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Abstract 
 
We present a list of 114 different species of phytophagous insects (Hymenoptera Apoidea, Lepidoptera and Heteroptera) that were 
collected in carrion-baited traps in central Spain. We discuss the feeding habits of these insects as found in previously published 
literature, especially in tropical environments. In each group studied, the reasons for their attraction appear to be different, but in 
any case, we demonstrated that many species of phytophagous insects exploit this resource, at least on an occasional basis and that 
it is a regular activity in temperate and not only tropical latitudes. 
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Introduction 
 
The arthropod fauna that come to dead animal bodies 
varies considerably in relation to habitat and environ-
mental conditions. Their mode of action may be af-
fected by the type of body that they find. In general, 
when they discover dead invertebrates, they can be dis-
aggregated or buried very quickly. However, when it 
comes to bodies of vertebrates, there are a wide variety 
of arthropods species that exploit this resource as it is of 
high quality. Moreover, there is a sequential pattern of 
carrion-feeding species that will colonize and remove 
carrion along a specific decomposition process. Insects 
visiting carrion exploit this resource in many different 
ways, which allows a number of trophic groups or cate-
gories according to the criteria of Leclercq (1978) and 
Braack (1987) as follows: 
1 - Necrophagous: They feed directly from the bodies 

and usually complete their life cycle on them. These 
include sarcophagous species, where they feed on 
the flesh and soft tissue, and dermatophagous, if 
they feed the skin. 

2 - Necrophilous: Those that eat the carrion-feeding and 
are predators. Predators capture and feed on the 
other arthropods in the environment (mostly Diptera 
larvae). Parasites use the larvae of flies or other in-
sects to complete their life cycle. 

3 - Saprophagous: In general, they feed on decomposing 
organic matter; in this case, those that feed upon the 
fluids and tissues of rotting corpses. They do not 
usually complete their life cycle on the body, and 
sometimes simply are attracted to odors of putrefac-
tion. Therefore they are not strictly necrophagous. 

4 - Opportunistic or casual: Those species that use the 
body as a refuge or simply in passing, or have a diet 
completely different from necrophagous but occa-
sionally can obtain nutrients from the bodies as a 
food supplement. 

Many insect species belong to this last category. Some 
are insects with strictly phytophagous diets that occa-
sionally feed on non-plant material, or insects that are 

strictly phytophagous in the larval stage and may feed at 
other sources as adults. These alternative food sources, 
including bird droppings, dung and carrion. Many ex-
amples are known in Heteroptera (Adler and Wheeler, 
1984) and tropical butterflies (see Molleman et al., 2005 
for a recent review of this behaviour). Among bees 
(Apoidea) there is the remarkable well-known case of 
Trigona hypogea Silvestri, an obligate necrophage, that 
uses carrion instead of pollen as a protein source 
(Roubik, 1982) and other Meliponinae (stingless bees) 
that occasionally collect faeces and carrion (Silveira et 
al., 2005). The reasons behind this behaviour are still 
not clear and depend largely on the type of insect in-
volved. In this paper we present a compilation of spe-
cies of phytophagous insects (Lepidoptera, Heteroptera 
and Hymenoptera Apoidea) that have been collected, in 
recent surveys in central Spain, in carrion-baited traps. 
We also discuss, based on the previously published lit-
erature, the meaning of this unusual behaviour for each 
of the insect groups considered. 
 
 
Materials and methods 
 
To capture carrion visiting insects we used carrion-baited 
traps modified from the design of Morón and Terrón 
(1984) (for more details see also Baz et al., 2007). Al-
though the study of necrophagous insects through the use 
of Wing Oriented Traps (WOT) is more frequent 
(Martínez-Sánchez et al., 1998), we prefer to use a more 
robust trap that can remain installed for longer periods of 
time. Traps were baited with squid. The use of squid as a 
bait has been shown to be very effective in such ecologi-
cal studies because it maintains a moist state of decay for 
much longer periods than other baits (e.g., chicken or 
liver, Newton and Peck, 1975). The bait was place inside 
a perforated plastic jar that prevents access to the bait by 
insects, and prevents accidental falling of insects into the 
bait. Traps were semi-buried into the ground so that 
there was 8-10 cm between the edge of the trap and the 
ground surface. Finally, traps were protected with a pe-
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rimeter of stones to avoid destruction by wild animals 
that were attracted by the carrion. Data were collected in 
different surveys conducted in the centre of the Iberian 
Peninsula designed to study the necrophagous fauna. 
Each survey was designed to address a different objec-
tive, and the data cannot then be compared between sites 
from a quantitative point of view. A brief description of 
the three surveys follows. 
 
Survey 1 

Designed to study the variation of the assemblages of 
necrophagous insects along an altitudinal gradient (Baz 
et al., 2007). Samples were collected between the locali-
ties of Lozoya and Puerto de Navafría (Madrid prov-
ince). Nine trapping sites were selected along an altitud-
inal gradient at 100 m intervals between 1100 and 1900 
m a.s.l. (both included), with one trap at each site. Traps 
were maintained during June, July and August of 2003 
and were visited every 15 days. On each visit, the 
specimens were collected and the bait replaced, so that 
traps were operating without interruption for 90 days. 
At the end, 53 samples were taken as one sample at site 
8 was destroyed, probably by a wild animal. 
 
Survey 2 

Designed to study the habitat associations of necro-
phagous insects on a regional scale. Traps were set up at 
sites throughout the province of Madrid. Twenty one 
sites were selected, providing sampling of 7 habitat 
types. To cover the environmental heterogeneity of each 
sampling site, three traps at each site were installed. So, 
a total of 63 traps were installed in the study area and 
were maintained from June 2006 to May 2007. Traps 
were operated for a period of seven days within each 
month. A total of 756 samples were obtained (63 traps x 
12 times), although samples obtained during the winter 
provided virtually no insects. If we consider only the 
favourable period of April to September, there were 378 
samples. 
 
Survey 3 

We determined the necrophagous insects of the “Ho-
ces del rio Riaza” Natural Park (Segovia province). A 
total of 10 sites were selected as representative of 5 
habitat types. Traps operated 15 days each month (June 
to September 2007). At the end, 36 samples had been 
obtained as four samples were destroyed. Moreover, de-
spite all the precautions taken, it is possible to find indi-
vidual insects caught accidentally that were not attracted 
to carrion. So, in this last survey we attempted to avoid 
this problem. Next to each active trap, we are installed a 
control trap, similar to the carrion-baited trap, except for 
the fact that control traps were not baited with carrion. 
Thus, by examining catches of the control traps, we 
could determine which species were caught occasionally 
and not attracted to carrion. In these samples we did not 
find any Apoidea, Lepidoptera or Heteroptera in the 
control traps. Therefore we assume that in the other 
samples, the species were attracted by the carrion. 
Therefore, in this paper, we only take into account those 
species that are really attracted to carrion and we have 
eliminated the species that were trapped accidentally. 

 
 

Figure 1. Map of the Iberian Peninsula with the location 
of the sampling sites. 

 
 

A brief description of the localities sampled, together 
with their geographical locations, is provided in table 1 
and a map with the location of sampling sites can be 
found in the figure 1. 
 
 
Results and discussion 
 
Together for the three different surveys, we trapped a 
total of 918 individuals of 114 different phytophagous 
insect species (see table 2 for a detailed overview of trap 
catches). Also, detailed data about the number of spe-
cies, number of individuals, occurrences and sex-ratio, 
can be found in table 3. 
 
Hymenoptera-Apoidea 

A total of 276 individuals belonging to 19 species are 
bees. In addition to T. hypogea and other Meliponiinae 
(Roubik, 1982; Silveira et al., 2005), other records of 
non-plant food by bees are those of the honey bee (Apis 
mellifera L.) and Bombus impatiens Cresson which fed 
on the fluids at a pig carcass (Payne, 1965), the tropical 
Bombus ephippiatus Say feeding on mammalian faeces 
and the temperate Bombus terrestris (L.) feeding on bird 
droppings, human urine and carrion (Herrera, 1990). 
Apoidea have been recorded (without a specific identi-
fication) at carrion on the Iberian Peninsula by Arnaldos 
et al., (2004) and Castillo-Miralbes (2002). Our data are 
consistent with those found in the scientific literature. 
The most common bee species in our traps was the 
honey bee, which was caught in all 3 of the surveys. 
Seven different species of bumbles bees were trapped in 
our studies. Of these, Bombus pascuorum (Scopoli) and 
Bombus humilis Illiger were the most common. Antho-
phoridae and Megachilidae bees have not been recorded 
prior to now as attracted to carrion. Several species of 
Amegilla and Anthophora, as well as different genera of 
Megachilidae were taken for first time in relation to 
non-plant food. By instance, Megachile pilidens Alfken 
was trapped with carrion in all three surveys. The only 
Halictidae trapped was Nomiapis diversipes (Latreille), 
and only in Survey 3. However, the abundance and site 
frequency of this species in traps suggest that it may use
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carrion generally. The causes of attraction to carrion in 
bees remain unclear. Carrion has been considered as an 
important food source for social stingless bees in the 
Neotropical region (Silveira et al., 2005). Many species 
have been reported collecting meat or juices from car-
casses. Some of them, such as T. hypogea and related 
species, are obligatorily necrophagous. In these stingless 
bees, pieces of meat are not transported to the nest but 
are masticated and consuming at the feeding site and are 
subsequently regurgitated to other workers in the nest to 
be used in larval nutrition (Noll et al., 1997; Serrão et 
al., 1997). In temperate regions, however, data on bees 
responses to or uses of carrion are very scarce. Neverthe-
less, it has been suggested that bees using carrion, faeces 
and urine as alternative sources of nitrogenous sub-
stances (Herrera, 1990). Bees use pollen as the usual 
source of nitrogen. So, this behaviour could be related to 
a shortage of flowers or low production of pollen. How-
ever, the catches of bees in our carrion traps were fairly 
evenly distributed between different sites and the differ-
ent dates during the summer months. It is not very prob-
able that floral resources were scarce simultaneously 
everywhere. From this point of view, we can consider 
that bees use the carrion, not as an alternative source, but 
as a regular and complementary source of proteins. 
 
Lepidoptera 

A total of 204 moths and butterflies were trapped, be-
longing to 49 species. The feeding behaviour of adult 
Lepidoptera is a somewhat neglected topic in the study 
of butterfly biology. In temperate regions butterflies 
most commonly obtain nutrients from floral nectar, and 
it is this behaviour which has received the most atten-
tion (Watt et al., 1974; Baz, 2002; Tudor et al., 2004). 
However, in the tropics, adult Lepidoptera (namely but-
terflies) are known to supplement their nectar diet by 
feeding on a much wider diversity of substrates, includ-
ing decaying fruit and animal matter, and moist surfaces 
(a behaviour known as ‘puddling’) (Adler, 1982; Dow-
nes, 1973; Boggs and Jackson, 1991; Austin et al., 1993; 
Sculley and Boggs, 1996). However, Lepidoptera that 
feed on rotting carrion are less well known, although 
rotting carrion seems to be an important lepidopteran 
food source. Many authors have recorded adult Lepi-
doptera feeding on rotting carrion or attracted to carrion 
baits. For example, Austin and Riley (1995) recorded 
numerous species of butterflies on carrion baits and Hall 
and Willmott (2000) found more riodinid species at-
tracted to rotting carrion than to any other substrate in 
Equatorian forests, and Hamer et al. (2006) found the 
same pattern in a tropical lowland rain forest in Sabah, 
Borneo. These taxa are butterflies of tropical latitudes, 
and examples of Lepidoptera in temperate regions feed-
ing on rotting carrion are virtually unknown. The re-
sponses of 49 species to carrion that are summarized in 
this paper represent the most comprehensive data on the 
carrion habits of Lepidoptera in Europe. Most species 
that we collected belong to the moth family Noctuidae 
(32 species). The frequency and abundance of species in 
the genus Catocala that we trapped with carrion is re-
markable. This is a genus that consists of large species 
with powerful flight. In addition to noctuid moths, all 

other species collected (with the exception of one spe-
cies of Arctiidae) were butterflies belonging to the fami-
lies Nymphalidae, Satyridae and Hesperidae. The causes 
of this behaviour are still controversial but, in light of 
recent work two hypotheses have been developed. 

First, in most butterfly species, puddling is exclusively 
a male behaviour. A possible explanation for this division 
in feeding behaviour is that nutrients derived from pud-
dling are transferred to the female in the spermatophore 
during mating as a nuptial gift (Smedley and Eisner, 
1995; 1996). Secondly, in species in which both sexes 
puddle, nutrients might be used for neuromuscular activ-
ity in both males and females and may therefore correlate 
with flight morphology (Hall and Willmott, 2000). 

While species that puddle are searching for minerals, 
we assume that species on carrion are searching for pro-
tein. Hall and Willmott (2000) found that those species 
attracted to rotting carrion seemed to have relatively large 
thoraces, while those species not recorded feeding from 
any substrate often had relatively small thoraces. Thus, it 
appears that there might be a general relationship be-
tween adult feeding behaviour and morphology in rela-
tion to flight and resultant metabolic rate. That is, Lepi-
doptera that are active and powerful flyers may have lar-
ger thoraces, and are active feeders as adults to support 
the high metabolic demands of flight. On the other hand, 
Beck et al. (1999) have experimentally investigated the 
attraction of adult butterflies to different bait types in two 
species-rich tropical communities on the island of Borneo 
and found that butterfly families differed consistently in 
their resource preferences. Representatives of the families 
Papilionidae and Pieridae more often visited NaCl solu-
tions, but still accepted albumin, whereas representatives 
of the Nymphalidae, Hesperiidae and, in particular, Ly-
caenidae preferred the protein resource. 

Our findings agree well with this mobility hypothesis. 
First, the sex-ratios of moths and butterflies that we cap-
tured indicate that both sexes of many species visit car-
rion (table 3). In some cases (i.e. the species of Cato-
cala), this behaviour seem to be restricted to females. 
Second, almost all moths captured belong to the family 
Noctuidae, a family that consists of mobile and powerful 
flight species. With respect to butterflies we only found 
representative of the families Nymphalidae, Satyridae 
and Hesperiidae. No species of Papilionidae, Pieridae 
and Lycaenidae has been attracted to carrion-baited 
traps. Although in tropical latitudes, Lycaenidae pre-
ferred protein sources, in temperate zones they are more 
frequently observed at mud-puddles (see for instance 
Nieves-Aldrey, 2009). These results support the notion 
of a distinctive carrion-feeding fauna of Lepidoptera 
comprising more mobile species, which may use carrion 
to meet additional nitrogen requirements resulting from 
greater flight musculature and flight muscle use (Hamer, 
2006) not only in tropical regions, where this behaviour 
is best studied, but also in temperate zones. 
 
Heteroptera 

We captured 438 individuals belonging to 46 species 
of bugs in the carrion traps Species such as Camptopus 
lateralis (Germar), Alydus calcaratus (L.), Coriomeris 
affinis (Herrich-Schaeffer) and Gonianotus galactoder-
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mus Fieber are particularly frequents in the samples. 
True bugs are known to feed on non-plant sources such 
as bird droppings, dung and carrion (Adler and Wheeler, 
1984). These authors reported eighteen species of Het-
eroptera, belonging mainly to the Coreidae and Alydi-
dae, feeding on various extra-phytophagous foods. Ac-
cording to these authors, some of these bug species col-
lected at carrion or excrement may have been preying 
on the other insects or may have been feeding on fungi. 
For example, Payne et al. (1968) observed the seed-
feeding lygaeid Myodocha serripes Olivier preying on a 
dipteran larva in pig carrion. Several instances involved 
aggregations of individuals, especially at carrion. Num-
bers of bugs at carrion are not unheard of, with about 40 
individuals of Alydus eurinus (Say) (Bromley, 1937) 
and 12 individuals of Merocoris distinctus Dallas (Eng-
elhardt, 1912) seen at one carrion source. Such numbers 
suggest the possibility of long-distance orientation to 
carrion odour, although this has not been studied. Our 
results included some similar observations [i.e. 
Bothrostethus annulipes (Herrich-Schaeffer) 25 indi-
viduals in a sample; Coriomeris affinis (Herrich-
Schaeffer) 16 and Gonianotus galactodermus Fieber 
21]. Any gregarious behaviour at such food sources 
could be adaptative as a means of bringing together the 
sexes. Again, Payne et al. (1968) observed mating pairs 
of A. eurinus and Megalotomus quinquespinosus (Say) 
on pig carrion. The presence of mating pairs at extra-
phytophagous food sources raises the question of the 
sex of individuals involved in feeding. Unfortunately, 
the information available is scanty. The results of our 
surveys indicate that most bugs visiting or arriving at 
carrion (and trapped) were males (see table 1). This 
strongly skewed sex ratio suggests that females of the 
species that we trapped generally are not feeding at car-
rion, if they are not arriving at carrion. Considering all 
the catches of Heteroptera as a whole, the overall sex 
ratio in the three surveys is 4.11, 6.12 and 9.93 respec-
tively (table 3). It seems clear therefore that in the case 
of the Heteroptera, the use of carrion as an alternative 
source of food has a strong sexual component. This may 
be related with the cost of mating for males. There may 
be a number of costs of mating for males, the most uni-
versal being the time and energy devoted to mate-
finding and courtship and the energetic costs of gamete 
production (Daly, 1978; Dewsbury, 1982). It is difficult 
to generalize when it comes to 46 species, but there is 
some evidence suggesting that mating may involve high 
costs for males of some species. By instance, Krupke et 
al. (2008) found that in the pentatomid bug Euschistus 
conspersus Uhler, males transfer a significant percent-
age of their body mass during the initial mating. Mating 
was also found to reduce male longevity by 37.8% but 
had no significant effect on female longevity or fecun-
dity. From this point of view, we can speculate on the 
possibility that carrion feeding in males of some species 
may serve to supplant or add to proteins used that are 
part of the cost of mating. Obviously, it would be neces-
sary to test this hypothesis experimentally, but in any 
case, our data have the interest of revealing a little 
known aspect of the biology of the Heteroptera. 
 

Concluding remarks 
 
Perhaps the most interesting aspect of our findings is 
how carrion appears to be a significant resource by 
many species of insects with strictly phytophagous di-
ets, and potentially an additional source of protein that 
can be used in different aspects of their biology. Car-
rion-visiting was observed in all types of habitats, sug-
gesting that it is an activity common in temperate lati-
tudes. The ways in which this resource is exploited 
probably depends on the group of insects considered. 
Thus, in the case of the Apoidea, this activity was 
mainly by the workers of the colony. In the Lepidoptera, 
carrion appears to be used by both males and females, 
but maybe only by species with a large capacity for 
flight. In the case of the Heteroptera, this behaviour ap-
pears primarily in males and may have a strong sexual 
or reproductive component. Lastly, regardless of the 
reasons why phytophagous insects feed on carrion, it 
certainly constitutes an important resource for adults of 
many species in temperate latitudes, not only in the 
tropics, from where most of the information on the use 
of carrion as food for phytophagous insects originated. 
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