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Sampling necrophagous and predatory insects using different lures in a Mexican
pine forest
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Abstract. Sampling with a single bait as a lure is a commonly used practice in studies of necrophilous insect
communities. Here, we determined if there were differences in necrophilous insect species richness and abundance
when attracted to 4 types of carrion: squid, bird, lizard, and mouse. A comparison between necrophagous and predatory
insects was also made to detect whether they differ in their abundance, depending on the bait used. Thirteen species of
Silphidae, Staphylinidae (Coleoptera), Calliphoridae, and Sarcophagidae (Diptera) were collected in the baited traps;
no single bait was able to attract all species. The abundances of 5 species varied significantly depending on the type
of bait used. Predatory insects were less abundant than necrophagous insects in lizard and mouse baits. These results
show that an evaluation of the structure of a necrophilous insect community can depend on the bait used for sampling.
Key words: Necrophilous insects, guilds, species accumulation curves, carrion, Mexico.
Resumen. La utilización de un solo tipo de cebo es una práctica común en los estudios de comunidades de insectos
necrófilos. En este trabajo determinamos si existen diferencias en la riqueza y abundancia de especies de insectos
necrófilos atraídos a 4 tipos de carroña: calamar, ave, lagartija y ratón. También se determinó si la abundancia de
insectos necrófagos y depredadores difiere dependiendo del tipo de cebo que se utilice. Se recolectaron 13 especies
de Silphidae, Staphylinidae (Coleoptera), Calliphoridae y Sarcophagidae (Diptera); ningún tipo de cebo logró atraer a
todas las especies. Se encontró que la abundancia de 5 de las especies difirió significativamente dependiendo del cebo
utilizado. La abundancia de los insectos depredadores fue menor que la de los carroñeros en los cebos de lagartija y
ratón. Estos resultados muestran que la evaluación de la estructura de una comunidad de insectos necrófilos puede
depender del tipo de cebo que se utilice.
Palabras clave: insectos necrófilos, gremios, curvas de acumulación de especies, carroña, México.

Necrophagous insects and their associated predators
have been used frequently to investigate various
aspects of insect diversity, including studies focused on
understanding community structure, and the effects of
disturbance on their diversity (Gibbs and Stanton, 2001;
Ulrich et al., 2008). The influence of necrophilous insects
on certain ecosystem processes, such as the decomposition
and relocation of animal organic matter has also received
attention (Carter et al., 2007). However, a commonly
used practice in many studies of necrophilous insect
communities has been the use of a single bait as a lure.
Since necrophilous insect species may differ in carcass
preferences as well as in their habits, the employment of
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different baits may result in different number of species
and individuals being recorded. Thus, an evaluation of the
structure of a necrophilous insect community may depend
on the bait used for sampling.
The aim of this study was to investigate whether the
abundance and species richness of necrophilous insects
(Coleoptera and Diptera) differ when employing different
baits. Specifically, a comparison of insects’ richness,
abundances, and diversity attracted to 4 types of bait,
and an evaluation between the baits in terms of their
attractiveness for necrophagous and predatory insects
were made.
The study was conducted in a pine-oak forest located
within Rancho Santa Elena, Huasca de Ocampo, Hidalgo,
Mexico, between 20°06´07’’and 20°09’50’’N, and
98°30’04’’ and 98°32’06’’W, 2 300-2 700 m alt. The
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climate is temperate to semi humid. The average monthly
temperature is 15.1°C, with January and May registering
the coldest and warmest months, respectively. The total
annual rainfall is 787.6 mm with December and September
corresponding to the driest and wettest month respectively
(CNA, 2006).
Sampling was carried out during 4 consecutive weeks
in June and July of 2004. Traps were constructed using
one liter plastic jars with 3 openings (1.5 cm2) cut into
the upper walls to allow access to necrophilous insects;
the jars were closed with a lid under which was attached
a perforated 150 ml plastic container that contained the
lure. Traps were buried with their upper section above
the soil surface. At each sampling period, each jar was
exchanged with another jar filled one-third with 70%
ethyl alcohol.
Three different types of bait that represented locally
available resources for necrophilous insects were used,
lizards (Sceloporus grammicus Wiegmann), mice
(Peromyscus maniculatus Wagner), and commercial
chicken. Squid, an exogenous but commonly-used luring
element in studies of necrophilous insects in Mexico, was
also included. Each trap was baited with 40 g of fresh bait
which decomposed throughout the sampling period. In the
case of squid and chicken, pieces of fresh muscle were
used as bait, whereas in the cases of mouse and lizard,
pieces of the entire body were employed. A control group
of traps without bait was also used, and these contained
only 70% ethyl alcohol.
Six replicate traps with each bait as well as 6 controls
for a total of 30 traps were randomly placed within 6
transects. Traps were separated by at least 100 m in order
to allow for independence between traps (Larsen and
Forsyth, 2005). Samples were collected every 7 days
over a 4 week period. The study of the necrophagous
community was restricted to all trapped species of the
Calliphoridae, Sarcophagidae and Silphidae families, and
only those species of Staphylinidae of known predatory
habits were included in the analyses.
Diptera were identified by M. A. Marcos-García
(Universidad de Alicante, Spain), and Coleoptera were
identified by J. Márquez (Universidad Autónoma del
Estado de Hidalgo, Mexico). Voucher specimens were
deposited in the Coleoptera Collection of the Universidad
Autónoma del Estado de Hidalgo, Mexico.
The completeness of the species inventories for
each bait was assessed as the proportion of observed
species richness relative to maximum expected richness.
Expected richness was calculated using a non-parametric
richness estimator, Chao2, which is based on incidence
data (presence-absence) using EstimateS version 8.0.0
(Colwell, 2006). To determine whether the abundance
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of the different species of necrophilous insects attracted
varied among baits, a Kruskal-Wallis test with a chi-square
approximation was performed (SAS Institute, 1989).
The diversity of the necrophilous communities
collected with each type of bait was compared using
Shannon’s index (Magurran, 2004) and its 95%
confidence interval computed by bootstrap methods for
a direct statistical comparisons among bait types using
the StatsDirect v.2.5.7 software (StatsDirect Ltd, 2005).
Abundance patterns and species evenness among baits
were compared graphically with rank-abundance plots
(Feinsinger, 2001).
In order to determine whether differences exist between
the baits in terms of their attractiveness for necrophagous
and predatory insects, a step-by-step discriminant function
analysis was used (Manley, 1994). The abundance of
necrophagous and predatory species was analyzed in order
to determine whether differences between guilds were
manifested between baits.
Five species of Coleoptera and 8 of Diptera were
recorded (Table1). None of these species were recorded
in the control traps. The percentage of completeness
of species inventories for each bait, according to the
expected richness predicted with Chao2 estimator, was
98% for squid, 100% for chicken, 97% for mouse, and
87% for lizard. Squid attracted 43% of the total specimens
from 12 species, chicken attracted 36% from 12 species,
mouse attracted 13% from 9 species, and lizard attracted
8% from 10 species (Table 1).
The abundance of the predator Philonthus sp.
(Staphylinidae), and the necrophagous Calliphora
sp. 1, Calliphora sp. 2, Phaenicia sp., and Lucilia
sp. (Calliphoridae) differed significantly among baits
(p < 0.05) (Table 1). The reason for these differences
are currently not known; however, other studies have
shown that necrophagous species such as the calliphorids
make differential use of carcasses, due to preference or
attraction of adult flies for carcass type, size, grade of
decomposition, and the relative abundance of a particular
type of carcass (Ives, 1991).
The high abundance of Philonthus sp. in the squid and
chicken baited traps stands out because predators do not
necessarily need certain substrates when searching for
prey. As we lack information concerning other substrates
where this species may forage, for example excrement
or decomposing fungi, it can only be suggested that
this species is attracted to the odors that are more easily
detected.
Significant differences in diversity (Shannon index)
between baits were found. The estimated diversity index
for the squid baited traps (H= 1.56) differed significantly
from those estimated for lizard (H= 2.07), chicken
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Table 1. Abundance of necrophilous insect species attracted to each of the 4 baits, and all baits pooled. Sq: squid, Ch: chicken, Mo:
mouse, Li: lizard, L: letters identifying species in Figure 1
Family
Calliphoridae

Sarcophagidae
Silphidae
Staphylinidae

Mo

Li

All
Baits

χ²

p

L

2
0
3
8
15
12
10
2
16

0
0
0
2
3
0
4
2
2

1
0
0
5
2
1
1
0
4

3
1
15
42
22
15
20
6
41

4.01
3.00
13.09
9.58
11.12
12.16
3.06
2.36
5.24

0.259
0.391
0.004
0.022
0.011
0.006
0.383
0.501
0.154

a
b
c
d
e
f
g
h
i

2
14

18
13

8
6

5
9

33
42

3.68
1.96

0.297
0.580

j
k

112
5

61
9

24
9

3
7

200
30

8.34
0.52

0.039
0.914

l
m

203
12

169
12

60
9

38
10

470
13

Species

Sq

Acronesia sp.
Bellardia sp.
Calliphora sp. 1
Calliphora sp. 2
Lucilia sp.
Phaenicia sp.
Boettcheria sp.
Microcerella sp.
Nicrophorus mexicanus
Matthews, 1888
Belonuchus sp.
Philonthus hoegei
Sharp, 1885
Philonthus sp.
Platydracus
phoenicurus
Nordmann, 1837

0
1
12
27
2
2
5
2
19

Total number of individuals
Total number of species

Ch

(H= 1.94), and all baits pooled (H= 1.86), but did not
differ from mouse baited traps (H= 1.59). The indexes
estimated for lizard, chicken, mouse, and all baits pooled
did not differed significantly. The low diversity index for
squid was due to the dominance of Philonthus sp., since
a decrease in the magnitude of Shannon diversity index
occurs when dominant single species are considered
(Magurran, 2004). The relative abundances of the different
species also varied between baits, and Philonthus sp. was
the dominant species in all baits employed, except in
lizard-baited traps, where P. hoegei was dominant (Fig. 1).
The results of the discriminant function analysis
revealed that the abundance of predatory insects was
significantly lower than that of necrophagous insects
among baits (λ= 0.093, F= 19.57; d.f.= 4, 8, p < 0.0003).
The analysis required only a single axis in order to detect
differences between the 2 guilds, where the relevant
variables were mouse and lizard baits. These results
suggest that necrophagous insects differ from predators
in their sensitivity or preference to odors produced by
different carcasses. This aspect deserves further study
since there appears to be no study comparing sensitivity
and preference of necrophagous insects and their
associated predators.
The fact that none of the individual baits was able to
attract all species and that their abundances varied among
baits, suggests that the employment of different baits is
important when studies are addressing questions about
community structure, and to obtain a more uniform unit
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Figure 1. Rank abundance plots of necrophilous insect species
attracted to each of the 4 baits, and all baits pooled. Species codes
are given on Table 1. The Y-axis represents Log10(pi), where pi is
the relative abundance of species i (ni/N) plotted on a logarithmic
scale against the species-rank ordered from the most to the least
abundant species.

for measuring collection effort (Longino et al., 2002).
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