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ABSTRACT

The diversity and abundance of necrophagous Diptera were investigated in urban, farm and wild areas in Botucatu, Sao Paulo State,
Brazil, from March 2003 through February 2004, in order to evaluate the current distribution and abundance of flies important in a
forensic context. Members of the family Sarcophagidae were most abundant, followed by Drosophilidae, Calliphoridae and Phoridae.
Members of Muscidae were least abundant. Flies were more abundant in spring and summer than in fall and winter. Members of
Sarcophagidae, Calliphoridae and Phoridae were most abundant in urban areas. Chrysomya albiceps was the most abundant calliphorid
species, followed by Lucilia eximia, Chrysomya megacephala, Cochliomyia macellaria and Lucilia cuprina. The implications of these

results for the necrophagous fauna structure are discussed.
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INTRODUCTION

After death, animal tissues, including those of humans, are
attractive to many kinds of organisms, especially insects.
Hence, the decomposition of terrestrial vertebrates is cha-
racterised not only by the action of fungi and bacteria, but
also by an ample number of arthropods, mainly necropha-
gous insects (Anderson 1995; Amendt et al. 2004). In ad-
dition, the kind of death markedly affects decomposition,
because it determines how fast a corpse can reach putrefac-
tion (Anderson 1995).

Season has an important impact on the weather and the
flora and fauna of a region, which influence significantly
the faunal colonisation of a body. Many fly species vary in
abundance depending upon season. For example, in Missis-
sippi, Lucilia coeruleiviridis and Cochliomyia macellaria
were dominant in the warmer summer months, whereas
Calliphora livida and Cynomyopsis cadaverina dominated
in the winter months, with Phormia regina found through-
out the year (Goddard and Lago 1985).

Studies of succession and decomposition in carcasses
have been done mostly in temperate countries (Arnaldos et
al. 2004). However, research programs have also been im-
plemented in Brazil, in an attempt to understand the dyna-
mics of these insects in tropical areas and their association

with forensic studies (Von Zuben et al. 1996; Carvalho ef al.

2000, 2004).

Population abundance in necrophagous flies has usually
been estimated from periodic census by using traps (Marti-
nez-Sanchez et al. 2000). The abundance of these species
has been investigated by field succession experiments,
which involved capture of flies from pigs in specific areas
(Souza and Linhares 1997).

The relative abundance of certain insects and the poten-
tially differing time of colonisation of the remains in differ-
ent seasons are essential factors to understand the success-
sion process in carcasses (Smith 1986). Studies of this
nature should be performed throughout the year, in order to
develop a valid database for specific areas. In Brazil, no
systematic study has investigated the abundance of necro-
phagous flies in different places, such as urban, wild and

farm areas, especially in locations in which the environ-
mental conditions differ in terms of altitude and tempera-
ture.

In this study, we investigated the diversity and abun-
dance of necrophagous Diptera in Botucatu, Sdo Paulo State,
Brazil, from March 2003 through February 2004, in order to
evaluate the current distribution of species. This study in-
cludes urban, wild and farm areas. We believe that this in-
formation can significantly increase the level of knowledge
of fly diversity associated with carcasses, and consequently
provides important information on flies as forensic indica-
tors.

MATERIALS AND METHODS

Bimonthly collections were made during the course of one year,
March 2003 through February 2004, in three different areas: urban,
farm and wild. The urban traps were set in a town garden, near a
residential area. The farm traps were set in the Experimental Farm
of Sao Paulo State University, Botucatu, Sdo Paulo, near the Uni-
versity campus. The wild area was a semi-deciduous forest near
the farm.

Traps were made from plastic drinking bottles (2000 mL),
each with a hole in its bottom (9 cm diameter X 30 cm length).
Chicken viscera obtained from poultry house animals, especially
gizzard (20 g), were placed in the bottles as bait and maintained
during three days in the collecting area. Six traps were set in trees:
three in the shade and three in the sun. Because the number of spe-
cimens found in the shade was not significantly different from in-
dividuals found in the sun (p > 0.05), all data were pooled for
analysis. The traps were removed after 72 h and the flies identified
and recorded. Except for members of the family Calliphoridae, the
flies were identified only to family level.

Members of Calliphoridae were identified to species because
of the need to record the current status of the group in terms of
abundance and distribution of native and exotic species. The struc-
ture of the Brazilian calliphorid fauna has changed since the biolo-
gical invasion of species of Chrysomya about 30 years ago (Gui-
maraes et al. 1978).

One-way Anova was employed to compare the difference in
terms of abundance among areas, families and species, in the case
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of Calliphoridae. Mean monthly temperatures for the Botucatu
area were obtained from the Meteorological Station of Sdo Paulo
State University in Botucatu, which is located near the three expe-
rimental areas. All traps were placed at a distance of 3 kilometres
from the Meteorological Station.

The frequency distribution of flies in traps was fitted to the
Negative binomial and Poisson distributions, in order to determine
whether the number of adults found among traps was clumped or
random. The k parameter in the Negative binomial distribution
was estimated by the maximum likelihood method (Ludwig and
Reynolds 1988). The fits of the Negative binomial and Poisson
distributions were tested by the Pearson y” statistic (Ludwig and
Reynolds 1988). In the Negative binomial distribution, the null
hypothesis was that the frequency distribution of adults exhibited a
clumped distribution pattern. The parameter £ is a measure of the
degree of clumping, and tends toward zero at maximum clumping.
In the Poisson distribution, the null hypothesis was that the num-
ber of adults found follows a random distribution.

RESULTS AND DISCUSSION

The collections resulted in 1,503 specimens, members of
five families: Sarcophagidae, Calliphoridae, Drosophilidae,
Phoridae and Muscidae (Table 1). Members of Sarcopha-
gidae were most abundant, with 590 specimens. There were
533 individuals of Drosophilidae, 227 of Calliphoridae and
140 of Phoridae. Only 13 individuals of Muscidae were col-
lected over the 1-year period (Table 1).

The Sarcophagidae, commonly called flesh-flies, is a
large family, with over 2000 species of cosmopolitan distri-
bution (Smith 1986). Sarcophagids occur in tropical and
warm-temperature regions, with adults often observed on
flowers, feeding on sweet substances, including sap and
honeydew (Smith 1986). In addition to carrion, they also
may feed on excrement or exposed meat (Smith 1986;
Wolff et al. 2001). Flesh-flies are attracted to carrion under
most conditions, including sun, shade, dry, wet indoors, and
outdoors (Wolff ez al. 2001). Some sarcophagids have evol-
ved into parasitoids, attacking live insects, with Orthoptera
as particularly common hosts; other species live in nests of
hymenopterans and termites, eating the food stored for the
original insect larva, and often the larva itself (Ferrar 1987).

Members of the family Drosophilidae were the second
most abundant group collected. Species of Drosophilidae
are attracted to practically any fermenting substance, with
more than 2000 known species, widely distributed by com-
mercial traffic (Smith 1986). Drosophilids are commonly
found in breweries, public houses, pickling factories, fruit
and vegetable canneries, canteens and restaurants; some
species are found on carrion, principally when putrid liquids
exude (Atkinson 1985; Smith 1986). High variability in
terms of relative abundance seems common for some spe-
cies of fruit flies (Beaver 1977; Atkinson 1985).

We can suggest no clear reason for the higher abun-
dance of Sarcophagidae and Drosophilidae than Calliphori-
dae found during this study. Most time-series studies of
necrophagous Diptera suggest that the calliphorids are the

most abundant family of flies captured (Carvalho et al.
2000; Carvalho and Linhares 2001; Carvalho et al. 2004).
One question arising from these results, is whether the trap
design can influence the abundance and diversity of flies
captured. Several trap designs are employed in studies of
this nature (Hall 1995). However, the trap used in our
investigation is very similar to the trap employed by Hwang
and Turner (2005), who developed a bottle trap made from
soft plastic drinking bottles. They observed that the Cal-
liphoridae was the most abundant family captured in the
London area (Hwang and Turner 2005).

Another reason for our result may be the degree of hu-
midity of the bait, chicken viscera, especially gizzard. Cer-
tainly the humidity degree, age of the bait and its stage of
decomposition are also important factors capable of affec-
ting the number, sex and age composition of blowfly popu-
lations (Vogt and Woodburn 1994). Other baits have been
used in previous blowfly studies, such as rodent carcasses,
chicken faeces and fish, suggesting that the type of bait can
be associated to the Diptera fauna (Mendes and Linhares
1993; Oliva 2001; Wall et al. 2001; Kozlov and Whitworth
2002). In this study we decided to include gizzard to inves-
tigate also the influence of this substrate. Responses of
blowflies to odor appear to involve distinct sets of semio-
chemical cues (Ashworth and Wall 1994). Attraction, ori-
entation and landing in blowflies apparently occur in res-
ponse to putrefactive sulphur-rich volatiles originating from
decomposition products and, the oviposition is influenced
by the presence of ammonia-rich compounds (Ashworth
and Wall 1994). However, oviposition is also significantly
influenced by moisture (Ashworthand Wall 1994) and this
factor can have been decisive for the differences found in
terms of collecting succession in the current study.

During the period of time when the traps were main-
tained in the field, we observed that the bait was dried by
the wind, which in this area has a mean velocity of 14 km/h.
This drying may have contributed to make the bait less
attractive to calliphorids, which are usually the first species
to arrive in carcasses (Smith 1986). In addition, the local
altitude is 840 m, making possible differences in terms of
abundance and diversity of flies compared to lower areas
(Mani 1968). As altitude increases, conditions for life
become more rigorous, with food becoming scarce, humi-
dity and temperature falling, and the temperature oscillating
much more (Mani 1968).

Calliphoridae, a family with over 1000 described spe-
cies that are widely distributed in all zoogeographical re-
gions (Smith 1986), was the third most abundant taxonomic
group. Of all the calliphorids collected, the highest abun-
dance was recorded for Chrysomya albiceps, with 136 spe-
cimens, followed by Lucilia eximia with 80 specimens,
Chrysomya megacephala with 20 specimens, C. macellaria
with 8 specimens and Lucilia cuprina with only 1 indivi-
dual (Table 2). However, C. albiceps was not recorded
during four months, whereas L. eximia was observed all
year (Table 2). The highest abundance of C. albiceps, L.
eximia and C. megacephala was recorded in the urban area.

Table 1 Abundance and distribution of individual flies, classified by family and area.

Month Calliphoridae Sarcophagidae Drosophilidae Phoridae Muscidae z
Urban Farm Wild Urban Farm Wild Urban Farm Wild Urban Farm Wild Urban Farm Wild

Mar 18 1 1 38 16 5 65 346 10 0 3 28 1 2 0 534
Apr 19 0 2 49 11 13 0 0 0 0 0 0 0 0 0 94
May 7 0 1 11 12 6 0 0 0 0 0 0 0 0 1 38
Jun 21 0 2 48 15 15 1 0 0 0 0 0 0 0 0 102
Jul 0 2 0 6 1 1 0 0 2 13 0 19 0 0 0 44
Aug 0 0 1 1 4 20 1 2 18 0 0 1 0 1 0 49
Sep 1 0 0 2 7 20 0 0 1 3 0 10 0 0 0 44
Oct 3 0 1 21 14 0 0 0 1 0 0 1 0 5 2 48
Nov 106 21 1 104 30 42 47 7 6 24 4 1 0 0 0 393
Dec 12 0 1 29 5 16 8 7 0 16 1 0 0 0 0 95
Jan 3 0 1 8 4 13 0 3 7 6 6 0 1 0 0 52
Feb 2 0 0 3 0 0 0 1 0 2 2 0 0 0 0 10
z 192 24 11 320 119 151 122 366 45 64 16 60 2 8 3 1503
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Table 2 Abundance and distribution of calliphorid flies, by species and area.

Month C. albiceps L. eximia L. cuprina C. megacephala C. macellaria X
Urban Farm Wild Urban Farm Wild Urban Farm Wild Urban Farm Wild Urban Farm Wild

Mar 10 1 0 9 0 1 0 0 0 0 0 0 1 0 0 22
Apr 3 0 0 16 0 2 0 0 0 0 0 0 0 0 0 21
May 5 0 0 2 0 0 0 0 0 0 0 1 0 0 0 8
Jun 7 0 0 13 0 1 1 0 0 0 0 1 0 0 0 23
Jul 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2
Aug 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
Sep 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Oct 1 0 0 2 0 1 0 0 0 0 0 0 0 0 0 4
Nov 86 13 3 6 3 1 0 0 0 13 0 1 1 5 1 133
Dec 4 0 1 8 0 0 0 0 0 3 0 0 0 0 0 16
Jan 2 0 0 8 0 1 0 0 0 1 0 0 0 0 0 12
Feb 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2
X 118 14 4 67 5 8 1 0 0 17 0 3 2 5 1 245

The farm area was where C. macellaria was the most abun-
dant (Table 2). The abundance among calliphorid species
was significantly different only in the wild area (Table 2).

The structure of the Brazilian necrophagous fauna, par-
ticularly Calliphoridae, has been influenced by the abun-
dance of exotic blowflies such as species of Chrysomya,
which were introduced into the Americas about 30 years
ago (Guimardes ef al. 1978). Four species of Chrysomya
have been introduced into the New World (Guimarées et al.
1978): Chrysomya megacephala (F.), Chrysomya putoria
(Wiedemann), C. albiceps (Wiedemann) and C. rufifacies
(Wiedemann). These species originally occurred in Austra-
lia, the Oriental Region, and Africa, and were first detected
in South America around 1975, except C. rufifacies which
has been found only in North America (Guimardes et al.
1978). The successful biological invasion, colonisation and
persistence of Chrysomya species in different regions of the
world can be explained by their short life cycle and high
growth rate (Smith 1986; Godoy ef al. 1993). Particularly in
tropical areas such as Brazil, introduced blowflies found a
suitable environment to maintain their populations at high
levels (Guimardes et al. 1978; Smith 1986; Souza and
Linhares 1997).

Of the Calliphoridae, C. albiceps was the most abun-
dant species in the urban and farm areas. This may be
attributed to its predatory habit on other species and its
rapid development (Faria et al. 1999). The conspicuous
abundance of C. albiceps was also observed in urban areas
in Campinas, S3o Paulo, Brazil; Rio de Janeiro; Goias; and
Curitiba, Parana, Brazil (Moura et al. 1997; Souza and
Linhares 1997; Carvalho et al. 2004).

In spite of its lower abundance compared to C. albiceps,
L. eximia was collected during all seasons, differing in this
regard from C. albiceps. L. eximia is able to maintain high
abundances in both urban and wild areas during all seasons
(Moura et al. 1997), which could explain the persistence of
this species over the course of the year. The least abundant
species were L. cuprina and C. macellaria. The low abun-
dance of C. macellaria is easily explained, because it has
been strongly influenced by the invasion of Chrysomya spe-
cies about 30 years ago (Guimarées et al. 1978; Faria et al.
1999).

Most species of Phoridac were collected in the urban
and wild areas (Table 1). This is a large family of flies, with
some 3000 species (Smith 1986). Phorids breed in a wide
variety of decaying organic material, and several genera are
regularly found in vertebrate carrion (Smith 1986). The
variety of substrates utilised by the species explains their
presence in the traps, but we can suggest no specific reason
to find them more abundantly in the urban and wild areas
than in the farm area. The family Muscidae exhibited the
lowest abundance. This result was not expected, because
muscids have often been abundant in studies performed in
different areas (Smith 1986; Axtell and Arends 1990). We
believe that the principal reason for this result is the pre-
sence of a poultry house near the farm area, which may
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have attracted the flies to the high concentration of chicken
excrement, compared to the bait used in our investigation.

The urban area was where the highest abundance was
recorded for Calliphoridae, but also for Sarcophagidae and
Phoridae (Table 1). Drosophilidaec and Muscidae were most
abundant in the farm area (Table 1). The difference in terms
of abundance of flies was significant among families in the
urban (p<0.05) and wild areas (p<0.05). Excluding Musci-
dae from the wild-area comparison, the same result was
found. However, in the farm area, no significant difference
was found in terms of abundance of flies (p>0.05).

No significant correlation was found between tempera-
ture and abundance of flies, and rainfall and abundance.
However, during summer and spring, flies were more abun-
dant than during fall and winter. The absence of a signifi-
cant correlation between weather conditions and abundance
has also been observed in other geographic areas, for exam-
ple Malaysia. A study in Malaysia showed that the number
of specimens of C. bezziana caught was unaffected by wea-
ther conditions at the time of trapping, but was positively
correlated with the total rainfall (Mahon et al. 2004).

Comparing the average climatic conditions recorded
during the collecting over 2003/2004 with data from pre-
vious and subsequent years, 2001 and 2005 respectively, no
significant variation between averages was detected, sug-
gesting that our findings can express a typical necrophagous
Diptera time series pattern in this municipality. In this case,
the best explanation for the contrasting results with other
studies in terms of blowfly diversity and abundance could
be the type of bait employed.

The frequency-distribution analysis of adults revealed
that the clumped pattern of distribution, described by the
Binomial negative model, was the most prevalent pattern of
distribution (Table 3). A few areas within families showed a
random pattern characterised by the Poisson model (Tables
3, 4), probably as a function of the low abundance recorded.
Calliphoridae exhibited the closest value to zero for the &
parameter among the families, indicating the highest degree
of clumping. This pattern of distribution was observed
because blowflies usually tend to search for substrates pre-
viously visited by other individuals of the same family.
Adult aggregation in blowflies has been frequently docu-
mented (Cruickshank and Wall 2002), and this behaviour
has been understood as a strategy to increase egg crowding,
promoting proteolytic enzyme production by larvae after
they hatch (Smith 1986).

The approach taken here to analyse frequency distribu-
tion of flies has been often employed in studies to search for
spatial patterns in the distribution of invertebrates, particu-
larly parasites and insects (Sréter et al. 1994; Reigada and
Godoy 2005). Most of these studies have investigated the
effect of distribution patterns of eggs and larvae among
discrete patches on the coexistence of competing species.
These analyses have also been used to investigate aggre-
gated patterns as a consequence of post-feeding larval dis-
persal in three blowfly species, C. macellaria, C. megace-
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Table 3 Frequency distribution of flies among traps, by family and area.

Family Area Mean s’ K Va df Test

Calliphoridae Urban 8.92 75.35 0.07 14.04 17 *x
Farm 2 36.18 0.09 2.44 11 ok
Wild 0.92 0.45 3 2 *

Sarcophagidae Urban 21.92 373.57 1.52 48 *
Farm 991 69.9 1.06 31.55 29 *k
Wild 12.58 140.45 0.57 50.68 36 **

Drosophilidae Urban 10.16 478.15 0.12 9.99 19 ok
Farm 225 9.11 0.34 1.53 3 *k
Wild 3.75 31.47 0.36 24.48 17 **

Phoridae Urban 533 64.42 0.21 23.40 21 *x
Farm 1.33 4.06 0.34 5.43 5 *k
Wild 5 86.18 0.22 24.73 20 **

Muscidae Urban 0.16 0.15 0.21 1 *
Farm 0.66 224 0.19 6.39 4 *k
Wild 0.25 0.38 0.30 1.21 1 *k

* Poisson distribution (P < 0.001)
** Negative binomial (P < 0.05)

Table 4 Frequency distribution of flies among traps, by species and area.

Species Area Mean s’ K Ve df Test

C. albiceps Urban 9.83 585.42 0.31 12.46 64 ok
Farm 1.16 13.96 0.06 2.03 8 ok
Wild 0.33 0.78 0.16 3.72 2 **

L. eximia Urban 5.58 28.08 0.91 22.59 15 *k
Farm 0.42 0.99 0.12 4.85 2 ok
Wild 0.66 0.42 1.55 2 *

C. megacephala Urban 1.42 14.08 0.11 3.85 10 *x
Wild 0.25 0.20 0.52 1 *

C. macellaria Urban 0.16 0.15 0.21 1 *
Farm 0.42 2.08 0.03 1.54 2 *k

* Poisson distribution (P < 0.001)
** Negative binomial (P < 0.05)

phala and C. putoria, and recently to analyse the influence
of larval predation on the dispersal of blowfly larvae (Rei-
gada and Godoy 2005).

The abundance recorded for flies over the study period
confirms the results obtained in several fly censuses in Bra-
zil (Carvalho et al. 2000, 2004). These studies also showed
that members of Calliphoridac and Sarcophagidac were
most abundant. Summer and spring were the seasons in
which the highest abundance of flies was observed, as noted
in several studies (Carvalho et al. 2000; Centeno et al.
2002).

Comparing the results found in this study with data
from other regions such as Argentina, the United States,
Australia, New Zealand, the Iberian Peninsula, Spain, Aus-
tria, Egypt and India, important differences in terms of di-
versity and abundance can be observed. The seasonal pat-
tern of arthropods in Buenos Aires was favorable to the pre-
sence of Calliphora vicina, but C. macellaria and Lucilia
cluvia were also recorded (Centeno et al. 2002).

A large-scale study of the patterns of neonatal piglet
decomposition and carrion insect succession carried out in
southern Victoria, Australia, revealed that Calliphora augur,
Chrysomya rufifacies and C. varipes were the calliphorid
species most abundant in 1999 and 2000, except during
June and July (Archer and Elgar 2003). Lucilia sericata was
the most commonly trapped calliphorid species in the South
Island of New Zealand, followed by Calliphora hilli, C.
stygia, C. vicina, C. quadrimaculata, Chrysomya rufifacies
and Xenocalliphora hortona (Barratt et al. 2001).

A study of the sarcosaprophagous community in the
southeastern Iberian Peninsula during the four seasons, eva-
luated different decomposition stages, fresh, decomposing
and advanced decomposition. The investigation revealed
that L. sericata was the most abundant species of callipho-
rid in all decomposition stages and seasons, followed by C.
vicina, C. albiceps, Pollenia sp. and C. vomitoria (Arnaldos
et al. 2004).

In Central Europe, C. vomitoria and C. albiceps have
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been found in abundance, with larvae and adults of C. vomi-
toria outnumbering all other blowfly species, followed by
Protophormia terraenovae, C. vicina and L. sericata
(Grassberger and Frank 2004). Chrysomya albiceps has
been found in Austria, monopolising carcasses probably as
a consequence of its predatory behaviour during the larval
stage (Verves 2004; Grassberger and Frank 2004). Lucilia
sericata and C. albiceps were the principal species coexis-
ting in carrion in fall and spring in Egypt (Adham et al.
2001). Comparing the results found in this study with pre-
vious investigations in Brazil and other geographic loca-
tions, it is possible to conclude that C. albiceps is consis-
tently abundant. This is certainly associated with its preda-
tory habit, experimentally confirmed (Faria et al. 1999).

However, in some areas in the Northern Hemisphere,
the genera Lucilia and Calliphora apparently dominate the
fauna, even when C. albiceps is present (Grassberger and
Frank 2004). Differences in terms of ovipositional succes-
sion in response to carcass decomposition stage and tempe-
rature could explain the success of Lucilia and Calliphora
in spite of the presence of C. albiceps (Grassberger and
Frank 2004). The absence of Calliphora from our traps con-
firms that this species is not present in the western part of
Sdo Paulo State, as observed in previous studies (Moura et
al. 1997; Souza and Linhares 1997; Carvalho et al. 2000),
although it is present in the southern part of the country
(Carvalho and Ribeiro 2000).

Abundance and distribution of necrophagous Diptera
are essential factors to be considered in forensic studies,
since the diversity and numbers of flies can improve com-
prehension of the fauna associated with the decomposition
of corpses, and consequently clarify questions concerning
criminal acts (Grassberger and Frank 2004).

ACKNOWLEDGEMENTS

The research was supported by a grant from the Fundagido de Am-
paro a Pesquisa do Estado de Sao Paulo. Work by NMB was sup-



Seasonal abundance of necrophagous Diptera in Brazil. Serbino and Godoy

ported by a graduate scholarship from the Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico. WACG has been par-
tially supported by a research fellowship from the Conselho Na-
cional de Desenvolvimento Cientifico e Tecnoldgico. The authors
also thank Janet W. Reid for revising the English text.

REFERENCES

Adham FK, Abdel MA, Tawfik MAA, El Khateeb RM (2001) Seasonal inci-
dence of the carrion breeding blowflies Lucilia sericata (Meigen) and Chry-
somya albiceps (Wied.) (Diptera: Calliphoridae) in Abu-Rawash Farm, Giza,
Egypt. Veterinary Medical Journal 49, 377-383

Amendt J, Krettek R, Zehner R (2004) Forensic entomology. Naturwissen-
schaften 91, 51-65

Anderson GS (1995) The use of insects in death investigations: an analysis of
forensic entomology cases in British Columbia over a five year period. Cana-
dian Society of Forensic Science Journal 28, 277-292

Archer MS, Elgar MA (2003) Yearly activity patterns in southern Victoria
(Australia) of seasonally active carrion insects. Forensic Science Interna-
tional 132, 173-176

Arnaldos MI, Romera E, Presa JJ, Luna A, Garc MD (2004) Studies on sea-
sonal arthropod succession on carrion in the southeastern Iberian Peninsula.
International Journal of Legal Medicine 118, 197-205

Ashworth JR, Wall R (1994) Responses of the sheep blowflies Lucilia sericata
and L. cuprina to odor and the development of semiochemical baits. Medical
and Veterinary Entomology 8, 303-309

Atkinson WD (1985) Coexistence of Australian rainforest Diptera breeding in
fallen fruit, Journal of Animal Ecology 54, 507-518

Axtell RC, Arends JJ (1990) Ecology and management of arthropod pests of
poultry. Annual of Veterinary Entomology 35, 101-126

Barratt BIP, Ferguson CM, Heath ACG, Logan RAS (2001) Relative abun-
dance and seasonality of Calliphoridae and Sarcophagidae (Diptera), poten-
tial vectors of rabbit haemorrhagic disease virus (RHDV) in the South Island
of New Zealand. New Zealand Journal of Zoology 28, 417-428

Beaver RA (1977) Non-equilibrium ‘island’ communities: Diptera breeding in
dead snails, Journal of Animal Ecology 46, 783-798

Carvalho CJB, Ribeiro PB (2000) Chave de identificacdo das espécies de
Calliphoridae (Diptera) do Sul do Brasil. Revista Brasileira de Parasitologia
Veterinaria 9, 169-173

Carvalho LML, Thyssen PJ, Linhares AX, Palhares FB (2000) A checklist
of arthropods associated with carrion and human corpses in southeastern Bra-
zil. Memorias do Instituto Oswaldo Cruz 95, 135-138

Carvalho LML, Thyssen PJ, Goff ML, Linhares AX (2004) Observations on
the succession patterns of necrophagous insects on a pig carcass in an urban
area of Southeastern Brazil. Aggarwal's Internet Journal of Forensic Medi-
cine and Toxicology 5, 33-39

Carvalho LML, Linhares AX (2001) Seasonality of insect succession and pig
carcass decomposition in a natural forest area in southeastern Brazil. Journal
of Forensic Science 46, 604-608

Centeno N, Maldonato M, Olivia A (2002) Seasonal patterns of arthropods oc-
curring on sheltered and unsheltered pig carcasses in Buenos Aires province
(Argentina). Forensic Science International 126, 63-70

Cruickshank I, Wall RL (2002) Aggregation and habitat use by Lucilia blow-
flies (Diptera: Calliphoridae) in pasture. Bulletin of Entomological Research
92, 153-158

Faria LDB, Orsi L, Trinca LA, Godoy WAC (1999) Larval predation by
Chrysomya albiceps on Cochliomyia macellaria, Chrysomya megacephala
and Chrysomya putoria. Entomologia Experimentalis et Applicata 90, 149-
155

Ferrar P (1987) A guide to the breeding habits and immature stages of Diptera
Cyclorrhapha. E. J. Brill, Scandinavian Science Press Ltd., Leiden, 448 pp

Grassberger M, Frank C (2004) Initial study of arthropod succession on pig
carrion in a Central European urban habitat. Journal of Medical Entomology

149

41,511-523

Goddard J, Lago PK (1985) Notes on blow fly (Diptera: Calliphoridae) suc-
cession on carrion in northern Mississippi. Journal of Entomology Science 20,
312-317

Godoy WAC, Reis SF, Von Zuben CJ, Ribeiro OB (1993) Population dyna-
mics of Chrysomya putoria (Wied.) (Dipt., Calliphoridae). Journal of Applied
Entomology 116, 163-169

Guimaries JH, Prado AP, Linhares AX (1978) Three newly introduced blow-
fly species in southern Brazil (Diptera: Calliphoridae). Revista Brasileira de
Entomologia 22, 53-60

Hall MJR (1995) Trapping the flies that cause myiasis: their response to host-
stimuli. Annals of Tropical Medical Parasitology 89, 333-357

Hwang C, Turner BD (2005) Spatial and temporal variability of necrophagous
Diptera from urban to rural areas. Medical and Veterinary Entomology 19,
379-357

Koslov MV, Whitworth T (2002) Population densities and diversity of Cal-
liphoridae (Diptera) around a nickel-copper smelter at Monchegorsk North-
western Russia. Entomologica Fennica 13, 98-104

Ludwig JA, Reynolds JF (1988) Statistical Ecology. A Primer on Methods and
Computing, John Wiley and Sons, New York, 337 pp

Mahon RJ, Ahmad H, Wardhaugh KG (2004) Factors affecting abundance
and oviposition rates of a field population of the Old World screw-worm fly,
Chrysomya bezziana (Diptera: Calliphoridae). Bulletin of Entomological Re-
search 94, 359-368

Mani MS (1968) Ecological specializations of high altitude insects. In: Mani
MS (Ed) Ecology and Biogeography of High Altitude Insects, The Hague, Dr.
W. Junk, pp 51-74

Martinez-Sanchez A, Rojo S, Marcos-Garcia MA (2000) Annual and spatial
activity of dung flies and carrion in a Mediterranean holm-oak pasture eco-
system. Medical and Veterinary Entomology 14, 56-63

Mendes J, Linhares AX (1993) Atratividade por iscas e estagios de desenvol-
vimento ovariano em varias espécies sinantropicas de Calliphoridae (Diptera).
Revista Brasileira de Entomologia 37, 157-166

Moura MO, Carvalho CJB, Monteiro ELA (1997) A preliminary analysis of
insects of medico-legal importance in Curitiba, State of Parana. Memdrias do
Instituto Oswaldo Cruz 93, 269-274

Oliva A (2001) Insects of forensic significance in Argentina. Forensic Science
International 120, 145-154

Reigada C, Godoy WAC (2005) Dispersal and predation behavior in larvae of
Chrysomya albiceps and Chrysomya megacephala (Diptera: Calliphoridae).
Journal of Insect Behavior 18, 545-555

Smith KGV (1986) A Manual of Forensic Entomology, Cornell University
Press, Ithaca, NT, 205 pp

Souza AM, Linhares AX (1997) Diptera and Coleoptera of potential forensic
importance in Southeastern Brazil: relative abundance and seasonality. Medi-
cal and Veterinary Entomology 11, 8-12

Sréter T, Molnar V, Kassai T (1994) Distribution of nematode eggs counts and
larval count in grazing sheep and their implications for parasites control.
International Journal of Parasitology 24, 103-108

Verves YuG (2004) Records of Chrysomya albiceps in the Ukraine. Medical
and Veterinary Entomology 18, 308-310

Von Zuben CJ, Bassanezi RC, Reis SF, Godoy WAC, Von Zuben FJ (1996)
Theoretical approaches to forensic entomology: 1. Mathematical model of
post feeding larval dispersal. Journal of Applied Entomology 120, 379-382

Vogt WG, Woodburn TL (1994) Effects of bait age on the number, sex, and
age composition of Lucilia cuprina (Wiedemann) (Diptera: Calliphoridae) in
Western Australian blowfly traps. Australian Journal of Experimental Agri-
culture 34, 595-600

Wall R, Howard JJ, Bindu J (2001) The seasonal abundance of blowflies in-
festing drying fish in south-west India. Journal of Applied Ecology 38, 339-
348

Wolff M, Uribe A, Ortiz A, Duque P (2001) A preliminary study of forensic
entomology in Medellin, Colombia. Forensic Science International 120, 53-
59



