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Abstract: We analysed the stochastic dynamics of Musca domestica L. (Muscidae) and Chrysomya putoria
(Wiedemann) (Calliphoridae), 2 important dipteran species that are pests of poultry housing. The study is an
attempt to examine demographic attributes of each species and compare ecological patterns of fluctuation, by
combining empiricism with ecological modelling. The results of the ecological simulations suggest differences
between the 2 species with respect to susceptibility to local extinction. Musca domestica is a species with a
better population performance than that of C. putoria, mainly with respect to its swrvival. Chrysomya putoria
15 apparently more prone to extinction than s M. domestica and with stochastic fecundity exlubited
fluctuations trending to cyclic oscillations, differing clearly from M. domestica. A reverse result was observed
m M. domestica. With stochastic survival it was more prone to exhibit cycling than was C. puforia These
results are important to the implementation of population-control programs, mainly emphasising the implications

of biological invasions and colonisation of new areas by exotic species.
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INTRODUCTION

Musca domestica (L.) (Muscidae) and Chrysomya
putoria (Wiedemann) (Calliphoridae) are successful
species i1 many parts of the world, because of their short
life cycles and high growth rates (Krafsur et al., 1985;
Axtell and Arends, 1990). They are among the main pests
in poultry farms, cause myiasis and transmit pathogens to
ammals and when they are synanthropic, to humans
(Greenberg, 1973; Burg and Axtell, 1984; Guimaraes, 1985;
Mendes and Linhares, 1993, Guimaraes and Papavero,
1999).

Several studies have shown that fly larvae
developing in substrates such as dung or carrion are
subject to mtraspecific competition, with adverse
effects upon their fitness and dramatic consequences
for thewr population dynamics (Ives and May, 1985;
Von Zuben et al., 1993; Serra et al., 2007). Dynamic
behaviour 1s an important component for the assessment
of relevant demographic aspects (Bulmer, 1994). However,
this behaviour usually depends on factors such as growth
rate, expressed directly or indirectly by fecundity and
survival, but associated with camrying — capacity
(Lande, 1993; Uchmanski, 1999; Godoy et al., 2001). The

values of demographic parameters may exhibit high
variation among different species and populations and the
causes of varation are usually diverse and depend upon
the environment and/or biological attributes of each
organism (Serra ef al., 2007).

The objective of this study was to examine the
stochastic dynamics of M. domestica and C. putoria, in
an attempt to contribute to the understanding of the
population dynamics of both species, considering
stochasticity in 2 important demographic parameters,
fecundity and survival, combining laboratory experiments
with ecological modelling. Then the present study
presents an ecological analysis with mathematical
modelling, in demographic parameters that are important
for the persistence of the exotic species C. putoria and
the cosmopolitan M. domestica, aiming to examine
patterns of dynamic behaviour that are essential for
population-control programs in flies.

MATERIALS AND METHODS

Fly collection and experiments: Adults of M. domestica
and C. putoria were collected mn natural environments
from Botucaty, state of Sac Paule, Brazil, using raw
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Table 1: Mean daily fecundity and percentage survival of Misca domestica_and Chrysomya putoria at different larval densities

Musca domestica Chrysomya putoria
Fecundity Survival Fecundity Survival

Density n X 8D n X +8D n X +8D n X +8D
100 20 11.440.88 2 85.5+0.2 90 18.7443.45 4 73.2543.86
200 20 10.3£1.55 2 71.5+0.2 90 17.16+2.27 4 70.12+5.08
300 20 8.554+0.82 2 51.5+0.2 90 16.80+4.88 4 39.66+5.47
400 20 8+0.72 2 43+0.4 90 15.7243.13 4 40.12+5.21
500 20 6.25+1.01 2 42+0.4 90 17.23+3.34 4 44.70+£5.29
600 20 5.45+0.88 2 42+0.2 90 15.46+3.11 3 45.05+8.44
700 20 4.5¢1.1 2 41.5£0.3 90 12.99+3.04 3 52.95£2.06
800 20 4.05+0.88 2 43.5+0.4 90 10.91+2.45 3 52.41+1.82
900 20 3.4£0.99 2 42+0.14 90 11.57+3.05 3 38.92+3.52
1000 20 3.35+0.98 2 40.5+0.4 60 12.66+3.53 2 25.10=4.24
1100 - - - - 60 Q.78+3.42 2 20.95+£3.60
1200 - - - - 60 8.63+2.35 2 19.41£2.24
1300 - - - - 30 8.20+2.80 1 25.38

1400 - - - - 30 7.39+1.80 1 9.35
1500 - - - - 30 8.27+1.98 1 10.93

1600 - - - - 30 7.52+1.25 1 7.18
1700 - - - - 30 8.01+1.79 1 13.64

1800 - - - - 30 8.69+1.63 1 18.00

1900 - - - - 30 6.54+1.66 1 7.94

2000 - - - - 30 6.78+1.58 1 4.65

Table 2: Parameters of regression analysis of fecundity and survival on larval
densities of Misca domestica and Chrysomya putoria

Parameters and statistics  Musca domestica Chrysomya putoria
Intercept (F*) 11.7+0.14 19.4740.288
Regression coefficient (f)  0.00036+0.0000322 0.000594+0.0000152
t-value 122 38.94

r 0.6 0.55

ANOVA 304 1516

Intercept (S*) 0.67+0.06 0.82+0.0686
Regression coefficient (s)  0.00079+0.000138 0.00116+0.0000876
t-value 471 13.26%

r 0.64 0.8

ANOVA 32.5% 176%

#p<0,001

bovine liver as bait and a fly net. The specimens were
transported alive to the laboratory where they were
anaesthetised in a low temperature and then were
identified morphologically based on Carvalho and
Mello-Patiu (2008).

The flies were kept in separate cages (30x30%30 cm)
with nylon screens on the sides to allow ventilation, in a
climate chamber with a 12 h photoperiod, at 25+1°C and
70£10% relative humidity. The flies were fed raw bovine
liver, sugar and water to allow the complete development
of the gonotrophic cycle (Linhares, 1988). Raw ground
beef was used as the medium for oviposition. The eggs
were removed from the substrate by means of a fine brush
and were transferred to plastic vials (68 cm) contaiung
an artificial larval diet that consisted of casein, agar,
brewer’s yeast, powdered whole milk and water
(Leal et al., 1982).

The expeniments were performed using the F,
generation, which is the progeny of one generation that
had completed its life cycle m the laboratory. Intraspecific
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competition among larvae, since the first mstar, was
established in the laboratory by setting 10 larval densities
for M. domestica and 20 for C. putoria (Table 1). Larval
densities were set to simulate exploitative competition
among mmmatures, which 1s known to occur under natural
conditions (Lommnicki, 1988). Survival was estimated as the
number of adults emerging from each vial. Fecundity was
measured by counting the number of eggs per female,
expressed as the mean daily egg output based on the
length of the gonotrophic cycle.

Ecological modelling: Prout and McChesney (1985)
developed a mathematical model applied to investigate the
population dynamics of Drosophila melanogaster
(Meigen) (Diptera: Drosophilidae). The model is described
by a difference equation that models the dynamics, taking
into account the number of immatures in succeeding
generations. The equation incorporates the variation of
fecundity and survival as functions of the density of
immature individuals. The recursion can be written as:

|- —-(f+e)n
n, =—-FSe ',

where Fecundity (F) and Swurvival (S) are decreasing
functions of n,. The factor ¥ indicates that only half of the
population is adult females, which contribute eggs to next
generation. An exponential function was used because 1t
fitted the blowfly data as well as or better than linear and
hyperbolic functions m previous studies (Table 2). The
parameters F and S were allowed to oscillate between the
maximum and minimum mean values of overall densities
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(Table 1). The function rand (Matlab 5.0) was employed to
simulate the stochastic dynamics for fecundity and
survival of M. domestica and C. putoria, with uniform
distribution, in order to ensure that all the values between
the established bounds had the same chance of
occurrence. For each species and stochastic parameter,
1,000 simulations were run (Hanselman and Littlefield,
1997).

RESULTS AND DISCUSSION

Stochastic fecundity produced similar results for
M. domestica and C. putoria (Fig. 1). The minimum value
obtained by the estimates for both species was around
300 individuals, suggesting that random values of
fecundity have practically the same chance of reaching
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population sizes of this magnitude for both species. On
the other hand, for stochastic survival, C. putoria clearly
exhibited values closer to zero than did M. domestica
(Fig. 2). In addition, even under the stochastic effect of
fecundity on C. putoria, it exhibited fluctuations trending
to cyclic oscillations, differing clearly from M. domestica.
An interesting result occurred for survival, which
suggests a reverse result if compared to the previous one,
1.e., M. domestica was more prone to exhibit cycling than
was C. putoria (Fig. 2).

The results suggest that M. domestica is a
species with a better population performance than that of
C. putoria, mainly with respect to its survival. Although
the set of densities differed between the 2 species, the
highest density of M. domestica produced a very low
fecundity, which was not observed in C. puforia
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Fig. 1: Persistence in Musca domestica and in Chrysomya

putoria with stochastic fecundity
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Fig. 2: Persistence in Musca domestica and in Chrysomya putoria with stochastic survival

(Table 1). In addition, the lowest survival value for
M. domestica was much higher than for C. putoria, if the
same density is compared (Table 1). Musca domestica and
C. putoria have been investigated in the laboratory by
using the Prout and McChesney (1985) model, but with
deterministic emphasis (Godoy et al., 1993; Tardelli et al.,
2004). The findings suggest that M. domestica exhibits a
stable equilibrium and C. putoria a two-point limit cycle
(Godoy et al., 1993, Tardelli er al., 2004). The results
found by Tardelli ef al. (2004) indicate that M. domestica
is more prone to maintain a stable population size. On the
other hand, the study by Godoy et al. (1993) suggested
that C. putoria may exhibit oscillations. We do not know
the exact reason that cyclic tendencies were obtained for
both species in the current study. This result is probably
a response to a combination of demographic values,
which were probabilistically produced by a random-
number generator. However, it is important to consider
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these inversions in natural populations and their
consequences for population dynamics of the fly species.

Population fluctuations and interactions in insects,
particularly in  blowflies, have been systematically
studied since the classic studies by Nicholson (1935,
1957) until more-recent studies, which show interactive
ecological aspects (Faria ef al., 1999; Godoy et al., 2001,
Godoy, 2007; Giao and Godoy, 2007). Chrysomya putoria
i1s a species originating in Africa, but it was introduced
to the Americas about 35 years ago together with
C. megacephala, C. albiceps and C. rufifacies
(Guimaraes et al., 1978, 1979; Baumgartner and Greenberg,
1984). Tt has been considered a successful species,
exhibiting characteristics of an invader and coloniser
(Prado and Guimaraes, 1982). In addition, it has
significantly influenced the abundance of the native
species (Reis ef al., 1999) together with other exotic
blowflies (Faria etal., 1999, Rosaetal.,2004; Fariaet al.,
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2007). In spite of this, M. domestica i3 a cosmopolitan
species (Rossi and Godoy, 2006), an attribute which
confirms the high ability of the insect to survive and
persist under adverse conditions (Axtell and Arends,
1990).

Recently, Serra et al. (2007) investigated the
stochastic dynamics of 5 blowfly species, by using a
mathematical model with emphasis on local migration,
concluding that C. puforia 13 one of the species which
exhibits the best performance for local persistence.
However, comparing its performance with M. domestica
in the current study, it shows an inferior survival pattern.
It 13 interesting to observe that immediately after the
mvasion by the Chrysomya species n Brazil, C. putoria
exhibited a higher frequency in poultry housings than did
M. domestica (Prado and Guimaraes, 1982). However, in
recent years this scenario has changed and nowadays its
abundance differs significantly among areas m Brazil
(Mendes and Linhares, 1993; Carvalho et al., 2000,
Serbino and Godoy, 2007). Tt is possible that the invasion
process by the Chrysomya species that began in Brazil
35 years ago has been causing changes in the muscoid
faunal structure. In this sense, studies such as the present
one show that demographic parameters
significantly the population dynamics and persistence of

influence

tly species of economic importance. Musca domestica and
C. putoria both have important ecological and
demographic attributes that make them excellent biological

models for studies on the population biology of pests.
CONCLUSION

The results found in this study have potential
the
dynamics, mainly when the population performances of
M. domestica and C. putoria are compared, taking into
account the sensitivity of the survival and fecundity

practical implications for analysis  of pest

parameters to variation between maximum and minimum
values. A tendency for population cycling was observed
m M. domestica with stochastic survival and m C. putoria
with stochastic fecundity. The simulations of stochastic
survival suggest that C. putoria 1s more prone to local
extinction than 1s M. domestica.

ACKNOWLEDGEMENT

The research was supported by grants from FAPESP.
TISR received a scholarship from CAPES. PIT, CR and
TCM have been supported by scholarships from FAPESP.
WACG has been partially supported by CNPq.

538

REFERENCES

Axtell, RC. and TJ. Arends, 1990. Ecology and
management of arthropod pests of poultry. Ann. Rev.
Entomol., 35: 101-126. DOL: 10.1146/annurev.en.35.
010190.000533. PMID: 2405769, http://arjournals.
annualreviews.org/doi/pdf/10.1146/annurev.en.35.0
10190.000533.

Baumgartner, D.L. and B. Greenberg, 1984. The genus
Chrysomya (Diptera: Calliphoridae) in the New
World. J. Med. Entomol., 21: 105-113. http://esa.
publisher.ingentaconnect.com/content/esa/jme/1 984/
00000021/00000001 /art0001 8.

Bulmer, M., 1994, Theoretical Evolutionary Ecology.
Sinauer Associates Publishers. 1st Edn. Sunderland,
Massachusetts, pp: 352. [ISBN: 0-87893-078-7.

Burg, I.C. and R.C. Axtell, 1984. Monitoring house fly,
Musca domestica (Diptera: Muscidae) in caged-layer
poultty houses using a baited jug-trap. Environ.
Entomol., 13: 1083-1090. http://esa. publisher.ingenta-
connect.com/content/esa/envent/1 984/00000013/00
000004/art00032,

Carvalho, C.J.B. and C.A. Mello-Patiu, 2008. Key to the
adults of the most common forensic species of
Diptera in South America. Revta Brasil. Entomol.,
52:390-406.DOL: 10.1590/30085-5626200800030001 2.
http:/Awww. scielo. br/scielo. php?script=sci_arttext&
p1d=50085-5626200800030001 2& Ing=.

Carvalho, L.MIL., P.J Thyssen, A.X. Linhares and
F.AB. Palhares, 2000. A checklist of arthropods
associated with pig carrion and human corpses in
Southeastern Brazil. Mem. Inst. Oswaldo Cruz,
95:135-138. DOL: 10.1590/S0074-02762000000100023,
PMID: 10656720, http://www.scielo.br/scielo. php?
script=sci_arttext&pid=S0074-02762000000100023
&lng=.doi: 10.1590/50074-02762000000100023,

Faria, L.D.B., L. Orsi, L.A. Trinca and W.A.C. Godoy,
1999. Larval predation by Chrysomya albiceps on
Cochliomyia macellaria, Chrysomya megacephala
and Chrysomya putoria. Entomol. Exp. Applied,
90: 149-155.DOL: 10.1046/.1570-7458.1999.00433.x.
http://www3.interscience. wiley.com/journal/1 19060
758/abstract.

Faria, .D.B., C. Reigada, I..A. Trinca and W.A.C. Godoy,
2007. Foraging behaviour by an intraguild predator
blowtly, Chrysomya albiceps (Diptera: Calliphoridae).
I. Ethol., 25: 287-294. DOIL: 10.1007/510164-006-
0025-9. http: /fwww.springerlink.com/content/
2u8h46761x374208/7p=298674d1a70242669d1 Oad369
cf54118&pi=9.



J. Anim. Vet. Adv., 8 (3): 534-540, 2009

Giao, J.Z. and W.A.C. Godoy, 2007. Ovipositional
behavior in predator and prey blowtlies. J. Ins.
Behav., 20: 77-86. DOL: 10.1007/81 0905-006-9064-x.
http:/fwww springerlink com/content/v673461n5538
41 45/7p=78e37ced90c54cTbbd045e4600e5d00 & pi=6.

Godoy, WA.C, SF. Dos Reis, CI. Von Zuben and
OB. Ribewro, 1993. Population dynamics of
Chrysomya putoria (WIED) (Diptera: Calliphoridae).
I. Applied Entomol., 116: 163-169.

Godoy, WA.C, FJ. Von Zuben, C.J. Von Zuben and
S.F. Reis, 2001. Spatial-temporal dynamics and
transition from asymptotic to bounded oscillations
in Chrysomya albiceps (Diptera: Calliphoridae). Mem.
Inst. Oswaldo Cruz, 96: 627-634. PMID: 11500759.
http://memorias.ioc. fiocruz br/965/4165 html.

Godoy, W.A.C., 2007. Dynamics of blowfly populations.
Func. Ecos. Comm., 1: 129-139. http://www.global
sciencebooks.info/Tournals Sup/07FEC 1 2.html.

Greenberg, B., 1973. Flies and Disease, Biology and
Disease Transmission. 1st Edn. New Jersey:
Princeton Umniv. Press, 2. 447. ISBN: 978-0-691-
08093-2.

Guimaraes, J.H., AP. Prade and A X Linhares, 1978.
Three newly mtroduced blowfly species in Southern
PBrazil (Diptera: Calliphoridae). Revta Bras. Entomol.,
22: 53-60.

Guimaraes, JH., AP. Prado and G.M. Buralli, 1979.
Dispersal and distribution of 3 newly mtroduced
species of Chrysomya Robineau-Desvoidy in Brazil
(Diptera, Calliphoridae). Revta. Bras. Entomol.,
23: 245-255.

Guimaraes, J.H. and N. Papavero, 1999. Myiasis in Man
and Animals in the Neotropical Region. 1st Edn.
Bibliographic database. Sao Paulo: Pléide/FAPESP,
pp: 308, ISBN: 85-85795-05-0.

Guimaraes, J.H., 1985, Synanthropic flies. Perspectives of
integrated managemment in Poultry housing in Sao
Paulo State. Agroquimica, 28: 10-15.

Hanselman, D. and B. Littlefield, 1997. The Student
Edition of MATLAB. 1st Edn Version 5.
Prentice-Hall, Upper Saddle River, NI, pp: 429.
ISBN: 132725509,

Ives, AR. and R M. May, 1985. Competition within and
between species in a patchy environment. Relations
between microscopic and macroscopic models. J.
Theor. Biol., 115: 65-92.

Krafsur, E.S., R.D. Moon and C.J. Church, 1985. Age
structure and reproductive listory of some
overwintering face fly (Diptera: Muscidae)
populations in North America. Ann. Entomol. Soc.
Am., 78: 480-487.

539

Lande, R., 1993. Risks of population extinction from
demographic and environmental stochasticity and
random catastrophes. Am. Nat., 142: 911-927. http://
www. jstor.org/sici ?sici=0003-0147(199312)142%
3A6%3C911%3AROPEFD%3E2.0.CO%3B2-W&
cookieSet=1.

Leal, T.T.S., AP. Prado and A.J. Antunes, 1982. Rearing
the larvae of the blowfly Chrysomya chloropyga
(Wiedemann) (Diptera: Calliphoridae) on oligidic
diets. Revta Bras. Zool., 1: 41-44.

Lmhares, A.X., 1988 The gonotrophic cycle of
Chrysomya megacephala (Diptera, Calliphoridae) in
the laboratory. Revta Bras. Entomol., 32: 383-392.

Lommcki, A, 1988  Population Ecology of
Individuals. Princeton. 2nd Edn. New Jersey,
Princeton Umiversity Press, pp: 223. ISBN: 978-0-691 -
08462-6.

Mendes, J. and A.X. Linhares, 1993. Bait attractivity,
seasonality and ovarian development in several
species of Muscidae (Diptera). Rev. Bras. Entomol.,
37: 289-297,

Nicholson, A.J. and V.A. Bailey, 1935. The balance of
anmimal populations. Part 1. Proc. Zool. Soc. Lond.,
3: 551-598.

Nicholson, A.J., 1957. The self adjustment of populations
to change. Cold Spring Harbor Symp. Quant. Biol.,
22:153-173.

Prade, AP. and JH. Guimaraes, 1982. Current state
of  dispersal distribution ~ of  the
genusChrysomya Robineau-Desvoldy m Neotropical
region (Diptera: Calliphoridae). Rev. Bras. Entomol,,
26: 225-231.

Prout, T. and F. McChesney, 1985. Competition among
mmmatures affects their adult fertility: Population
dynamics. Am. Nat., 26: 521-558. http://fwww jstor.
org/stable/pdfplus/2461 536 pdf.

Reis, SF., C.J. Von Zuben and W.A.C. Godoy, 1999.

aggregation for food i1n experimental
population of Chrysomya putoria (Wied) and
Cochliomyia macellaria (F.) (Dipt. Calliphoridae). 1.
AppliedEntomol., 123: 485-489. DOT: 10.1046/).1439-
0418.1999.00397 x. http://www3.mterscience wiley.
com/journal/119078484/abstract?CRETRY=1& SRET
RY=0.

Rosa, G.5.,, LR. Carvalho and W.A.C. Godoy, 2004.
Survival rate, body size and food abundance in pure
and mixed blowfly cultures. Afr. Entomol., 12: 97-105.
DOI: 5289.35400011361806.0110. http: //cat. imst. fr/?
aModele=afficheN&cpsidt=15878328.

and

Larval



J. Anim. Vet. Adv., 8 (3): 534-540, 2009

Rossi, MN. and W.A.C. Godoy, 2006. Prey choice by
Nesticodes rufipes (Aranae: Theridiidae) on Musca
domestica (Diptera: Muscidae) and Dermestes ater
(Coleoptera: Dermestidae). J. Arach., 34: 186-193.
http: //www.americanarachnology.org/ToA free/To
A v34 nl/arac-034-01-0186.pdf.

Serbino, NMB. and W.A.C. Godoy, 2007. Seasonal
abundance and distribution of necrophagous Diptera
in western Sao Paulo State, Brazil. Func. Ecos.
Comm., 1: 145-149. hitp:/Awww.globalsciencebooks.
mfo/JoumnalsSup/O7FEC 1 2 html.

Serra, H., I.CR. Silva, PF.A. Mancera, LB. Fara,
CIV. Zuben, FIV. Zuben, SF. Reis and
W.A.C. Godoy, 2007. Stochastic dynamics in exotic
and native blowflies: An analysis
laboratory experiments and a 2-patch metapopulation
model. Ecol. Res., 22: 686-695. DOT: 10.1007/511284-
006-0322-3. hitp:/Arww.springerlink.com/content/av ]
18331881 5040.

combiming

540

Tardelli, C.A., W.A.C. Godoy and P.F.A. Mancera, 2004.
Population dynamics of Musca domestica (Diptera:
Muscidae): Experimental and theoretical studies at
different temperatures. Braz. Arch. Biol. Technol.,
47:775-783.DOT: 10.1590/31516-891 3200400050001 3.
http:/Awww.scielo.br/scielo. php?pid=S1516-8913200-
400050001 3&script=sci_abstract&tlng=en.

Uchmanski, J., 1999. What promotes persistence of a
single population: An individual bases model. Ecol.
Mod., 115: 227-241. DOL 15732.35400007483051.0100.
http://cat.mmist. fi/ ?7ablodele=afficheN&cpsidt=17873
54,

Von Zuben, CJ., S.F. Reis, IBR. Val, WA.C. Godoy
and O.B. Ribeiro, 1993. Dynamics of a mathematical
model of Chrysomya megacephala (Diptera:
Calliphoridae). J. Med Entomol., 30: 443-448.
DOI: 1153635400003664860.0200. PMID: 8459422,
http://cat.inist. fi/?aModele=atficheN&cpsidt=4651 7
34,



