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A study on dung beetles attracted to carrion using baited pitfalls was conducted in eight Upper Guinean 
wet and moist forest sites as well as one savannah site in Ghana, West Africa. A total of 42 species and 1380 
individuals were collected from all sites. The highest diversity was found in the Shai Hills savannah with 19 
species while the lowest total of only four species was collected in the Cape Three Points forest. The forest 
sites combined had seven unique species while the savannah locality had 12 unique taxa. Most carrion feeders 
belong to the genus Onthophagus; Onthophagus liberianus made up 23% of the total catch and together with 
the next nine most abundant species accounted for 78% of the specimens collected. Two dung beetle tribes 
of African savannah species not noted as carrion feeders were strongly attracted to vertebrate carrion and 
included a member of the Oniticellini, Latodrepanus caelatus (Gerst.) and the Onitini, Onitis cupreus Castelnau. 
Additionally, a forest species of Sisyphini, Neosisyphus angulicollis Felsche, that is uncommon on carrion was 
attracted to carrion in large numbers. For two species, Onthophagus liberianus and O. rufopygus, studied herein 
and previously in the Ivory Coast, the relative attractiveness of carrion and dung in each country varied greatly, 
demonstrating behavioral plasticity in food choice.

INTRODUCTION

Beetles of the subfamily Scarabaeinae are commonly known as dung beetles due to their typical 
specialised habit of coprophagy. However, many species appear to be opportunistic and will 
use alternative food sources, in particular carrion but also fungi and fruit. These resources can 
either be a primary food source and used as both adult and larval brood food or as a secondary or 
supplemental source of nutrition for the adults only (Halffter and Matthews 1966).

Reports of scarabaeines attracted to or feeding on carrion are known from all continents, but for 
many species this food is utilised only if dung is not readily available (Halffter & Matthews 1966). 
Regardless, there are some specialist species and moreover the use of carrion is a relatively common 
alternative food source that has evolved many times, especially within tropical forest species where 
large herbivores are relatively uncommon (Halffter 1991). Notably large animals can still be common 
in some areas of Africa where elephants, buffalo, gorillas, and okapi for example, still exist.

One aspect of the food source for various scarabaeines is the degree of exclusivity. As noted 
by Halffter & Mathews (1966) some species are predominantly coprophagous and occasionally 
necrophagous, other species have no preference, while others are mainly necrophagous, and lastly 
some exclusively use carrion. The preference of carrion for some dung beetles and not just dung 
remaining inside a carcass has also been demonstrated (Stone et al. 2021).

Most traditionally defined tribes of scarabaeines include at least one species that is either solely 
necrophagous or feeds upon both carrion and dung, with the notable exception of the Argentinian 
Eucraniini and the Old World Onitini, where no records of carrion association are known. In the 
Old World, carrion associated records of adults appear to be either rare or generally absent in the 
Gymnopleurini, Onitini, Oniticellini and the Sisyphini (see scattered records for e.g. in Balthasar 1963; 
Cambefort 1991a; Daniel 2020; Davis et al. 2008; Halffter & Matthews 1966; Panin 1957; Vinson 1939).

Within the New World, necrophagous specialist Scarabaeinae that use carrion as larval food are 
relatively abundant and include five tribes and species within nine genera; the Coprini or Ateuchini 
(Pedaridium and Canthidium), Dichotomiini (Uroxys), Canthonini (Canthon and Deltochilum), 
Onthophagini (Onthophagus) and the Phanaeini (Coprophanaeus, Megaphanaeus, and Phanaeus) 
as reported in various studies (e.g. Amézquita & Favila 2011; Favila 2001; Halffter 2003; Halffter & 
Matthews 1966; Hernández et al. 2002; Janzen 1983; Martinez 1959; Moron 1979, 1994; Morone et 
al. 1985; Morone et al. 1986; Silva et al. 2007).

Many other genera in this region, such as Agamopus, Ateuchus, Boreocanthon, Canthonella, 
Copris, Glaphyrocanthon, Malagoniella, Pedaridium, Pseudocanthon, Onthophagus, Trichillum 
and Uroxys, include species that are considered generalists (e.g. Novelo et al. 2006) and will use 
both carrion and dung or are at least attracted to carrion to various degrees (Halffter & Matthews 
1966). There are also reports of eurysternines that are attracted to this food source (Luederwaldt 
1910 [1911], Genier 2009) but no species appear to be carrion feeding specialists. Notably, in a long-
term study in Amazonian Brazil, 34 of the 66 species attracted to dung were also collected using 
carrion bait and no carrion specialists were discovered (Ratcliff 2013).

In contrast, the Old World has only three or likely four genera that are specialist necrophages. The 
Onthophagini have two genera with exclusive carrion feeding species, including taxa in the genus 
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Amietina as well as many species of Onthophagus (Cambefort 
& Walter 1991; Hanski 1983; Hanski & Krikken 1991; Tshikae 
et al. 2008) and the Scarabaeus subgenus Sceliages (Bernon 
1981; Forgie et al. 2002). A record from Tshikae et al. (2008) of 
a Catharsius species may represent a fourth tribe (Coprini) that 
is also a carrion specialist. Most other Old-World taxa showing 
an association with carrion include species of Caccobius, 
Neosisyphus and Sisyphus (Cambefort 1991a; Cambefort & 
Walter 1991). It is unclear though how many individuals were 
found in each case to indicate degree of attraction and whether 
carrion is used as a brood food or just for supplemental adult 
feeding.

The varieties of carrion utilised by necrophagous dung beetles 
are diverse in nature; species will feed upon various vertebrate 
land animals and fish, as well as specialist species that feed 
solely upon dead arthropods (Halffter & Matthews 1966). These 
specialists include species of Onthophagus in both Africa and 
southeast Asia (Hanski & Cambefort 1991; Krell et al. 1997; 
Brühl & Krell 2003) as well as Sceliages (Bernon 1981; Forgie 
et al. 2002). At least one species in the New World, Ateuchus 
histeroides Weber, has been reported to successfully use insect 
carrion for rearing offspring (Young 2006). Two taxa deserve 
mention as they also use animal carcasses as brood food, but 
unique within the dung beetles, as they are carnivores; the New 
World canthonines Deltochilum valgum Burmeister attacks and 
kills millipedes (Navajas 1950; Larsen et al. 2009) while Canthon 
dives Harold kills and uses reproductive leaf cutter ants (Lichti 
1937; Forti et al. 2012).

When feeding upon carrion, the necrophagous Scarabaeinae 
work in a similar manner as their coprophagous relations; 
very small animal corpses can be rolled away or buried whole 
and utilised for food or breeding, while larger corpses can be 
disassembled and turned into a food or brood ball before being 
rolled away and buried (Hanski 1987). This consumption, 
dispersal and burial, of carrion serves purposes similar to that 
of dung use; in clearing an area of carrion, the beetles return 
essential nutrients to the soil and simultaneously reduce the 
number of potentially pathogenic species in the area by depriving 
them of a place to breed (Hanski 1987). Hence dung beetles 
feeding on both dung and carrion are extremely beneficial to the 
environment through their contributions, especially through 
the burial of their food, which has the potential to increase the 
return of nitrogen to soil by as much as four times, significantly 
improving the quality of soil for plant growth. In addition, it has 
been suggested that changes in dung beetle populations could 
have rippling effects that impact the population sizes of various 
dung and carrion breeding flies and parasites, thus altering the 
rest of the ecosystem through changes in disease and parasite 
prevalence (Klein 1989).

The dung beetles in Africa which are attracted to vertebrate 
carrion have been studied mainly in the drier regions of 
southern Africa (e.g. Davis 1994; Tshikae et al. 2008), North 
Africa (Hegazi et al. 1991) as well as savannah sites in West 
Africa (Cambefort 1991b). Studies in the moist or wet forests are 
fewer but have been done in the Tai National Park, Ivory Coast 
(Cambefort 1985, 1991) and at the Makokou Research Station in 
Gabon (Cambefort & Walter 1981, 1991). Therefore, the primary 
goal of this study is to further our limited knowledge on the 
dung beetle species attracted to vertebrate carrion in the Upper 
Guinean forests and also compare this fauna to a savannah 
habitat within Ghana, West Africa. In particular, this study 
enables the comparison of different protected areas of forest 
to indicate the level of threat from bush meat hunting. Lastly, 
this is a record of the diversity found in these rapidly shrinking 
forests and the data herein can be used to monitor future species 
changes; unfortunately, the dung beetle diversity in this region 
likely will become significantly more depauperate in the future.

MATERIALS AND METHODS

Study Sites

The West African Upper Guinean Forest is one of the 
biodiversity hotspots in the world and one of only five in Africa 
(Myers et al. 2000, Mittermier et al. 2011). Further, these forests 
can be considered the most fragmented rainforests in the 
world (Minnemayer 2002). The Guinean Forest historically 
was extensive, but the current amount of intact and disturbed 
forest remaining is now dramatically low (Figure S1). While 
field work in the southern half of Ghana was the primary survey 
goal, the savannah extension (Dahomey Gap) from the north 
to the southern coast in the southeast was an obvious and easy 
addition and a useful comparison. The Shai Hills Reserve is 
part of this extension from the north that separates the Upper 
Guinean Forest into a western and eastern block. Notably, there 
is a rainfall gradient from SW to NE from true wet evergreen 
forest (Ankasa and Cape Three Points), through moist forest to 
semi-deciduous forest zones found in all other sites.

Sampling took place in nine localities (Figure 1, Table S1) in 
the wet to moist and semideciduous Guinean Forest located 
primarily in the southcentral and southwestern part of Ghana 
as well as the Volta region (Tagbo) and in the Shai Hills in a 
location of primarily savannah near one of the more thickly 
forested hills. This mainly open savannah site consists of 
scattered scrub or low stature trees mainly of non-native Neem 
(Azadirachta indica A. Juss). All collections occurred once in 
each site during the primary rainy season in June or July over a 
period of three years from 2005–2007. Dung baited pitfalls using 
pig, cow, and human dung (10 of each with approximately 28 g of 
dung/trap) were also set at the same time and used in some cases 
for comparisons of species capture rates.

Each pitfall trap consisted of a square-shaped 474 ml plastic 

Figure 1. The nine localities sampled during the study. 1 = Bobiri, 2 = 
Tagbo, 3 = Cape Three Points, 4 = Kakum, 5 = Atewa, 6 = Worobong, 7 
= Shai Hills, 8 = Ankasa, and 9 = Bia. The single savannah habitat is in 
the Shai Hills while the others are in wet evergreen and moist or semi-
deciduous Guinean forest.
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container sunk in the substrate so that the top edge was level 
with the soil. Water with a small amount of liquid dish soap (to 
act as a surfactant) was added to each container up to about 6 
cm in depth to make sure all beetles attracted to the bait were 
captured. Bait consisted of one large-sized full chicken wing that 
was left at room temperature for approximately two days until 
there was a strong odour of decay. The wing was then wrapped 
in a layer of cheesecloth and then hung by string in the middle of 
a square piece of wire mesh (hardware cloth) with approximately 
6.45 cm square holes separating the mesh wire in a grid pattern. 
The hardware cloth was staked down at each corner with the bait 
suspended within the plastic trap container. At each site, four 
traps were set in a grid pattern with each trap separated by a 
minimum of at least 50 m to avoid pseudo-replication or trap 
interference. Traps were set for 48 hours after which specimens 
were collected and stored in ethanol.

Data analysis

Data were entered into an Excel matrix with the four samples 
for each site and the number of each species. Diversity indices 
and rarefaction or species accumulation curves were produced 
using Estimate S (Colwell 2013 and see Colwell et al. 2004). 
PC-ORD version 6.0 software (McCune & Mefford 1999) was 
used to create non-metric multi-dimensional scaling ordination 
plots for site comparisons. The species matrix and dendrogram 
of species occurrence was created by a cluster analysis using the 
Bray-Curtis and group average linking method.

Voucher material is deposited in the TK Philips collection 
(Bowling Green, KY) and the Canadian Museum of Nature 
(Ottawa, ON).

RESULTS

Forty-two species and 1 398 individuals of Scarabaeinae were 
captured in carrion baited pitfalls with an average number 
of species per site of 8.9 ± 4.6 during this study (Table S2). In 
addition to the Scarabaeinae, two species of Trogidae and one 
species of Hybosoridae were collected (data not included in 
the analyses). The majority of species (26 of 42) belong to the 
genus Onthophagus (Figure S2a, S2b). The next most speciose 
genus was Caccobius (three species) and two species each of 
Sisyphus, Diastellopalpus, and Milichus were also trapped. 
Also attracted to carrion were single species in the genera 
Chalconotus, Copris, Latodrepanus, Neosisyphus, Onitis, 
Pseudopedaria, and Tiniocellus. Rank abundance of species 
collected from all forest sites and the Shai Hills savannah is 
shown in Figure S2a while Figure S2b shows rank abundance 
from the forest sites only.

Overall, the highest number of species (19) were collected in 
the Shai Hills savannah site (Figure 2, Table 1). The most diverse 
forest sites were Worobong and Tagbo with 16 and 15 species 
each, respectively. The sites with the lowest species diversity 
were found in Cape Three Points and Bia with only four and five 
species respectively. 

Onthophagus liberianus was the most abundant taxon with 
320 individuals collected or 23% of the total catch (Figure S2a, 
b). Nine additional species of this genus were the next most 
abundant overall and including O. liberianus accounted for 1 079 
or 78% of the individuals collected (Fig. 3a, 3b). Onthophagus 
species alone made up 1 197 of the 1 380 individuals collected or 
over 86% of the total.

For the diversity indices (Table 1), Kakum had the highest 
alpha diversity, Worobong had the highest Simpson invariant 
diversity, and Shai Hills had the highest Shannon diversity. A 
fourth site, Tagbo, was also close in these relatively high diversity 
values found in these three previous sites.

Estimation of total species captured based on the bootstrap 
(Table 2) ranged from a low of 85% in Cape Three Points to a 

maximum of 94% in Ankasa. The estimation with the broadest 
range is seen in the Chao 1, with the estimated percentage of 
species captured ranging from a low of about 67% or 68% in 
Bobiri and Tagbo to a high of 100% in both Ankasa and Bia. 
In contrast, based on species accumulation curves, it is possible 
that not all species attracted to carrion were sampled from any 
single site (Figure S3).

The species shared between sites were generally comparatively 
low. The lowest faunal similarities occurred between Shai Hills 
savannah and any one of the forest sites with no or up to two 
species in common excluding the notable exception of the Tagbo 
site which shared five species. The two most similar sites were 
Ankasa and Atewa which shared six of their seven total species.

For total abundance (Table S2), the Shai Hills sampling 
resulted in 419 individuals collected and Worobong and Tagbo 
had the next highest number with 301 and 261 individuals 
respectively. The ordination plot (Figure 3) distinctly shows the 
forest study sites clustered and isolated from the Shai savannah 
site. Similarly, a dendrogram (Figure 4) shows the similarity 
among some of the forest sites (three primary clades) and the 
isolation of the single savannah site of Shai Hills. The clade of 
Ankasa, Bia, and Cape Three Points may show the influence of 
geography as all are located in southwestern Ghana while the 
sister clade of Atewa and Kakum and the two more distant 

Figure 2. Study sites and species matrix. Species presence at each site 
indicated by a black cell and absence by a white cell

Table 1. Number of species, abundance, and the Alpha, Shannon and 
Simpson Invariant diversity indices listed for each site

Site Species Total 
Abund. Alpha Shannon Simpson 

Invariant
3. Cape  
Three Points 4 17 1.71 0.82 1.71

9. Bia 5 53 1.35 1.25 2.83

8. Ankasa 7 88 1.79 1.22 2.24

5. Atewa 7 99 1.72 1.26 2.71

1. Bobiri 9 104 2.36 1.42 3.14

4. Kakum 12 55 4.73 2.18 7.22

2. Tagbo 15 261 3.46 1.88 3.87

6. Worobong 16 301 3.60 2.21 7.54

7. Shai 19 419 4.10 2.26 7.39

Table 2. Number of species estimated (S(est) = expected number of 
species in t pooled samples), the estimated percentage captured (Chao 1 
and Chao 2), and the bootstrap richness estimator.

Site S(est) Chao 1 (%) Chao 2 (%) Bootstrap (%)
3. Cape  
Three Points 4 68.0 72.7 85.1

9. Bia 5 100 100 93.9

8. Ankasa 7 100 97.4 93.9

5. Atewa 7 77.9 75.7 88.1

1. Bobiri 9 66.9 84.2 89.3

4. Kakum 12 84.4 88.9 88.7

2. Tagbo 15 71.5 71.4 91.7

6. Worobong 16 80.0 84.2 92.0

7. Shai 19 90.5 92.7 92.5
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(Bobiri and Worobong) are all located in south-central Ghana. 
The Tagbo forest, located in extreme east-central Ghana in the 
Volta Region, together with the Worobong site further west, is 
the sister clade to all other forest sites.

The Shai Hills savannah site sampling resulted in the capture 
of 15 individuals of Latodrepanus caelatus, a member of the 
Oniticellini, a tribe that generally has not had any members 
reported as vertebrate carrion feeders. This site also resulted 
in the collection of 27 individuals of Onitis cupreus, an Onitini 
whose members are considered to be strict dung feeders. 
Similarly, a notable record of a forest species of sisyphine, 
Neosisyphus anguilicollis was captured in five of eight forest 
sites and three sites had eight to 11 individuals indicating 
considerable attraction to carrion.

DISCUSSION

Dung beetles for the most part are coprophagous, but there are 
many species that are either strictly necrophagous or use both 
as food sources to various degrees. At the traditional tribal level 
classification (Philips 2008), there are records of necrophagy in 
all groups except for the eucraniines and the onitines. Regarding 
species richness, dung beetle diversity in African forests 
compared to savannahs is often lower. Further, the necrophagous 
species that specialise on vertebrate carrion are thought by some 
to be restricted to forest habitats and largely absent in savannahs 
(e.g. Cambefort & Walter 1981). Hence, when comparing the 
savannah Shai Hills site with those sampled in the Guinean 
forests, it was expected that the former location would have a less 
diverse fauna. However, species attracted to carrion in the Shai 
Hills savannah were the most diverse (19 species) and abundant 
(419 individuals) compared to all forest sites. The presence of 
mammals in the Shai savannah is easily noted, with abundant 
Kob antelope (Kobus kob (Erxleben)) and Chacma Baboons 
(Papio ursinus (Kerr)) in particular.

The rainfall gradient in Ghana reflects the forest types with 
the highest moisture levels in the SW (supporting wet evergreen 
forest) to gradually decreasing levels towards the NE (supporting 

moist evergreen transitioning into fully deciduous forest and then 
savannah). This parallels the geographical trend of similarities 
in species composition between reserves shown especially by the 
dendrogram (Figure 6) with, for example, the four forests in the 
SW clustered together. The ordination plot (Figure 5) also shows 
this species similarity between reserves as well as the general 
gradient in species richness with Cape Three Points, Ankasa, 
and Bia the least diverse in the southwest followed by Kakum, 
Atewa, and Bobiri successively richer to the highest diversity in 
the Worobong and Tagbo forest sites in the northeast. 

The high variability in species richness among the reserves 
probably reflects various levels of disturbance to some degree. 
Cape Three Points and Bia appeared to be pristine habitats but 
the close vicinity of villages and the observations of numerous 
small snares as well as a bush meat hunter observed in the 
former suggest a high degree of pressure on the mammal fauna. 
In contrast, Worobong with some of the highest species diversity 
did have nearby villages but the people there considered monkeys 
sacred and do not hunt them and they were observed during our 
visit. Sadly, Bobiri when first visited by the senior author in 2003 
was thought to have three species of monkey. This site was down 
to two species during a visit in 2006 when the collection for this 
study was done. Further, active logging was taking place during 
this time and some locations were heavily disturbed. During 
a final visit in 2009 the total primate fauna was suggested to 
be limited to a single species (A Boakye, E Adusei, S Boateng, 
pers. comm.) but it is possible there were none left by that time. 
Regardless, few mammals or their signs were observed in most 
of the forested sites during the trapping periods.

The dominance of species in the genus Onthophagus is notable 
with a single taxon alone, O. liberianus, accounting for 23% of 
the total catch. While most taxa sampled belong to tunneling 
clades as is typical in African forests, a few belong to the rolling 
guilds including three Sisyphini in the genera Neosisyphus and 
Sisyphus and one large Canthonini, Chalconotus convexus (Fab.).

The record of Latodrepanus caelatus attracted to vertebrate 
carrion in relatively large numbers may be the first substantial 
record of an oniticelline associated with this food source. 
Sampling indicated a relatively strong attraction to carrion with 
15 individuals from four traps versus 29 individuals in 30 dung 
baited pitfalls trapped during the same visit (Philips pers. obs.). 
In comparison and notably, a study by Cambefort (1985) in an 
Ivory Coast savannah also collected this same species as well as 
three other closely related taxa of Oniticellini (Ixodina Roth, 
Latodrepanus Krikken (note Drepanellus Barbero, Palestrini, 
and Roggero is a recent junior synonym) and Tibiodrepanus 
Krikken) in large numbers (3 804) and no individuals were 
collected with carrion. Additionally, members of the Onitini 
are thought to be strict dung feeders (Davis et al. 2008), but 
27 individuals of Onitis cupreus were collected with carrion 
bait and four traps in the Shai Hills. In comparison, 47 were 
collected during the same visit with 30 dung-baited pitfalls (10 
each of human, cow, and pig) at the same time (Philips pers. 
obs.). Regardless, although there was a strong attraction of these 
species to carrion, it is not clear if any of these records indicate a 
true association defined as when carrion is used as a brood food.

The collecting of Latodrepanus caelatus and Onitis cupreus in 
a savannah habitat is significant as vertebrate carrion feeders in 
the Scarabaeinae are generally known only as forest denizens, 
especially in Africa (Cambefort & Walter 1991). The reason for 
the shift to a broader array of food sources in this savannah 
is unclear. Typically there a negative selective force for use of 
carrion by dung beetles in savannahs due to strong competition 
with vertebrate scavengers. Two species of vultures are known 
in the Shai Hills (Dowsett-Lemaire & Dowsett 2013) while large 
mammal scavengers such as hyenas in this reserve are no longer 
present. Hence this record may represent a shift from dung 

Figure 4. Dendrogram showing similarities between Guinean forest 
sites and the single savannah site of Shai Hills. The Cape Three Points 
site name is abbreviated as ‘Cape Three’ The forest sites appear as three 
distinct clades while the savannah site is the most dissimilar

Figure 3. Ordination plot showing clusters of the forest study sites and 
the isolated Shai savannah site as well as the relative sizes of the sampled 
faunas as indicated by the triangle size
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specialisation to more of a generalist feeder as reported in some 
of the helictopleurines in Madagascar for example (Miraldo et 
al. 2011).

Sisyphines in general are not thought to be strongly attracted 
to carrion (Davis et al. 2008). However, a notable record in this 
study is of a forest sisyphine, Neosisyphus angulicollis, that 
was captured in five of eight forest sites and in relatively large 
numbers in three sites (eight, nine, and 11 individuals). The 
number collected with all dung baits at the same time was higher 
(11, 45, and 232 individuals in the same sites), but those numbers 
notably were from 30 traps. In the Cambefort (1985) study in 
Tai, Ivory Coast, only two individuals of this species were 
collected on carrion versus 76 on dung of various types. In one 
study in an Ivory Coast savannah (Cambefort & Walter 1991), 
744 individuals of Sisyphus seminulum Gerst. were collected on 
carrion but that is, in contrast, to 8 650 collected with dung bait 
or more than 91% of the total. Regardless, the relatively high 
numbers of sisyphines collected with carrion in some cases does 
indicate that this food source as a source of adult supplemental 
feeding at a minimum is being used as an alternative to dung.

Based on the species accumulation curves (Figure S3), the 
sampling effort may not have discovered all species attracted 
to carrion in any area sampled, perhaps due to only using four 
traps at each site. Ratcliffe (2013) in his Amazonian study noted 
that it took 12 weeks to collect all the dung beetles attracted 
to carrion. Nevertheless, it is apparent that one of the largest 
blocks of remaining Guinean forest in Ghana represented by 
Worobong may be a reasonable but slightly low approximation 
of the number of dung beetle species attracted to carrion in this 
forest ecosystem. The reason for the low numbers of only four 
to five species collected in Bia and Cape Three Points is unclear 
but one can conclude it is from low numbers of mammals due to 
high levels of bush-meat hunting. This hunting effect similarly 
has been documented on Mount Cameroon where the middle 
elevation had both the highest dung beetle species diversity and 
abundance instead of the lowest elevation as expected (Mongyeh 
et al. 2019).

Overall, if carrion specialists are generally more diverse and 
abundant in forests, one can speculate that their reduction or 
even possible absence in savannahs is due to the presence of 
many large vertebrate scavengers that eliminate this potential 
food source for dung beetles. It may also be due to the overall 
lower numbers and biomass in particular of large mammals in 
forests compared to savannahs and concomittant less abundant 
sources of dung. One should note that large herbivores in Old 
World forests such as forest elephants and buffalo can make 
up a large proportion of mammal biomass compared to that 
found in the Neotropics which tend to have few large bodied 
mammals. The only large mammals left in Ghana at the time 
of sampling were elephants and chimpanzees in Ankasa and 
elephants in Bia and Kakum. Most of the species collected in 
this study certainly are not specialists on carrion and being 
a generalist would seem to be a strategy with higher level of 
fitness. In contrast, many species of Onthophagus sampled, such 
as O. bartosi, O. fasciculiger, and O. latigibber are probable or 
definite carrion specialists and all have also been collected in 

large numbers using millipede bait in Ivory Coast (Krell et al. 
1997). Notably, millipedes can be quite abundant during the 
rainy season and can be a reliable food source and are likely the 
primary food source for all of these species; none of them have 
ever been collected on dung in any of the sampling done in West 
Africa in several studies (Cambefort 1991; Davis & Philips 2005; 
Davis & Philips 2009). Also O. intricatus and O. semiverescens 
may also be part of this feeding niche in part as neither have 
been collected with dung (Philips pers. obs.) and 17 and five 
specimens respectively were collected with vertebrate carrion 
in this study. Notably, two additional but unidentified species 
of Onthophagus carrion specialists were recently found in the 
woodland habitat of northeast Bostwana in Chobe National 
Park (Tshikae et al. 2008).

Other taxa, such as O. semiviridis and O. faciculiger, have 
been collected with dung, carrion, and millipede (carrion) bait 
(Cambefort 1985; Philips pers. obs.) and appear to be generalists. 
Others may be primarily dung feeders and can be collected with 
carrion, and have not been collected using millipede bait. These 
include O. pullus, O. bidens, O. flaviclava, O. mucronatus as well 
as the onitine, Onitis cupreus. Many of the species collected in 
small numbers in this study are likely primarily dung feeders. 
This includes a species such as O. laeviceps that can be abundant 
in dung-baited pitfall traps (Cambefort 1985) while only a single 
individual was collected with carrion in this study.

Curiously, some species sampled by Cambefort (1985) in Tai 
National Park were found to be very abundant on carrion but 
much less so on dung; this was the opposite to what was found 
in this study in some sampling locations in Ghana (Table 3). 
Onthophagus liberianus and O. rufopygus were often much more 
numerous in carrion traps or equally common in both carrion 
and dung (this study and Philips pers. obs.), but in sharp contrast 
in Tai both species were rare in carrion (2 individuals captured) 
and abundant in dung (190 individuals captured). In comparing 
this carrion study with samples collected with dung (Philips 
pers. obs.), the most extreme example of differences between 
populations was seen in O. liberianus that was very common 
in carrion and absent in dung in one location (Bobiri) with the 
oppposite attraction pattern in another location (Cape Three 
Points). Hence it appears that various populations of a given 
species of dung beetle may be more of a generalist or specialised 
feeder than others and can even switch to an alternative food 
source depending upon available food resources in a given 
locality. Perhaps similarly, some New Zealand dung beetle 
species may have evolved a generalist diet of dung and carrion 
in some areas and even from marine sources via sea birds that 
is possibly a result of low mammal numbers (Stavert et al. 2014).

The selective pressures that may account for these behavioural 
differences in food choice selection between populations are 
unclear but it most likely may be due to the relative availability of 
dung and carrion. Miraldo et al. (2011) discuss a general feature 
of dung beetle communities in tropical forests in Madagascar 
where a large proportion of the species have shifted from dung 
and either specialise on carrion or use both resources. The reason 
for this shift has been hypothesised due to extreme competition 
over dung and rapid decomposition rates in some tropical forests 

Table 3. Carrion and dung pitfall trapping comparison for two species of Onthophagus in Ghana (this study) and Ivory Coast (Tai National Park). Note 
that the trap number is not standardised between carrion and dung and dung samples represent 30 pitfalls (10 each of human, pig, and cow). Tai 
sampling occurred over an entire year and number of traps is not reported (Cambefort & Walter 1991)

Species, bait type Ankasa Atewa Bia Bobiri Cape 3 Points Kakum Tagbo Worobong Tai, I.C.

O. liberianus, carrion 7 53 7 49 0 14 124 66 2

O. liberianus, dung 5 4 3 0 51 1 140 61 67

O. rufopygus, carrion 10 26 0 0 1 7 0 42 0

O. rufopygus, dung 13 2 0 0 1 1 0 34 123
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(Halffter 1991; Hanski 1991). Genetic drift may be an additional 
factor in a more rapid switch in food preference in any given 
population due to the small size of most of the remaining forest 
habitats in Ghana (Figure 1) and reduced population sizes.

To conclude, these results supply baseline data that can be 
used to monitor the populations and diversity of the dung beetles 
attracted to vertebrate carrion in the Upper Guinean Forests 
of Ghana. The climate crisis, deforestation, population growth 
and the less visible effects of bush-meat hunting that deplete the 
source of excrement as well as carrion for the specialist feeders 
does not bode well for maintaining species diversity of the 
dung beetles in this critical biodiversity hotspot in Ghana and 
elsewhere.
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