chrysomya varipes, (b) Chrysomya rufifacies, (c) Australophyra rostrata, (d) Musca domestica, and (e) Sarcophaga sp1.
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lacrymosa (Schreibers, 1802) (Silphidae) showed a much weaker

temporal trajectory (Fig. 4f), which contrasted with the strong effect

of time on abundance of the specialist Creophilus erythrocephalus

(F., 1775) (Staphylinidae) (Table 2, Fig. 4g). Only two species of

beetle showed a significant effect of habitat, with Anthicus sp1

(Anthicidae) more abundant in grassland (Fig. 4h) and S. cyaneus

more abundant under trees (Fig. 4a). Anthicus sp1 (Fig 4h) and

Onthophagus pexatus (Fig. 4i) showed characteristics of being

late-successional specialists, although both Omorgus candidus

and Dermestes maculatus also displayed high abundance during

advanced decomposition (Fig. 4d and e).

A significant interactive effect of time and habitat was found for

Iridomyrmex purpureus (Smith 1858) (Formicidae: Dolichoderinae)

and Rhytidoponera metallica (Smith 1858) (Formicidae: Ponerinae)

(Table 2). Iridomyrmex purpureus showed a clear preference for tree

habitat, but abundance was higher during days 1 and 2 of decompos-

ition (Fig. 5a). In contrast, R. metallica preferred grassland habitat,

where its abundance was highest at day 12 (Fig. 5b). A significant ef-

fect of time and habitat, but not their interaction, was found for the

very abundant Iridomyrmex rufoniger (Lowne, 1865) (Table 2, Fig.

5c) that had highest abundance in grassland habitat and during day 1

and 2 of decomposition. We found that Camponotus consobrinus

(Erichson, 1842) (Formicidae: Formicinae) was more abundant under

trees and during day 4 of decomposition (Fig. 5d).

Discussion

We have provided a detailed assessment of the crawling insect fauna

present at small vertebrate carrion in southeastern Australia, and pre-

sent new temporal occurrence patterns and habitat associations not

previously described. Further, our study had a broad taxonomic scope

and has generated new insight into responses of multiple fly, beetle,

and ant species to carrion decay. Our data builds on previous work

done in our study location (Fuller 1934), and from other parts of

southeastern Australia (e.g., O’Flynn 1983, Archer and Elgar 2003a,

Kavazos and Wallman 2012), by using greater replication of carcasses

and testing the effects of habitat variability on the carrion insect com-

munity. These aspects of our study address issues that have been

noted as serious shortcomings of many carrion ecology or forensic

entomology studies (Tomberlin et al. 2012, Schoenly et al. 2015).

Temporal Patterns of Flies, Beetles, and Ants
We found that each of the three insect Orders displayed a different

overall pattern in abundance and richness. Flies showed activity typ-

ical of early successional species, and had highest abundance and

species richness during days 2–4, which coincided with bloat and

active decay stages of decomposition (Payne 1965). Chrysomya was

the most abundant fly genus in our study, and was also found to be

the most abundant in another summer carrion study in an urbanized

environment (Kavazos and Wallman 2012). Our use of pitfall traps

was biased toward ground-active insects and may not have been op-

timal for sampling flies, potentially resulting in fewer flies being col-

lected. Anecdotally, however, we did observe fewer flies at carcasses

during the first day of the experiment, and higher numbers during

days 2–4, and we are confident that the pitfall trap data was an ac-

curate reflection of this. It is possible that early colonization by flies

was influenced by the freezing and thawing process of the rabbit car-

casses, and subsequent odor profile of the carcasses. However, no

studies have demonstrated an effect of carcass freezing and thawing

Table 2. Summary of GLMMs testing for effects of habitat and time

on important species of fly, beetle, and ants

Flies Effect Wald df P

Australophyra

rostrata

Habitat 0.79 1 0.387

Time 53.28 7 < 0.001

Habitat � Time 4.09 7 0.768

Chrysomya varipes Habitat 1.18 1 0.295

Time 44.22 7 < 0.001

Habitat � Time 15.29 7 0.041

Chrysomya rufifacies Habitat 0.23 1 0.638

Time 26.83 7 < 0.001

Habitat � Time 6.01 7 0.542

Sarcophaga sp1 Habitat 0.76 1 0.396

Time 35.98 7 < 0.001

Habitat � Time 5.13 7 0.644

Musca domestica Habitat 1.75 1 0.206

Time 21 7 0.006

Habitat � Time 1.46 7 0.983

Beetles Effect Wald d.f. P

Acrossidius tasmaniae Habitat 1.52 1 0.236

Time 97.07 7 < 0.001

Habitat � Time 3.03 7 0.88

Onthophagus pexatus Habitat 4.42 1 0.051

Time 151.88 7 < 0.001

Habitat � Time 1.19 7 0.991

Ptomaphila

lacrymosa

Habitat 0.14 1 0.714

Time 14.25 7 0.057

Habitat � Time 4.19 7 0.756

Creophilus

erythrocephalus

Habitat 2.51 1 0.132

Time 44.5 7 < 0.001

Habitat � Time 1.25 7 0.989

Anthicus sp1 Habitat 11.59 1 0.003

Time 155.53 7 < 0.001

Habitat � Time 0.2 7 1.000

Dermestes maculatus Habitat 1.05 1 0.319

Time 38.62 7 < 0.001

Habitat � Time 6.26 7 0.513

Omorgus candidus Habitat 4.16 1 0.058

Time 49.74 7 < 0.001

Habitat � Time 2.91 7 0.891

Saprinus cyaneus Habitat 4.97 1 0.039

Time 31.97 7 < 0.001

Habitat � Time 4.67 7 0.699

Saprinus cupreus Habitat 1.01 1 0.329

Time 54.9 7 < 0.001

Habitat � Time 7.15 7 0.420

Ants Effect Wald d.f. P

Camponotus

consobrinus

Habitat 16.04 1 0.001

Time 3.49 7 0.833

Habitat � Time 3.24 7 0.859

Rhytidoponera

metallica

Habitat 12.65 1 0.002

Time 39.12 7 < 0.001

Habitat � Time 17.6 4 0.002

Iridomyrmex

rufoniger

Habitat 20.26 1 < 0.001

Time 101.45 7 < 0.001

Habitat � Time 7.03 7 0.432

Iridomyrmex

purpureus

Habitat 16.76 1 < 0.001

Time 53.39 7 < 0.001

Habitat � Time 53.81 7 < 0.001

Significant effects are shown in bold.
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on flies (Bugajski et al. 2011, Schoenly et al. 2015). Beetles, by com-

parison, peaked in abundance and richness from day 4 or later, coin-

ciding with active or advanced stages of decay. This timing of beetle

activity matches with expectations given their primary role as preda-

tors of fly larvae (e.g., predaceous Creophilus or Saprinus) or scav-

engers on specialist tissues of carcasses (e.g., hair and skin feeding

by Dermestes or Omorgus). These findings of fly and beetle dy-

namics resonates with work from other parts of the world (e.g., De

Jong and Chadwick 1999, Benbow et al. 2013) and highlight the

general process of ecological succession that occurs among these

two dominant taxa at carrion.

A key finding from our study was that ants colonized carcasses

very rapidly, with highest relative abundance during the first day,

coinciding with the fresh or bloat stage of decomposition. Such

rapid colonization of carrion and dominance of the insect fauna by

ants is not commonly reported (Anderson 2015, Merritt and De

Jong 2015). The early presence of ants may have implications of

decomposition dynamics, including the potential suppression of ac-

tivity of other insects. For example, De Jong and Hoback (2006)

found that rat carcasses near nests of Myrmica sp. in a field in

Colorado, USA, were often overrun with ants, and had lower num-

bers of fly larvae. A study in Italy by Bonacci et al. (2011) found

that colonization of pig carcasses by Crematogaster scutellaris

(Olivier, 1791) disrupted blowfly oviposition. In Australia, ants are

a dominant insect group, with some species of Iridomyrmex known

to aggressively defend newly discovered resources (Shattuck 1999,

Gibb and Hochuli 2004). Depending on habitat, we observed

the large Iridomyrmex purpureus or medium-sized Iridomyrmex

Fig. 4. Temporal pattern of mean (6 SE) abundance of nine species of beetle during the decomposition of rabbit carrion placed in grassland and tree litter habitat

types, including (a) Saprinus cyaneus, (b) Saprinus cupreus, (c) Acrossidius tasmaniae, (d) Omorgus candidus, (e) Dermestes maculatus, (f) Ptomapila lacrymosa,

(g) Creophilus erythocephalus, (h) Anthicus sp1, and (i) Onthophagus pexatus.
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rufoniger in very high numbers at several rabbit carcasses during

day one and two of decomposition, but comparatively few flies, sug-

gesting there may be some potentially important competitive or

behavioral interactions among ants and flies at carrion not previ-

ously noted in Australia. The ants may have been attracted to the

moisture present in the carcasses given the hot and dry conditions of

our experiment, but we also observed ants scavenging on the car-

casses directly, as well as preying on fly larvae when they were pre-

sent during the bloat and active decay stages. This agrees with Paula

et al. (2016) who showed that various ant species acted as predators,

omnivores, and necrophages at pig carcasses. It is clear from our

study that ants may have an important role in structuring carrion in-

sect communities, and perhaps the decomposition process. This is a

clear avenue for future research, and requires further investigation

using appropriate exclusion experiments that quantify decompos-

ition and insect community assembly with and without ants present.

Species Indicative of Habitat
Some species of insect showed clear responses to habitat type, des-

pite grassland and tree sites being separated by only hundreds of

meters in our study landscape. Among the flies, we found that

Chrysomya varipes occurred in higher numbers under trees than in

the open grassland during active decay, suggesting this species may

prefer more shaded environments than its congeneric C. rufifacies.

Similarly, the higher abundance of the beetle Saprinus cyaneus under

trees compared with its congeneric S. cupreus, indicates a preference

for more shaded environments during active and advanced decay.

These two examples of fine-scale habitat preference are new discov-

eries for these important carrion species (Archer and Elgar 2003b,

Kavazos and Wallman 2012), but only apply to a window of time

associated with a particular decay stage. Another beetle showing a

clear habitat preference was a species of Anthicus (Anthicidae),

which occurred in higher numbers in grassland during the onset of

Fig. 5. Temporal pattern of mean (6 SE) abundance of four species of ant during the decomposition of rabbit carrion placed in grassland and tree litter habitat

types, including (a) Iridomyrmex purpureus, (b) Rhytidoponera metallica, (c) Iridomyrmex rufoniger, and (d) Camponotus consobrinus.
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dry decomposition. Anthicids are omnivores or saprophages

(Lawrence and Britton 1994), are rarely recorded from carrion, but

are likely to have scavenged on the carcass remains or frass gener-

ated by other insect activity.

Among ants, there were several species that showed habitat pref-

erences, including the well-known meat ant Iridomyrmex purpureus

preferring trees and greenhead ant Rhytidoponera metallica prefer-

ring grassland. These ant species are opportunistic foragers that prey

on insects (Shattuck 1999), which are concentrated in large numbers

at carcasses. The effect of habitat on carrion insects appears to be

stronger for opportunist taxa such as ants or some beetles, rather

than specialist flies, probably because their diet is broader and their

dispersal ability more limited.

In conclusion, we have provided a comprehensive assessment of

the temporal dynamics of the insect community and individual spe-

cies present at small vertebrate carrion in southeastern Australia, ex-

tending the work first presented by Fuller (1934). The temporal

dynamics of flies and beetles largely agreed with expectations, al-

though the early dominance of ants during decomposition was note-

worthy. Further, our study shows that the heterogeneous vegetation

structure of grassy eucalypt woodlands has an influence on the oc-

currence of several species of fly, beetle, and ant associated with car-

rion. This finding suggests that better replicated carrion studies are

able to discover new aspects of the ecology of important carrion spe-

cies. Critically, we have described the important new finding that

ants can dominate carcasses early in decomposition, and influence

the structure of carrion insect communities. This has implications

for parts of the world where invasive ants are presenting new threats

to ecosystems, such as red fire ants, Argentine ants, or yellow crazy

ants (McGlynn 1999, Lindgren et al. 2011). These invasive species

can form large colonies that have the capacity to overwhelm new re-

sources (Tillberg et al. 2007, McNatty et al. 2009). Our finding that

ants can be numerically dominant at a carcass during decomposition

complements studies by Paula et al. (2016) and De Jong and

Hoback (2006), and has implications for colonization by carrion

flies that have a pivotal role in carcass mass loss and nutrient redis-

tribution in ecosystems.
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