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ABSTRACT

Duringitslarval stage, Chrysomya albiceps (Diptera: Calli phoridae) is a facultative predator on other blowflies. In
this sudy, we evaluated te predation by third instar larvae of C. albicepsonfirst, sscond and third instar larvae of
Chrysomya megacephala and Cochliomyia macellaria in no-choice eperiments in order to compare the
vulnerability of larval instars to predation. With first and second ingtar prey the highest predation rate by C.
albiceps was on C. megacephala. For third instar prey, the highest predation rate was on C. macellaria. With
seoond indar prey, there was complete predation on C. megacephala within 90 min, whereas in C. macellaria only
55% of the larvae were eaten by 90 min. For third ingtar prey most predation on C. macellaria (80%) occurred
within 90 min, whereas in C. megacephala only 35% of the larvae were eten by 90 min. Chrysomya albiceps
changes the predatory behavior onits preys depending on which instar and speciesit will consume.
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INTRODUCTION

Blowflies usually feed on carcasses which,
because of their ephemeral nature, provide only
limited resources for several species (Kneidd,
1984p, b). The aburdance of flies and the high
number of species in carcasses results in depletion
of this food supdy and flies cannot persist for
more than one generation on this sibstrate
(Putman, 1977 Hanski, 1987 lves, 1988. Then,
carrion size limits the availability of food, which
in turn influences the life history of each species
(Denno and Cothran, 1975. When resources are
limited, there may be competition, cannibalism or
predation among species (Ullyett, 195Q Palis,
1981 Faria et al., 1999. Individuals of different
instars generally coexist in carrion, and this
increases the chance of encounters between

"Author for correspondece

predators and prey or between weak and strong
competitors (Taylor, 1984).

Among blowflies, two gpecies, Chrysomya
rufifacies and C. albiceps, are facultative predators
on the other dipteran larvae (Fuller, 1934 Coe,
1978 Gagné, 1981, Erzinglioglu and Whitcombe,
1983. Aswith aher blowfly species C. ruffifacies
and C. albiceps preferentially consume carcass
until resources bewme limiting. However, when
food is <arce, both species may change their
behaviour to become facultative predators (Ullyett,
195Q Faria et al., 1999. As predators, these
species show interspecific preferences (Wells and
Kurahashi, 1997 Faria & al., 1999), which may
change according to the prey species available
(Faria and Godoy, 2001), i.e. they are generalist
predators.

Generalist predators may choose their prey based
on the energetic value and cost associated with
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capture and indigestion (Charnov, 1976. Optimal
foraging theory (Stephens and Krebs, 1986
asaumes that predators use different prey to
maximize their energetic gain. It has been usually
asaumed that the energetic value and the encounter
rate are functions of prey size and, therefore, that
predators prefer large prey, which dfer more
nutritional advantages (Charnov, 1976. In
addition, prey detedion, and the mobility and
rapidity of the predator following prey contact are
constraints that may strongly influence the success
of prey capture (Malcolm, 1992.

The preference of different spedes has been
related to factors such as sex (Selander, 1966, age
(Sandling and Willig, 1993, size (Zerba and
Cadllins, 1992, spatial location (Murdoch et al.,
1975 and chance encounters (Sherratt and
Mcdougall, 1995. Several authors have suggested
that size is an important factor in determining
vulnerability of prey (Barbeau and Scheibling,
1994 Ofuya, 1995 Suchman and Sullivan, 2000.
Age and size structure in predator and prey
populations can geatly influence predation
(Taylor, 1984). The two best known age
dependent aspeds of predation are the
development of hunting skills and the relative
vulnerability of young and old prey (Taylor,
1984). All of these factors can influence the
predator handing time, which varies according to
the prey used (Gotdlli, 1995.

Old World flies of the genus Chrysomya were
introduced into the Americas in the mid 197Gs
(Guimarées & a., 1978, 1979, Baumgartner and
Greenberg, 1984 Laurence, 1986. These flies
have since become widespread and abundant in the
Neotropical region, with the main spedes being C.
albiceps, C. megacephda and C. putoria
(Guimardes & al., 1978, 1979, Prado and
Guimaraes, 1982. The introduction of Chrysomya
species has affected the native fauna composition
to the etent that the native calliphorid C.
macdlaria has snce become rare or extinct in
some regions (Guimaraes e al., 1979; Prado and
Guimarades, 1982 Baumgartner and Greenberg,
1984 Paralupp and Castellon, 1994).

Competition and predation between Chrysomya
spp. and C. macdlaria have had a strong negative
effed on C. macdlaria (Wells and Greenberg,
1992, b, c; Faria e al., 1999; Reis & al., 1999
Von Zuben & al., 2000. In location where C.
albiceps and C. putoria were abundant the native
species was reduced by almost 90 % (Baumgartner
and Greenberg, 1984). Chrysomya albiceps is a
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facultative predator during its larval stage, and
experimental evidences indicate that C. albiceps
has a stronger impact on the third larval instar of
C. macdlaria than on aher species (Wdls and
Greenberg, 1992; Wells and Kurahashi, 1997
Fariaet al., 1999.

Although there is ssme information on behaviour
related to prey capture and consumption (Wells
and Greenberg, 19923, Wdls and Kurahashi,
1997 Faria et al., 1999 Faria and Godoy, 2001,
no systematic study has examined the relationship
between predatory behaviour and prey size or
species among blowflies. In this work, we
examined the influence of prey size and prey
species on predation by the facultative predator
C. albiceps under laboratory conditions.

MATERIALS AND METHODS

Laboratory populations of C. albiceps, C.
megacephda and C. macdlaria were abtained
from specimens collected on the campus of the
Universidade Estadual Paulista. Adult flies were
maintained at 25 + 1° C in cages (30 cm x 30 cm X
30 cm), covered with nylon and were fed water
and sugar ad libitum. Eggs were obtained by
providing females with fresh beef liver. Hatched
larvae were reared on an excess of ground bed
until the third instar in the case of C. albiceps
(predator), and until the first, second and third
instarsin the case of C. megacephda (prey) and C.
macdlaria (prey), at which point they were used
in the eperiments described below. The larval
instars were identified based on accepted
morphological characters used to separate the
various development stages of blowflies (Prins,
1982 Greenberg and Szyska, 1984; Erzinglioglu,
1990 Tantawi and Greenberg, 1993 Queroz
et al., 1997.

Predation rates were evaluated in no-choice
situations in which first, second o third instars C.
megacephda or C. macdlaria were placed
together with third instar C. albicepsin a Petri dish
(30 mm diameter). One specimen o each spedes
per pair (C. albiceps x C. megacephda or C.
albiceps x C. macdlaria) was used for each larval
stage. Forty Petri dishes were prepared for each
combination and were placed on an illuminated
laboratory bench at room temperature. The larvae
were observed continuously for 3 h and the
instances of predation on C. megacephda and C.
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macdlaria larvae by C. albiceps were recorded
every 30 min. Predatory behaviour was considered
succesful when C. albiceps surrounded and
mortally pierced its prey which strugded violently
in response.

The number of kill ed and surviving larvae of each
species in each setting was analysed statistically
using the x* test for the homogeneity of rates. The
rates of predation on each species were analysed
further by considering only the cases of predation,
and were compared between species using the x
test. The predation rate distribution over time was
also compared between species and within instars
using the x* statistics. In all comparisons the Y ates
correlation for continuity of the x* statistics was
applied (Zar, 1999.

RESULT S

Tables 1-3 show the predation rates for the total
number of vials (%) and the cumulative predation
rate (%) for conseaiutive time intervals in the
different combinations. For first instar prey, the
highest predation rate by C. albiceps (20%) was on
C. megacephda, compared to 125% on C.
macdlaria (Table 1). However, the predation rates
were statistically homogeneous (x* = 0.36; d.f. =
2; p > 0.05). The distribution o predation rates
over time was also statistically homogeneous (x* =
0.31; d.f. = 4; p > 0.05). Thus, the predation rates
by C. albiceps and their distribution over time
were the same for both species (Table 1).

With second instar prey (Table 2), the highest
predation rate by C. albiceps (100%), was again
on C. megacephda, compared to 925% on C.
macdlaria; these predation rates were statistically
homogeneous (x° = 1.41; df. = 2; p> 0.05). There
was complete predation onC. megacephda within
90 min, whereas in C. macdlaria only 55% of the
larvae were aten by 90 min. As a result, the
distribution o predation by C. albiceps over time
was sgnificantly different (x* = 18.94; d.f. = 4; p
< 0.05). Although the predation rates were the
same, the time spent attacking C. megacephda
was lessthan for C. macdlaria (Table 2).

For third instar prey, the highest predation rate
(95%) was on C. macdlaria, compared to 72.5%
on C. megacephda (Table 3). However, the
predation rates were statistically homogenouws (x°
= 5.88; df. = 2, p > 0.05. Most predation on
C. macdlaria (80%) occurred within 90 min,

whereasin C. megacephda only 35% of the larvae
were aten by 90 min. The distribution o the
predation rates over time were therefore
significantly different (x* = 14.1; df. = 4; p <
0.05). Although the predation rates by C. albiceps
were the same for the two prey, the predation rates
on prey spedes changed according to the instars,
and the distribution over time for predation on C.
macdlaria was dorter than for C. megacephda
(Table 3).

There was a significant difference in the predation
rates among the three instars of C. megacephda
and the number of survival preys (x* = 53.69; d.f.
= 3; p< 0.05) (Fig. 1a). The highest predation rate
by C. albiceps was on the second instar with all
larvae being kill ed. The predation rate on the third
instar was 72.5% and on the first instar, 20%.
There was also a significant difference in the
predation rates (x* = 10.54; d.f. = 2; p < 0.05), and
in the distribution o these rates over time for the
last two instars (x* = 33.76; d.f. = 4; p < 0.05).
The predation rates on the three instars of C.
macdlaria and the preys that were not kill ed were
significantly different (}* = 74.44; d.f. = 3; p <
0.05). The highest predation rate by C. albiceps
occurred on the third instar, with 95% of the larvae
killed. On the second instar, the rate was 92.5%
and onfirst instar, 12.5%. However, between the
sewond and third instars, there was datistical
homogeneity for the predation rates (x* = 0; d.f. =
2; p> 0.05), and their distribution (x* = 4.54; d.f.
= 4; p> 0.05) (Fig. 1b).

DISCUSSON

Our results suggest that the preference for prey
depended to some extent on the instar. Chrysomya
albiceps showed dfferent predatory behaviour
depending on the species and instars. Different
predation rates between C. rufifacies larval instars
and C. macdlaria were described by Wells and
Greeberg (19923), with the third instar being
most frequently attacked. Chysomya rufifacies
showed predatory behaviour only in the third
instar. However, C. macdlaria was attacked by C.
rufifacies in both the second and third instars
(Wells and Greenberg, 1992). Many factors
influence prey selection.
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Table 1 - Predation rates by Chrysomya albiceps on larvae of first instar of Chrysonmya megacephaa and

Cochliomyia macellaria.

. : C. megacephala C. macdllaria
Time (min) PR CR PR CR
30 5 5 0 0
60 5 10 0 0
90 0 10 75 75
120 5 15 0 7,5
150 25 17,5 0 7,5
180 25 20 5 125
Total 20 20 125 125

PR = Predation ratesfor n=40
CR=Cumulative rate

Table 2 - Predation rates by Chrysomya albiceps on larvae of second ingar of Chrysomya megacephala and

Cochliomyia macellaria.

. : C. megacephala C. macdllaria
Time (min) PR CR PR CR
30 35 35 25 25
60 475 825 225 475
90 17,5 100 75 55
120 - - 17,5 725
150 - - 10 825
180 - - 10 925
Total 100 100 925 925

PR = Predation ratesfor n=40
CR=Cumulative rate

Table 3. Predation rates by Chrysomya albiceps on larvae of third ingar of Chrysomya megacephala and

Cochliomyia macellaria.

. : C. megacephala C. macdllaria

Time (min) PR CR PR CR
30 10 10 225 225

60 125 225 425 65

90 125 35 15 80

120 20 55 10 90
150 15 70 5 95
180 25 725 0,0 95
Tota 725 725 95 95

PR = Predation ratesfor n=40
CR=Cumulative rate

The prey size is important in terms of optimum
foraging (Zerba and Collins, 1992, and may
contribute to prey wulnerability (Barbeu and
Scheibling, 1994 Ofuya, 1995 Suchman and
Sullivan, 2000. Chance encounters between prey
and predator (Sherratt and McDougall, 1995 and

prey and predator age (Sandling and Willig, 1993
are also important factors in the dynamics of
predation.

Optimal foraging theory assumes that predators
use different prey types to maximize their rate of
energetic gain (Stephens and Krebs, 1986. Even if
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the energetic value of the prey is a key factor in
prey sdection, foraging predators usually face
several problems that may influence their net
energy gain and, consequently, prey profitability
(Krebs and McCleery, 1984). Studies of prey-
predator and host-parasitoid dynamics have shown
that the capture rate may deaease with increasing
prey size because of better defense responses in
larger prey or a greater ability to escape (Pastorok,
1981 Chau and Mackauer, 1997). According to

~~
&

optimal foraging theory, predators are expected to
use large prey in arder to maximize energy return
(Schoener, 1969. On the other hand, consuming
smaller prey may be advantageous if large preys
are costly in terms of the risks of injury. Better
defense responses by the prey may increase the
risk of predator death as wdl as the time nealed to
handle prey (Pastorok, 1981 Sabdis, 1992. As a
result profitable larger prey may beless
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Figure 1 - Consumption of blowfly larvae by Chrysomya albiceps. (a) Consumption of Chrysomya
megacephala larvae by Chrysomya albiceps according to instar; (b) Consumption of
Cochliomyia macellaria larvae by Chrysomya a biceps according to instar.

Hence, even if the nature of the costs associated
with the use of small and large prey is different,
both could result in a lower net energy gain than
with intermediate sized prey (Roger et al., 2000.
Elner and Hughes (1978 studied the predation of

shelfish by crabs and noted that crabs preferred
intermediate preys to increase profitability. Similar
behaviour was observed by Roger et al. (2000,
with predatory coccinglids attacking more
lepdopteran larvae of intermediate size.
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This kind o behaviour could be described as a
convex curve to the axis, where the highest peak
of predation is placed in mid point, when
compared to smaller or larger point (Pastorok,
1981).

In aur study, the first instar prey was smaller than
the predator and this have made their detedion by
the predator difficult. Such a benefit could serve as
atype of refuge (Suchman and Sullivan, 2000. On
the other hand, third instar prey were the same size
as the predator and had been difficult to attack.
However, they were the asiest to deted as a
consequence of chance encounter, and their abili ty
to escape (meant that the predator had to spend
more time handling them) (Faria, 2001). Prey of
intermediate size was easier to find than first instar
larvae and had a weaker defense response than
third instar larvae. This behaviour occurred mainly
with C. megacephda larvae as prey.

Significant negative correations between prey size
and consumption rate occurred in spiders (Henaut
et al., 2001). However the defensive behaviour of
prey may also influence the consumption rate of
predators (HoughGoldstein, 1996 Henaut et al.,
200)). This behaviour could explain the shift in
prey preference among blowfly instars. In the
seond instar, C. megacephda was more
vulnerable to predation by C. albiceps than C.
macdlaria. Chrysomya albiceps fed more
voraciously on C. megacephda than C.
macdlaria, and C. megacephda showed less
agility in escaping from C. albiceps. In addition to
prey wvulnerability, other factors such as
palatability and pheromones could explain the
rapid capture of C. megacephda second instar
larvae.

The force required by the predator to bite and the
work involved in biting are additional factors
probably associated with prey size (Andrews and
Bertram, 1997. A combination o mechanical
measurements in vitro with behaviour analysis
could provide an estimate of the total mechanical
labor per fealing event. Such an analysis could
indicate whether the total labor increases with prey
size and whether the difference between prey types
is far less than predicted by variations in the
structural properties of the prey (Andrews and
Bertram, 1997).

Faria et al. (1999 analysed the predation rates of
C. albiceps on third instar larvae of C.
megacephda, C. putoria and C. macdlaria.
Chrysomya albiceps attacked more C. macdlaria
larvae than C. megacephda and C. putoria larvae

Faria, L. D. B. et al.

in choice &peiments. In the absence of C.
macdlaria larvae, C. albiceps attacked more C.
putoria larvae than C. megacephda larvae (Faria
and Godoy, 2001). These results clearly showed
that C. albiceps chose alternative prey when the
preferred prey was not present. We concluded that
there were significant diff erences among the three
species of prey (C. megacephda, C. putoria and
C. macdlaria) since C. albiceps showed a graded
preference for them. Second instar larvae of C.
megacephda were consumed more quickly than
C. macdlaria larvae. Our initial expectation was
for the opposite to occur since C. macdlaria had
been displaced by C. albiceps, C. putoria, C.
rufifacies and C. megacephda following
introduction of Chrysomya about 25 years ago to
the Americas (Prado and Guimarées, 1982 Wdlls
and Greenberg, 19923, b, c).

To conclude, C. albiceps seaned to change its
predatory behaviour as a function of prey
development stage and species. In carcasss, the
presence of different blowfly species in different
life stages is common. Larval predation is
probably a frequent interaction in carcasss snce
the food is generally scarce and rumber of prey
and predator present is frequently high.
Chrysomya albiceps plays an important role in
neaophagous dipteran community since it behaves
as an intraguil d predator (Polis et al., 1989.

ACKNOWLEDGEMENTS

This work was supported by grants from Fundagdo
de Amparo a Pesguisa do Estado de Sao Paulo
(No. 01/112351). LDBF, WACG and SFR thank
research fdlowships from Fundagdo Coordenagéo
de Aperfeicoamento de Pessoal de Nivel Superior
and Conselho Nacional de Desenvavimento
Cientifico e Tecndégico. The authars also thank
Dr. Stephen  Hyslop  (Department of
Pharmacology, UNICAMP) for reviewing the
English of the manuscript.

RESUMO

Chrysomya albiceps (Diptera: Calli phoridage) é
uma predadora facultativa sobre outras moscas-
vargjeiras, durante o terceiro instar larval. Nesse
estudo, nos investigamos a taxa de predacéo de C.
albiceps sobre larvas de primeiro, segundo e
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terceiro instar de C. megacephda e C. macdlaria
comparando a vulnerabilidade dos instares larvais
frente a predadora. Para as presas de primeiro e
segundo instar, C. albiceps apresentou maior taxa
de predacgéo sobre C. megacephda. Ja sobre larvas
de terceiro instar a predadora consumiu mais C.
macdlaria. O comportamento de C. albiceps sobre
as duas espécies de presas sugere uma mudanga na
estratégia de forrageio da predadoa e ess:
mudanca pode ter influencia sobre a comunidade
de dipteros necrofagos.
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