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Introducéo Geral

Apb6s a morte, os tecidos de animais, inclusive de humanos, atraem uma grande
variedade de invertebrados. Portanto, a decomposicdo de vertebrados terrestres é dominada
ndo s6 pela acdo de organismos como fungos e bactérias, mas também pelos artrépodes,
especialmente por insetos sarcossaprofagos (Nuorteva, 1977). Por esta razdo, os insetos tém
contribuido em investigacdes legais, sendo esta area conhecida como entomologia forense,
que pode ser definida como a aplicacdo do estudo de insetos e outros artrépodes que, em
associacdo com procedimentos criminalisticos, tem o propésito de obter informacfes Uteis
para uma investigacdo criminal (Nuorteva, 1977; Erzinglioglu, 1983; Keh, 1985; Smith,
1986; Catts & Goff, 1992; Hall, 2001).

Vérias aplicagBes nesta area, ou mais especificamente na entomologia médico-legal
(subclassificacdo da entomologia forense), ja foram enumeradas por Nuorteva (1977), Keh
(1985), Smith (1986), Catts & Haskell (1990), Catts & Goff (1992), Oliva et al. (1995) e
Byrd & Castner (2001), tais como: determinagdo do tempo ou intervalo p6s-morte (IPM);
local, modo ou causa da morte; movimentacdo do cadaver; associacdo dos suspeitos com a
cena do crime; investigacdo de substancias toxicas e casos envolvendo possivel morte subita.

Catts (1992) discriminou duas maneiras de determinacdo do IPM utilizando dados
entomoldgicos: uma dada pela oviposicdo e/ou larviposicdo de dipteros no substrato poucas
horas depois da morte, com consequente determinacdo da idade da prole; e outra, com a
previsao da seqliéncia e sucessdo da fauna de artrépodes. Portanto, o limite minimo de tempo
é estabelecido pela idade dos espécimes imaturos coletados no corpo e o limite maximo é
estabelecido pela coleta dos espécimes e a andlise do seu padrdo de sucessdo nos corpos
(Oliveira-Costa, 2003).

A importéncia dos insetos para a Entomologia Forense vem de sua diversidade e

presenca em quase todos os tipos de habitat (Catts & Goff, 1992). Dentre eles, os dipteros



ganham maior destaque por serem 0s primeiros a chegar a cena do crime, ja que possuem
6rgdos sensitivos altamente especializados para a detecgdo de odores e podem ovipor e/ou
larvipor aproximadamente 10 minutos ap6s a morte (Campobasso et al., 2001). Além da
estimativa do IPM, os insetos ou parte de seus corpos, juntamente com o conhecimento de
sua distribuicdo geogréafica, podem ser Uteis para determinar se houve deslocamento do corpo
depois que a morte ocorreu, ja que o transporte do corpo do local onde ocorreu o dbito
frequentemente pode resultar na condugdo da fauna adquirida no mesmo local. Assim, a
discrepancia entre a composicdo de insetos presentes no corpo e a composicdo de espécies
situadas na regido geografica onde o corpo foi descoberto pode fornecer evidéncias de que a
vitima foi deslocada (Hall, 1990).

No Brasil, diversos grupos de pesquisa na area de entomologia aplicada tem se
voltado para a criagdo de um banco de dados de entomologia forense em nivel nacional,
visando a construcdo de bases bioldgicas e ecoldgicas para a implementacdo definitiva desta
area no pais (e.g. Souza & Linhares, 1997; Carvalho et al., 2000; Moretti et al., 2008; Biavati
et al.,, 2010; Oliveira & Vasconcelos, 2010). A complexidade da area demanda esforgos
voltados para o aprofundamento dos estudos realizados até o momento. Isto implica em dar
énfase para ferramentas analiticas capazes de evidenciar aspectos importantes no contexto de
acOes forenses nacionais, adequadas a realidade brasileira, visto que os modelos até entdo
implementados tem forte fundamentacdo em acfes de grupos de pesquisa ja bem
estabelecidos, porém na maioria de origem Européia ou Americana.

No presente estudo, procuramos abordar aspectos basicos da ecologia de insetos de
importancia forense, com o intuito de incentivar o foco dos especialistas tambem para as
lacunas que ndo tém sido sistematicamente observadas ao longo do processo de implantacao
da area no pais. Agdes desta natureza sdo importantes para a sustentacéo e consolidacdo da

entomologia forense no Brasil. Esta tese € subdividida em trés capitulos que abordam de



forma combinada trés aspectos, que consideramos essenciais para a area: (1) Dinamica e
modelagem matematica espaco-temporal aplicada a espécies abundantes no cenario forense
nacional, (2) Ac¢es especificas para a énfase em grupos taxonémicos ainda negligenciados
no contexto forense e (3) Modelagem estatistica com base na determinacdo de estaces de

morte.
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Dinadmica e modelagem matematica espaco-temporal aplicada a espécies abundantes no

cenério forense nacional

Abstract
Blowflies are complex organisms, and can be used as model in ecological studies, mainly
those that involve processes that can be mathematically modelled. In the present study, we
carried out an extensive survey of necrophagous insects and selected three blowfly species to
estimate demographic parameters using time series models, and to study their dynamic
behavior. We believe that the proposed approach will be valuable in the field of forensic
entomology, mainly in S&o Paulo state, where the rising rates of homicides are cause of great

concern, and lead to the need of prompt utilization of novel tools to resolve crimes.

Resumo
Moscas-varejeiras apresentam caracteristicas bioldgicas complexas, e constituem excelentes
modelos de organismos em estudos ecoldgicos, principalmente aqueles que envolvem
processos matematicamente modelaveis. No presente estudo, foram coletados insetos
necrofagos e selecionadas trés espécies de Calliphoridae com o objetivo de estimar
parametros demogréaficos de séries temporais, e estudar o comportamento dindmico destas
espécies. A abordagem proposta é de grande utilidade para a entomologia forense,
principalmente no estado de S&o Paulo, onde ha necessidade de utilizacdo de novas

ferramentas para a resolucdo de crimes, tendo em vista a crescente taxa de homicidios.



Introducéo

A entomologia forense é usada em investiga¢fes criminais com a principal finalidade
de determinar o IPM (intervalo pds-morte) e possiveis informacdes sobre o cadaver (local,
modo ou causa da morte) (Keh, 1985). Para isso, aspectos da dinamica populacional das
espécies de insetos de importancia forense sdo usados na constru¢do de modelos analiticos
que devem considerar peculiaridades dos ecossistemas locais.

Os insetos compreendem um grupo taxondmico com caracteristicas bastante
interessantes e adequadas para a modelagem ecoldégica com modelos de dindmica
populacional, sobretudo aqueles que se reproduzem em tempo discreto (Costa & Godoy,
2010). Em modelos de crescimento populacional, os parametros demograficos exercem papel
preponderante na determinacdo dos comportamentos dindmicos. A magnitude dos parametros
pode determinar que padrbes ecoldgicos da trajetdria populacional sdo capazes de reger o
sistema biologico. Além disso, a taxa de crescimento e a estrutura etaria sdo indices
freqlientemente utilizados na analise do crescimento populacional, sobretudo em populacdes
de insetos (Levin et al., 1997; Cushing et al., 2003). A fecundidade e a sobrevivéncia sao
também pardmetros intimamente relacionados a taxa de crescimento, indispensaveis aos
modelos matematicos que exploram o comportamento dindmico em estudos demogréaficos
(Caswell, 1989; Tuljapurkar & Caswell, 1997; Godoy, 2007).

H&, todavia, outros fatores essenciais para a compreensdo dos mecanismos
responsaveis pelo comportamento dindmico de populacdes naturais, dentre eles a
complexidade introduzida pela migracdo entre populacGes locais (Vance, 1984; Hastings,
1993; Ruxton, 1995; Hanski & Gilpin, 1997; Hanski, 1999; Serra et al., 2007). A conexao
entre populacBes locais pode esclarecer possiveis relacdes entre o nivel de dispersdo, a

dependéncia da densidade e o papel estabilizador da dispersdo em modelos potencialmente
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caoticos, com repercussdo para a probabilidade de extin¢do local e global (Vance, 1984;
Hastings, 1993; Bascompte & Solé, 1994; Hanski & Gilpin, 1997).

O estudo quantitativo dos efeitos resultantes da distribuicdo espaco-temporal de
espécies em seus habitats, tem se tornado foco de interesse de diversos autores (Durret, 1988;
Hastings, 1990; Kareiva, 1994; Durrett & Levin, 1994; Tilman & Kareiva, 1996; Diekmann
et al., 1999; Keeling, 1999; Kot, 2001). A modelagem, considerando a dimensdo espaco-
temporal, é, portanto, a descri¢cdo de um sistema que considera a posicao e distribuicdo dos
diversos componentes populacionais, quantificados ao longo do tempo (Keeling, 1999).

Assim, ao invés de uma analise que considera apenas as densidades populacionais em
funcdo do tempo, a estrutura espacial também é levada em conta. O conceito de estrutura
espacial em modelos populacionais é relativamente recente, ja que somente ap0s 0 acesso a
uma tecnologia computacional adequada, foi possivel quantificar sistematicamente os efeitos
gerados pela dimensdo espacial sobre as populagdes (Huston et al., 1988; McGlade, 1993;
Levin et al., 1997; Gurney & Nisbet, 1998).

A estrutura espacial tem importantes implicacbes para a coexisténcia competitiva
(Levin, 1974; Ilwasa & Roughgarden, 1986; Kishimoto, 1990; Nee & May, 1992), a
persisténcia de interacBes hospedeiro-parasitdide e predador-presa (Huffaker, 1958; Allen,
1975; Hilborn, 1975; Gurney & Nisbet, 1978; Nachman, 1981; Fujita, 1983; Reeve, 1988;
Sabelis & Diekmann, 1988; Comins et al., 1992) e a persisténcia regional de pequenas
populacBes sujeitas a extin¢do local (Den Boer, 1981; Day & Possingham, 1995). Portanto, a
estrutura espacial é a caracteristica dominante de modelos de metapopulacdes espacialmente
explicitos (Gilpin & Hanski, 1991; Hanski & Gilpin, 1997; Hanski, 1999; Taneyhill, 2000).

Em populagdes locais isoladas, a dinamica de persisténcia é completamente diferente
da dindmica encontrada em populagdes acopladas (Kareiva, 1991; Hastings, 1993; Ray et al.,

1998). A migracdo de individuos entre populacGes pode favorecer a persisténcia de cada
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populacéo local ou ainda permitir a recolonizacdo de habitats onde tenha ocorrido extin¢6es
locais (Vance, 1984; Fahrig & Paloheimo, 1988; Godoy et al., 1997). Ray et al. (1998)
observaram que baixas taxas de migracdo entre ambientes iguais possibilitam um retardo no
tempo de extingdo de populacdes experimentais de Tribolium. Dessa forma, populacdes
acopladas por migracdo entre ambientes homogéneos podem persistir por mais tempo que
populagdes isoladas.

Os modelos matematicos utilizados até hoje para analisar o equilibrio populacional de
insetos necrdfagos, apesar de j& incorporarem a estrutura espacial investigada através de
mapas acoplados em reticulados, tém analisado os sistemas apenas com dimenséo
deterministica. A exce¢do pode ser atribuida ao estudo desenvolvido por Serra et al. (2007),
no qual populacgdes acopladas por migracéo local entre dois fragmentos foram analiticamente
investigadas. Contudo, o estudo realizado por Serra et al. (2007) nédo especificou localiza¢des
geogréficas como é proposto no presente trabalho. Nesse tipo de abordagem, o exato tamanho
populacional na geracdo futura pode ser predito a partir do tamanho populacional da geracao
atual (Gotelli, 1995; Hastings, 1997). A aleatoriedade € importante para sistemas dindmicos
em ecologia por duas razfes. Primeira, ndo ha ambientes naturais absolutamente previsiveis
no que diz respeito aos recursos disponiveis para seus habitantes; segunda, 0s organismos
provavelmente ndo respondem aos estimulos ambientais de forma homogénea (Gurney &
Nisbet, 1998).

Dessa forma, a introducdo da dimensdo probabilistica em modelos deterministicos
pode representar importante ferramenta para avaliar a probabilidade de extin¢do populacional
em nivel local e global, além de obter informag6es sobre o tamanho minimo viavel para a
persisténcia de uma populacdo sujeita a estocasticidade ambiental e/ou demografica
(Renshaw, 1991). Ha parametros demograficos que podem exibir variacdes em seus valores,

em funcdo de influéncias ambientais ou de natureza intra e interespecifica (Gotelli, 1995;

12



Gurney & Nisbet, 1998). Dentre eles, destacam-se a taxa de sobrevivéncia e a fecundidade,
parametros essenciais para analise do crescimento populacional (Prout & McChesney, 1985;
Hastings, 1997). Entretanto, a taxa de migracdo pode ndo ser constante e flutuar de acordo
com a diferenca de disponibilidade de recursos entre os habitats (Turchin, 1998).

Insetos necrofagos incluem grupos taxondmicos com caracteristicas bioldgicas
complexas, constituindo modelos de organismos com alto potencial para investigacOes
ecoldgicas, sobretudo as que envolvem processos matematicamente modelaveis (Godoy,
2007). Dentre os insetos incluidos nestes grupos destacam-se as moscas-varejeiras (Diptera:
Calliphoridae), organismos que vem recebendo atencdo de ec6logos por seus atributos
biologicos facilmente analisaveis em estudos experimentais, através da conexdo entre
experimentacao laboratorial e/ou campo e a modelagem ecoldgica (Godoy, 2007).

Levantamentos faunisticos estabelecidos em tempo e espaco definidos possibilitam
investigagdes ecoldgicas em nivel populacional e de comunidade valendo-se de informagdes
da diversidade e abundancia populacional (Gotelli, 1995; Godoy, 2007). Quando existem
dados obtidos a partir de levantamentos estruturados para avaliar a dindmica populacional
considerando ao mesmo tempo passos sucessivos de tempo em diferentes pontos do espago,
as informacdes reunidas permitem projetar tendéncias ecoldgicas por sucessivas geracoes,
levando em conta peculiaridades do tempo e do espaco. A combinacdo entre dados obtidos
em levantamentos populacionais e o ferramental matematico usualmente empregado em
simulacOes ecoldgicas permite a producdo e analise de séries temporais exibindo flutuacdes
fortemente associadas a magnitude de parametros demograficos, usualmente componentes de
modelos matematicos de crescimento populacional.

No presente estudo procurou-se analisar dados obtidos no tempo e no espacgo
envolvendo levantamentos faunisticos de insetos necrofagos, selecionando grupos

taxondbmicos e estimando parametros demograficos de séries temporais de espécies
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frequentes e abundantes de insetos importantes no contexto forense, com vistas a modelagem

ecologica.

Objetivos

1. Fazer o levantamento faunistico, ao longo de 14 meses, das principais familias de insetos
de importéncia forense em trés ambientes (urbano, rural e silvestre) e seis municipios do
estado de Séo Paulo;

2. Analisar a abundancia, ocorréncia por municipio, ambiente e isca de trés espécies de
moscas-varejeiras de grande abundancia e importancia forense no Brasil: Chrysomya
albiceps, Chrysomya megacephala e Lucilia eximia;

3. Estudar, com o uso de modelos matematicos e simulagdes computacionais, a ocorréncia de
migracdes entre essas diferentes localidades, para investigar o comportamento dindmico
destas trés espécies, e deste modo, verificar se modelos podem projetar padrdes de flutuacdo

compativeis com a abundéancia e freqliéncia das principais espécies coletadas.

Material e métodos

Locais de Estudo

As coletas foram realizadas em trés ambientes (urbano, rural e silvestre), nos
seguintes municipios do estado de Sdo Paulo (Sudeste brasileiro): Artur Nogueira
(22°34°22°°S,  47°10°22°W), Campinas (22°53°20”°S, 47°04°40’W), Cosmopolis
(22°38°45°’S, 47°11°46°°W), Jundiai (23°11°11°’S, 46°53°03°°W), Mogi Guagu (22°22°20°’S,
46°56°32°°W) e Paulinia (22°45'40"S, 47°09'15"W) (ver mapa dos pontos de coleta no artigo
“Bait, habitat preferences, and temporal variability of social wasps (Vespidae) attracted to

vertebrate carrion””). Tomando como ponto central o municipio de Campinas, Artur Nogueira
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encontra-se a uma distancia de 36 km, Cosmopolis a 27 km, Jundiai a 60 km, Mogi Guagu a
85 km e Paulinia a 12 km.

Todas estas cidades ttm o mesmo tipo de clima, de acordo com a classificagéo de
Koppen: Cwa — clima subtropical, com invernos secos (temperaturas abaixo de 18°C) e
verdes quentes e Umidos (temperatura média do més mais quente superior a 22°C). Este tipo
de clima ocorre na maior parte do estado de Sdo Paulo, principalmente nas regides central e
leste, com altitude entre 500 e 700 metros (Setzer, 1966). Caracterizagdo mais detalhada dos
locais de estudo pode ser encontrada no artigo: “Bait, habitat preferences, and temporal

variability of social wasps (Vespidae) attracted to vertebrate carrion”.

Procedimentos em campo e laboratorio

As coletas foram realizadas mensalmente entre setembro 2006 e outubro de 2007.
Trés tipos de iscas foram utilizados (pedagos de aprox. 12g): sardinha, figado bovino e
visceras de frango (moela), todas mantidas por 48 h em temperatura ambiente para
apodrecerem e se tornarem mais atrativas pelos odores exalados. Armadilhas similares as
empregadas para a coleta de dipteros muscdides por varios autores (Ferreira, 1978; Linhares,
1981) foram colocadas aleatoriamente nos locais de estudo. Cada armadilha foi
confeccionada com duas garrafas “pet” de 2 litros — aproximadamente 35 cm (altura) e 8 cm
(diametro) cada uma (ver figura na secdo 5). Os fundos das duas garrafas foram removidos
para permitir que a garrafa inferior pudesse ser inserida na superior e para permitir a entrada
dos insetos pela abertura inferior da garrafa inferior, pintada de preto. A tampa da garrafa
inferior foi também removida. Cada um dos ambientes em cada cidade recebeu seis
armadilhas por més, duas para cada tipo de isca, totalizando 18 armadilhas por cidade/més e

1.512 unidades de amostra durante todo o estudo.
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A cada 24 h de exposicdo, as iscas, que eram inseridas nas armadilhas através de um
gancho de ferro, eram repostas. As armadilhas permaneciam fixas em galhos de arvores a
uma distancia aproximada de 180 cm do solo. As armadilhas permaneciam expostas por um
periodo total de 72 h, ap6s o qual todos os artrépodes encontrados nas armadilhas eram
coletados, levados ao laboratério, e mortos por congelamento a -20°C para posterior triagem
e identificacdo. Detalhes sobre os procedimentos em campo e laboratério podem ser encontrados no

artigo: “Bait, habitat preferences, and temporal variability of social wasps (Vespidae) attracted to

vertebrate carrion”.

Obtencédo de dados meteorologicos
Temperatura (em °C) e precipitacdo (em mm) foram obtidas para as cidades e meses

de coleta junto ao Centro Integrado de Informacdes Agrometeoroldgicas (CIIAGRO).

Anélise Estatistica

a. Andlise de Variancia

Analise de variancia foi utilizada para comparar as abundancias médias para as trés
espécies de Calliphoridae (C. albiceps, C. megacephala e L. eximia) entre 0s seis municipios,

apos verificacdo da normalidade (Beiguelman, 2002).

b. Teste de qui-quadrado

Para verificar a possivel preferéncia de C. albiceps, C. megacephala e L. eximia por
tipo de ambiente (urbano, rural e silvestre) e de isca (sardinha, figado bovino e moela), usou-
se 0 teste de qui-quadrado com base nas freqliéncias de areas ou iscas preferidas ou ndo

preferidas para as trés espécies (Beiguelman, 2002).
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c. Coeficiente de Pearson (r)
O Coeficiente de Pearson (r) foi calculado para verificar a correlacdo entre a
abundancia de individuos coletados das espécies C. albiceps, C. megacephala e L. eximia, e

as variaveis ambientais (temperatura media, em °C, e precipitacdo, em mm).

Estimativa dos parametros para a modelagem ecoldgica

Os parametros utilizados para a modelagem ecoldgica neste estudo foram os
convencionalmente usados em modelos de crescimento populacional (Costa & Godoy, 2010),
tais como crescimento populacional (r) e capacidade suporte (K). Modelos gerais como o
logistico ou a equagdo de Ricker (1952) sdo capazes de facilmente descrever trajetdrias
temporais em populagdes bioldgicas, a partir de estimativas de crescimento populacional
obtidas com estes parametros. A taxa de crescimento foi estimada a partir dos sucessivos
valores de abundancia encontrados para cada espécie.

Para as simulac@es foram utilizados os valores médios da taxa de crescimento obtidos
ao longo das séries temporais. A estimativa da capacidade suporte foi feita pela utilizacdo dos
valores de maior magnitude da série temporal. Para a introducdo da dimensdo probabilistica
na simulacdo os valores da capacidade suporte foram variados aleatoriamente entre maximos
e minimos de acordo com a distribuicdo uniforme. Os valores para a migracao local foram
arbitrariamente atribuidos ao termo m, no intuito de obter a homogeneidade na flutuacdo das

trés populagdes, no que diz respeito ao espectro oscilatorio.

Modelo de populagdes acopladas

O modelo de populagbes acopladas aplicado foi estruturado para investigar a
migracdo entre trés populaces locais. O propdsito de modelar apenas trés populagdes

acopladas foi facilitar a compreensdo dos processos reguladores da dindmica populacional,
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visando uma analise de sensibilidade paramétrica com interpretacdo mais detalhada dos
fatores que regulam a dindmica da migracéo.

Um modelo geral de metapopulac@es ja foi proposto para duas populagfes conectadas
por migracédo (Hanski, 1999) podendo ser escrito como:

dN,
dt

= g(N;)N; =73, (NN, +7,,(N,)2-05,)N,

dN,
dt

= g(N )N, =75 (NN, +75,(N; )2 - 6,)N, @

onde g(N;) representa a taxa per capita de variacdo da populacao i em funcdo dos nascimentos
e mortes, y; (N;) é a taxa per capita de emigragdo da populagdo i para a populagdo je & € a
fracdo de migrantes que morrem durante a migracdo. Pressupondo que a dindmica local de
cada populagdo é governada pelo modelo logistico e que a emigracdo é independente da

densidade, as equagdes acima poderiam ser escritas como:

pm =nN, 1—K—l —mN1+m 1-0 N2
T—QNZ 1—K—2 —mN2+m 1-6 Nl (2)

onde r; e K sdo respectivamente a taxa intrinseca de crescimento e a capacidade suporte da

populacdo i e m a taxa constante de emigracao.
Em tempo discreto, 0 modelo dependente da densidade que poderia ser incorporado as

equacgOes de migracgdo pode ser escrito conforme a proposicao de Ricker (1952):

N, =N, exp [r(l—NT(t))], ®)

onde r e K sdo respectivamente a taxa de crescimento e o tamanho populacional em
equilibrio. Note que a equacdo (3) ndo apresenta acoplamento por migragdo; ela descreve

apenas o modelo de Ricker para uma populacéo isolada. No presente estudo, 0 modelo em
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tempo discreto é o mais adequado ja que as populacdes de moscas procriam-se em tempo
discreto, situacdo em que ndo ha sobreposicao de geragdes.

Roughgarden (1998) propds um modelo para populagdes acopladas em tempo discreto
mais flexivel que o logistico ou o de Ricker (1952), por ndo ter ainda incorporada a
dependéncia da densidade. O modelo é escrito como:

Nl,t+1 =0, [(1_ m)Nl,t + mNZ,t]
NZ,t+l = 2,t[le,t + (1_ m)NZ,t]

(4)

onde m é a probabilidade de migracdo de individuos da populacdo 1 para a populacéo 2 e
vice-versa. Assim, (1-m) é a probabilidade de permanéncia dos individuos no seu ambiente.
Nyt € 0 nimero de individuos no tempo t da populacdo na localizacdo x, onde x € 1 ou 2. A
taxa de crescimento geométrico é representada por r na localizacdo x, no tempo t. Se m é
zero, as equacOes descrevem duas populacbes ndo-acopladas e se m é %%, as duas populacbes
estdo completamente conectadas por migracdo (Roughgarden, 1998).

O acoplamento das equacdes da dinamica envolvendo migragdo espacial para trés

sitios populacionais ao modelo dependente da densidade segundo a teoria de Ricker resulta

em:

Nyt Nyt
Nityr = (1 —my; —my3) Nisexp|r(1-— +my [ Nycexp|rp|1—
Klal KZal

Ny ¢ Ny
Nyty1 = (1 —my; —my3) Nyrexp(ry|1— K +mq, | Nycexp|r(1— K
2al 1lal
N3
+ m32 N3,t eXp T3 1 - (Sb)
K3al
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_ N3¢ Nyt
N3ty1 = (1 —m3; —m3;) N3rexp(r;|1— +mys | Nycexp|r|1—
K3al Klal

Nas equacOes acima, as geragdes Niir1, Npt+1 € Nziq descrevem trés subpopulagdes de
C.albiceps, C. megacephala e L. eximia dependentes das respectivas populacdes no tempo
anterior (N;) e governadas pela funcdo exponencial com taxa de crescimento (r) e capacidade
suporte (K). O termo m representa a migracao local entre os sitios populacionais 1,2 e 3.
Assim, por exemplo, m;, descreve a migracdo do sitio 1 para o 2 e (1 — my,) descreve a fracéo
de ndo migrantes do sitio 1 para o sitio 2.

O termo subscrito al que aparece em K descreve a natureza estocastica do termo nas
equacOes. Apesar de tratar-se de um modelo deterministico a estocasticidade foi introduzida
em K para dar a dimensdo probabilistica, de forma que os valores da capacidade suporte
podem oscilar entre os valores maximos e minimos de abundancia obtidos para cada espécie
de mosca nas coletas realizadas nos municipios. As simula¢bes foram realizadas seguindo a
distribuicdo uniforme, onde os valores foram sorteados por gerador de nimero aleatorio, com

probabilidade de ocorréncia igual para todos.
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Dados meteoroldgicos

Resultados e Discussao

Temperatura (em °C) e precipitacdo (em mm) mensais foram obtidas para as cidades

de Artur Nogueira (tabela 1), Campinas (tabela 2), Cosmdpolis (tabela 3) Jundiai (tabela 4),

Mogi Guagu (tabela 5) e Paulinia (tabela 6) entre setembro 2006 e outubro de 2007.

Tabela 1. Temperatura (em °C) e
precipitacdo (em mm) mensais
para Artur Nogueira

Artur Nogueira

més T (°C) P(mm)
set.06 21 64,1
out.06 23,6 69,1
nov.06 23,8 171,6
dez.06 25,3 152,2
jan.07 24,5 386,4
fev.07 25,5 130,5
mar.07 25,4 166
abr.07 23,9 52
mai.07 18,7 81,8
jun.07 18,3 32,7
jul.07 17 198
ago.07 19,6 0
set.07 22,8 0
out.07 24,8 59,3
média 22,4 111,7

Tabela 2. Temperatura (em °C) e
precipitacdo (em mm) mensais
para Campinas

Campinas
més T (°C) P(mm)
set.06 21 67,6
out.06 23,4 56,5
nov.06 23,7 1847
dez.06 25 229,2
jan.07 24,1 404,1
fev.07 25,4 86
mar.07 25,5 192,1
abr.07 24 97
mai.07 194 63,5
jun.07 19,7 34,7
jul.o7 18 176,4
ago.07 20,8 0
set.07 23,5 7,5
out.07 24,9 100,4
média 22,7 1214
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Tabela 3. Temperatura (em °C) e
precipitagdo (em mm) mensais
para Cosmdpolis

Tabela 4. Temperatura (em °C) e
precipitacgdo (em mm) mensais
para Jundiai

Cosmopolis
més T (°C) P(mm)
set.06 21 64,1
out.06 23,6 69,1
nov.06 23,8 171,6
dez.06 25,3 152,2
jan.07 24,5 386,4
fev.07 25,5 130,5
mar.07 25,4 166
abr.07 23,9 52
mai.07 18,7 81,8
jun.07 18,3 32,7
jul.07 17 198
ago.07 19,6 0
set.07 22,8 0
out.07 24,8 59,3
média 22,4 111,7

Tabela 5. Temperatura (em °C) e
precipitacdo (em mm) mensais
para Mogi Guagu

Jundiai
més T (°C) P(mm)
set.06 20,1 52
out.06 22,3 80,7
nov.06 22,6 128,4
dez.06 24,1 275,1
jan.07 234 387,6
fev.07 24,4 100
mar.07 24,8 154,3
abr.07 23,4 56,2
mai.07 20,5 51,7
jun.07 18,7 8
jul.07 17,5 202,7
ago.07 19,2 0
set.07 21,4 17,4
out.07 23,2 67,1
média 21,8 112,9

Tabela 6. Temperatura (em °C) e
precipitacdo (em mm) mensais
para Paulinia

Mogi Guagu
més T (°C) P(mm)
set.06 20,9 56,1
out.06 22,1 177,6
nov.06 22,2 188,6
dez.06 23,3 208,4
jan.07 23,2 431,8
fev.07 243 92,2
mar.07 24,2 188,8
abr.07 22,9 102
mai.07 18,6 67,1
jun.07 19 26,7
jul.07 18,4 146,2
ago.07 20,6 0
set.07 23,1 0,4
out.07 24,3 92,7
média 21,9 127

Paulinia
meés T (°C) P(mm)
set.06 21,3 57,8
out.06 23,7 58,8
nov.06 24,1 171,8
dez.06 25,3 238,2
jan.07 24,7 438
fev.07 25,6 118,6
mar.07 25,8 1511
abr.07 24,3 42,5
mai.07 19,3 71,1
jun.07 19,3 26,8
jul.o7 18,9 199,2
ago.07 20,5 0
set.07 23,5 6,7
out.07 24,8 91,2
média 22,9 1194
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Levantamento faunistico geral

Na figura 1, a abundancia das principais familias de insetos coletados é apresentada.
Nota-se predominio dos dipteros das familias Calliphoridae, Muscidae, Fanniidae e
Sarcophagidae, 0 que corrobora dados de levantamentos realizados no Brasil (e.g. Souza &
Linhares, 1997; Carvalho et al., 2000; Carvalho & Linhares, 2001; Carvalho et al., 2004;
Moretti et al., 2008; Oliveira & Vasconcelos, 2010). Entretanto, foram coletados também
exemplares das familias Drosophilidae, Phoridae, Piophilidae, Ulidiidae, Anthomyiidae e
Formicidae. Considerando as 10 familias mais abundantes, foram coletados 21.005 espécimes
de insetos. Quanto a preferéncia por tipo de ambiente (Fig.2), houve preferéncia pelo
ambiente rural, seguido pelo silvestre e, por ultimo, o urbano. A figura 3 mostra a preferéncia
por tipo de isca. Considerando as 10 familias mais abundantes, houve preferéncia por frango,
seguido por peixe, e, por tltimo, figado.

A familia Calliphoridae (Fig.4) destacou-se em abundancia e em riqueza de espécies
(nove no total): Chrysomya albiceps, Chrysomya megacephala, Chrysomya putoria,
Cochliomyia macellaria, Hemilucilia semidiaphana, Hemilucilia segmentaria, Lucilia
cuprina, Lucilia eximia e Mesembrinella bellardiana. Todos os espécimes de M. bellardiana,
H. semidiaphana e H. segmentaria foram capturados nas areas silvestres das cidades, o que
pode ser importante para andlise de possiveis indicadores forenses para este ambiente
especifico. Chrysomya albiceps, C. megacephala e Lucilia eximia foram os califorideos mais
abundantes, o que também ocorreu em inimeros levantamentos de fauna necréfaga no Brasil
(e.g. Carvalho & Linhares, 2001). A espécie nativa Cochliomyia macellaria apareceu com
menor abundancia, visto que é competitivamente mais fraca que as espécies de moscas-
varejeiras introduzidas, principalmente Chrysomya albiceps e C. megacephala (Serra et al.,

2007).

23



Com relacdo a familia Muscidae, foram coletados exemplares de Atherigona
orientalis, Musca domestica, Ophyra sp. e Ophyra chalcogaster. Dentre os forideos,
coletamos exclusivamente Megaselia scalaris e, na familia Piophilidae, exclusivamente
Piophila casei. Em relagdo a familia Ulidiidae, coletamos exemplares do género Euxesta. A
familia Ulidiidae € primordialmente saprofaga, embora o habito fitéfago tenha se
desenvolvido em poucas espécies, incluindo algumas de importancia econdmica. Larvas e
adultos podem alimentar-se de uma grande variedade de culturas vegetais, incluindo batata,
tomate, sorgo, cana-de-aglcar, banana, goiaba e laranja. Entretanto, milho e milho doce séo
as preferencialmente atacadas (Link et al., 1984). Algumas espécies sdo conhecidas por criar-
se em esterco e outros excrementos. Todavia, relatos de ocorréncia de Ulidiidae em carcagas
de animais, e, portanto de potencial importancia forense, sdo extremamente raros na
literatura. No geral, pode-se dizer que pouco se conhece sobre a biologia destas moscas.

A presenca deste Ulidiidae em carcagas animais poderia indicar tentativa de
oviposicdo, j& que os exudatos oriundos das iscas em decomposi¢do poderiam servir de
substrato para desenvolvimento das larvas, as quais normalmente sdo encontradas em
material vegetal em decomposicdo. A possivel oviposicdo por exemplares adultos do género
Euxesta no exudato pode afetar o microhabitat da carcaca e conseqtientemente interferir na
chegada das ondas de colonizagdo seguintes. O consumo dos préprios recursos da carcaca,
como fonte protéica adicional, também poderia ser um dos objetivos deste Ulidiidae.
Assinala-se, portanto, o possivel uso de Euxesta em Entomologia Forense, muito embora a
familia Ulidiidae ndo faga parte das mais tradicionalmente utilizadas em investigagGes
forenses.

A familia Formicidae foi representada por Azteca sp., Cephalotes sp., Cephalotes
clypeatus, Crematogaster sp., Dolichoderus sp., Pheidole sp., Solenopsis sp. e cinco morfo-

espécies do género Camponotus. Deve-se ressaltar que o objetivo principal do presente
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estudo néo foi a coleta de formigas, o que explica a aparente inadequacdo das armadilhas, que
foram originalmente designadas para a coleta de insetos alados (essencialmente dipteros
muscoides). No entanto, este fato ndo impediu que as formigas se deslocassem dos galhos das
arvores para o interior das armadilhas, por meio do corddo usado para fixagdo. As formigas
desempenharam importante papel predatorio sobre dipteros retidos nas armadilhas, o que
pode gerar conclusGes errbneas acerca de censos populacionais em uma dada localidade. As
variacBes na distribuicdo dos formicideos entre as diferentes cidades e ambientes estudados
ndo sdo ocasionadas pela diversidade das condi¢Bes climaticas, ja que as seis cidades
apresentam o mesmo tipo de clima (Cwa). Provavelmente, tais variages sdo causadas por
outros fatores, como o tipo de ambiente de exposi¢cdo das armadilhas (rural, urbano e
silvestre) ou o grau relativo de disturbio das &reas florestais das diferentes cidades
consideradas. Por exemplo, a &rea silvestre de Artur Nogueira (uma das mais preservadas
entre todas as cidades) € a que apresentou maior nimero de exemplares de Dolichoderus sp.,
0 que estd de acordo com o relato de Shattuck (1992), que apontou os ambientes florestais
preservados como os sitios preferenciais para a ocorréncia de espécies deste género; tal
associacao também pode explicar a baixissima quantidade de exemplares de Dolichoderus sp.
na rea urbana das cidades estudadas.

Foram coletados também alguns poucos exemplares de lepidopteros: Nymphalidae:
Paryphthimoides poltys, Paryphthimoides phronius, Fountainea ryphea e Hermeuptychia
hermes; Riodinidae: Cremna thasus. Todos os lepidépteros foram coletados nas areas
silvestres das cidades consideradas, o que pode ser importante para analise de possiveis
indicadores forenses para este ambiente especifico. Representantes de Acrididae,
Anthomyiidae, Apidae, Gryllidae, Micropezidae, Neriidae e Tettigoniidae também foram

coletados, mas em baixa abundancia.
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Conclui-se que informagfes quanto a presenca de artropodes que sdo negligenciados

como fauna cadaverica, associadas ao conhecimento de sua biologia e ecologia, podem

constituir-se em importantes ferramentas para aumentar a confiabilidade da estimativa do

intervalo p6s-morte, quando esta é baseada nos padrdes de sucessdo ou na composi¢cdo

faunistica.

Formicidae
Anthomyiidae
Otitidae
Piophilidae
Phoridae
Drosophilidae
Sarcophagidae
Fanniidae
Muscidae

Calliphoridae
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Figura 1. Abundancia das principais familias de insetos coletados
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Figura 2. Nimero de espécimes de insetos por ambiente de coleta
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Figura 3. Numero de espécimes de insetos por tipo de isca
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Figura 4. Espécies de Calliphoridae coletadas e sua abundancia

Abundancia, ocorréncia por cidade, ambiente e isca para Chrysomya albiceps,
Chrysomya megacephala e Lucilia eximia.

Chrysomya albiceps, C. megacephala e L. eximia sdo califorideos de grande
importancia forense no Brasil e abundantemente coletados no presente estudo. Portanto, estas
trés espécies foram estudadas em maior profundidade e foram utilizadas nas simulacdes. Nas
tabelas 7,8 e 9, sdo mostradas as abundancias, por més (entre setembro de 2006 e outubro de
2007) e por cidade de coleta - Artur Nogueira (A.N), Campinas (CAM), Cosmopolis (COS),
Jundiai (JUN), Mogi Guacu (M.G) e Paulinia (PAUL) - das espécies C. albiceps, C.
megacephala e L. eximia, respectivamente. Observa-se na tabela 7 que o més que apresentou
maior abundéncia de C. albiceps foi novembro de 2006, enquanto que o més que apresentou

menor abundéncia foi maio de 2007. A cidade que apresentou maior nimero de espécimes de
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C. albiceps ao longo do estudo foi Campinas, enquanto que em Jundiai foi coletado o menor
numero de exemplares para esta espécie. Na tabela 8 nota-se que 0 més que apresentou maior
abundéncia de C. megacephala foi também novembro de 2006, enquanto que o més que
apresentou menor abundancia foi setembro de 2007. A cidade que apresentou maior numero
de espécimes de C. megacephala ao longo do estudo foi Cosmopolis, enquanto que em
Jundiai foi coletado 0 menor nimero de exemplares para esta espécie. Por fim, a tabela 9
mostra que a maior abundéncia de L. eximia ocorreu em abril de 2007, enquanto que a menor,
em janeiro de 2007. Artur Nogueira foi a cidade na qual se registrou 0 maior nimero de
espécimes de L. eximia durante o estudo, enquanto que em Paulinia foi coletado o0 menor

namero de espécimes de L. eximia.

Tabela 7. Abundancia de C. albiceps, por més e cidade, durante periodo de coleta.

MES AN CAM COS JUN M.G PAUL >
set./06 134 167 223 20 87 114 745
out/06 177 110 301 46 20 4 658
nov/06 109 449 39 9 78 124 808
dez/06 97 99 34 7 43 23 303
jan/07 11 127 97 23 9 39 306
fev/07 30 38 64 70 69 29 300
mar/07 30 45 19 19 10 21 144
abr/07 122 34 41 120 24 20 361

mai/07 39 2 18 0 39 29 127
jun/07 43 67 50 0 11 18 189
jul/o7 49 120 0 0 12 7 188
ago/07 0 27 20 34 100 0 181
set/07 129 298 87 12 12 57 595
out/07 320 198 29 8 17 3 575

> 1290 1781 1022 368 531 488 5.480
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Tabela 8. Abundancia de C. megacephala, por més e cidade, durante periodo de coleta.

MES AN CAM COS JUN M.G PAUL >

set./06 20 61 138 10 26 8 263
out/06 1 14 68 7 7 0 97

nov/06 107 279 181 66 95 65 793
dez/06 61 55 139 0 18 3 276
jan/07 23 10 78 43 44 81 279
fev/07 78 40 12 24 24 65 243
mar/07 66 21 44 56 120 77 384
abr/07 23 11 134 90 7 0 265
mai/07 50 22 17 0 56 28 173
jun/07 2 21 14 0 0 8 45

jul/o7 33 100 2 27 4 48 214
ago/07 8 0 45 0 0 0 53

set/07 0 9 0 0 0 12 21

out/07 46 44 0 1 10 9 110

> 518 687 872 324 411 404 3.216

Tabela 9. Abundancia de L. eximia, por més e cidade, durante periodo de coleta.

MES AN CAM COS JUN M.G PAUL >

set./06 92 73 29 21 34 0 249
out/06 1 2 35 20 2 36 96
nov/06 209 11 14 2 1 9 246
dez/06 40 33 14 17 0 0 104
jan/07 0 0 0 0 1 4 5
fev/07 6 3 12 11 39 11 82
mar/07 9 20 11 22 56 90 208
abr/07 227 202 99 234 50 47 859
mai/07 0 12 7 84 0 59 162
jun/07 45 9 2 0 2 0 58
juljor 32 107 51 9 6 0 205
ago/07 0 2 2 61 88 0 153
set/07 114 12 100 0 55 69 350
out/07 6 0 61 40 6 0 113

> 781 486 437 521 340 325 2.890




A andlise de variancia mostrou que, para C. megacephala (F=1.383, p=0.239) e
Lucilia eximia (F=0.735, p=0.599), a abundéncia ndo difere significativamente entre 0s
municipios, mas para C. albiceps (F=3.969, p=0.002), existe diferenca significativa. O fato de
esta espécie ser predadora na fase larval (Faria et al., 1999) pode ser uma explicagdo para esta
variacdo, afinal as condi¢des que governam as taxas de predacdo sdo vérias, dentre as de
natureza ambiental, demografica e interativa, e certamente influenciam as populagdes de

forma diferente entre as localidades.

Tabela 10. Preferéncias por tipo de ambiente e de isca para C. albiceps, C. megacephala e L. eximia.

C. albiceps (n=5480) C. megacephala (n=3216) L. eximia (n=2890)

ambiente % n ambiente % n ambiente % n
urbano 46.69 2559 urbano 39.95 1284 urbano 60.31 1743
rural 33.71 1847 rural 41.64 1339 rural 2436 704
silvestre 19.60 1074 silvestre 18.41 593 silvestre 15.33 443

isca % n isca % n isca % n
frango 58.08 3182 frango 53.83 1731 frango 73.93 2137
peixe 40.47 2217 peixe 38.81 1248 peixe 18.34 530
figado 01.45 81 figado 7.36 237 figado 7.73 223

O teste de Teste de qui-quadrado mostrou que, para C. albiceps, a diferenca entre 0s
percentuais de preferéncia sobre as trés areas foi estatisticamente significativa, sugerindo que
esta espécie tem preferéncia por &rea urbana, seguida da rural (* = 905.9, g.I. =2, p < 0.01).
No que diz respeito a comparacédo entre iscas, C. albiceps preferiu frango, seguido de peixe
(* = 4135.9, g.l. =2, p < 0.01) (tabela 10). Para C. megacephala, a preferéncia foi para a
4rea rural, seguida da area urbana (;* = 483,6, g.I. =2, p < 0.01). Porém, entre as éreas rural
e urbana a diferenca ndo foi significativa (* = 1,87 g.l. =1, p = 0.17). No caso da
preferéncia por iscas, C. megacephala preferiu frango, seguido de peixe (;(2 = 1626,6, g.l.

=2, p <0.01) (tabela 10).
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Finalmente, para L. eximia a area preferida foi a urbana, seguida da rural (* =
1472,8, g.l. =2, p < 0.01). No caso das iscas, L. eximia preferiu frango, seguido de peixe (?
=3290.7 g.I. =2, p < 0.01). Para as trés espécies, maior quantidade de espécimes foi coletada
com a utilizacdo de moela de frango com isca. Uma possivel explicacdo para este fato é que a
moela exalava um cheiro muito mais acentuado durante a exposic¢do das iscas, 0 que pode ter

atraido maior nimero de insetos.

Coeficiente de Pearson (r)

Como pode ser observado na tabela 11, as correlagbes sdo fracas (apesar de
significativas p <0.05), algumas positivas, outras negativas. A espécie cuja abundancia menos
se relaciona com as varidveis ambientais (temperatura média e precipitacdo) foi C. albiceps, e

a que mais exibiu coeficientes de maior magnitude foi C. megacephala.

Taxa de crescimento

As taxas de crescimento das espécies C. albiceps, C. megacephala e L. eximia nas seis
cidades de estudo apresentaram valores proximos a 1 (tabela 12). Sendo assim, o
modelo deterministico ndo evidenciaria variedade de comportamentos ciclicos (Gotelli,
1995). Neste caso, simulagfes com o emprego de estocasticidade poderiam revelar padrdes
de flutuacdo outrora ndo revelados por populacdes exibindo equilibrio estavel. Assim, a
estocasticidade foi introduzida para que os modelos produzissem variacdo aleatdria em

sucessivos passos de tempo.
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Tabela 11. Correlacdo entre as espécies C. albiceps, C. megacephala e L. eximia e variaveis ambientais

C. albiceps C. megacephala L. eximia
ANIT (°C) 0,32 0,42 0,11
A.N/P(mm) -0,33 0,37 -0,17
CAMIT (°C) 0,18 -0,01 -0,16
CAM/P(mm) 0,11 0,22 -0,01
COSIT (°C) 0,14 0,33 0,10
COS/P(mm) -0,09 0,20 -0,38
JUN/T (°C) 0,39 0,41 0,10
JUN//P(mm) -0,15 0,26 -0,28
M.GIT (°C) -0,08 0,23 0,21
M.G/P(mm) -0,30 0,40 -0,46
PAUL/T (°C) 0,07 0,30 0,22
PAUL/P(mm) 0,08 0,66 -0,25

A.N: Artur Nogueira; CAM: Campinas; COS: Cosmopolis; JUN: Jundiai; M.G: Mogi Guagu; PAUL: Paulinia;

T: temperatura; P: precipitagéo (p < 0.05).

Tabela 12. Taxas de crescimento de C. albiceps, C. megacephala e L. eximia nas seis cidades de estudo.

Chrysomya albiceps Chrysomya megacephala Lucilia eximia
Artur
Nogueira 1,07 1,06 0,81
Campinas 1,01 0,97 0,5
Cosmopolis 0,85 0,48 1,05
Jundiai 0,93 0,84 1,05
Mogi Guagu 0,88 0,93 0,87

Paulinia 0,75 1 1




Modelo de populagdes acopladas e simula¢ées computacionais

A vantagem das simulacBes estocasticas mostradas a seguir € que a partir de um
pequeno conjunto de dados pode-se simular a dindmica das espécies considerando as
variagdes em abundancia, e assim conhecer melhor os potenciais de cada espécie frente ao
ambiente a que estao sujeitas.

As simulagdes com o modelo dependente da densidade estruturado para migracoes
locais entre trés sitios populacionais indicam série temporal com maior abundancia para C.
albiceps no municipio de Campinas, se comparada aos outros dois municipios, Artur
Nogueira e Cosmopolis (Fig. 5A). Para que as trés populacdes obtenham espectros de
oscilacdo similares foi necessaria a atribuicdo de 0.1 para m (migragdo local), nos sentidos

Campinas para Artur Nogueira e Campinas para Cosmopolis (Fig. 5B).
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Fig. 5. Simulag@es da recorréncia no tempo para populacdes de C. albiceps isoladas (A) e sujeitas a migracdo
local entre municipios (B).

As simulagdes com o modelo dependente da densidade estruturado para migracdes locais
entre os trés mesmos sitios populacionais (Artur Nogueira, Campinas e Cosmopolis) da

figura 6 indicam série temporal com maior abundancia para C. megacephala no municipio de
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Cosmopolis, se comparada aos outros dois municipios, Artur Nogueira e Campinas (Fig. 6A).
Para que as trés populacdes obtenham espectros de oscilacdo similares foi necesséria a

atribuicéo de 0.15 para m, no sentido Cosmopolis para Artur Nogueira (Fig. 6B).
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Fig. 6. Simulacdes da recorréncia no tempo para populacdes de C. megacephala isoladas (A) e sujeitas a
migracao local entre municipios (B).

Para o0 caso da espécie L. eximia, a maior abundancia ocorreu em Artur Nogueira,
diferindo das espécies de Chrysomya (C. albiceps e C. megacephala) (Fig. 7A). Outro
aspecto interessante é que houve necessidade de atribuir m=0.2 (diferindo também das taxas
de migracdo atribuidas para as duas espécies anteriores) nos sentidos A. Nogueira para
Cosmopolis e Campinas para Cosmopolis para a obtencao de espectros de oscilacdo similares

(Fig. 7B).
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Fig. 7. Simulagdes da recorréncia no tempo para populacfes de L. eximia isoladas (A) e sujeitas & migracdo
local entre municipios (B).

Observa-se claramente (Fig. 8A) a diferenca entre a abundancia de C. albiceps em
Campinas e nos outros dois municipios analisados (Jundiai e Paulinia). Para populacGes
isoladas, Campinas possui quatro vezes a populacdo deste califorideo em relacdo as duas
outras cidades. Além disso, para a obtencdo de espectros de oscilacdo similares, houve
necessidade de utilizar uma taxa de migracdo m=0.2 nos sentidos Campinas para Jundiai e
Campinas para Paulinia (Fig. 8B). Jundiai, mesmo sendo uma cidade de alta densidade
demogréfica, apresentou baixa abundancia de C. albiceps. Poderiamos deduzir que a
diferenca na abundéancia para esta espécie entre estas duas cidades estaria relacionada a
fatores climaticos, j& que Campinas apresenta temperaturas médias mais elevadas que
Jundiai. No entanto, C. albiceps foi a espécie cuja abundancia menos se relaciona as variaveis

climaticas, de acordo com os calculos dos coeficientes de Pearson (Tabela 11).
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Em relagdo a figura 9, observa-se também maior abundancia de C. megacephala na cidade de

Campinas, em relacdo a Jundiai e Paulinia (Fig. 9A). Para que as trés populacdes obtenham

espectros de oscilacdo similares, foi necesséria a atribuicdo de 0.2 para m (migracéo local),

nos sentidos Campinas para Jundiai e Campinas para Paulinia (Fig. 9B).
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Fig. 9. Simulag@es da recorréncia no tempo para populacdes de C. megacephala isoladas (A) e sujeitas a

migracao local entre municipios (B).
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Na figura 10A, observa-se maior abundancia inicial de L. eximia em Jundiai. Para que as trés
populagBes obtenham espectros de oscilagdo similares, foi necesséria a atribuicdo de 0.1 para

m (migracéo local), no sentido Jundiai para Paulinia (Fig. 10B).

A B

w
o
=]
N
Q
=]

Lucilia eximia Campinas Lucilia eximia Campinas
Jundiai Jundiai

i
®©
=]

Dinamica sem migracdes locais Dinémica com miarac@es locais

250 - Paulinia Paulinia
r m=0.1
Jundiaf para Paulinia

=
@
=)

-
'
o

-
1N}
o

Tamanhos populacionais
Tamanhos populacionais

250
Geracdes Geragdes

Fig. 10. Simulagdes da recorréncia no tempo para populagdes de L. eximia isoladas (A) e sujeitas a migracéo
local entre municipios (B).

Nas simulacdes mostradas na figura 11 com o modelo dependente da densidade estruturado
para migracOes locais entre Jundiai, Mogi Guacu e Paulinia, observa-se série temporal com
maior abundancia para C. albiceps na cidade de Mogi Guacu (Fig. 11A). Para que as trés
populacdes obtenham espectros de oscilacdo similares foi necessaria a atribuicdo de 0.1 para

m, no sentido Mogi Guacu para Paulinia (Fig. 11B).
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Para C. megacephala, considerando os mesmos trés sitios populacionais (Jundiai, Mogi
Guacu e Paulinia), temos uma abundancia inicial maior em Mogi Guacu (Fig. 12A). Para que
as trés populacdes obtenham espectros de oscilacdo similares foi necessaria a atribuicdo de

0.15 para m (migracao local), no sentido de Mogi Guacu para Paulinia (Fig. 12B).
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Fig. 12. Simulag6es da recorréncia no tempo para populac@es de C. megacephala isoladas (A)
e sujeitas a migracdo local entre municipios (B).
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Para L. eximia, envolvendo as cidades de Jundiai, Mogi Guacu e Paulinia, a maior
abundéncia inicial ocorre em Jundiai (Fig. 13A). Para a obtengdo de espectros de oscilacdo
similares entre as trés populacfes, um valor de m=0.17 (migracao local) foi necessario, no

sentido de Jundiai para Mogi Guacgu e Paulinia (Fig. 13B).
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Fig. 13. SimulagGes da recorréncia no tempo para populacdes de L. eximia isoladas (A) e sujeitas & migragéo
local entre municipios (B).
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Finalmente, na figura 14, h& simulacdes estocasticas permitindo que a migracdo aconteca

aleatoriamente entre 0 e 0.2, entre todos os sentidos possiveis. As oscilacdes entre as trés

cidades sdo aproximadamente sincrénicas neste caso. As migracdes estocasticas em todos 0s

sentidos geraram sincronia entre as populacdes das trés cidades, o que também foi observado

por Serra et al. (2007), com a utilizacdo do modelo de Prout & McChesney (1985).
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Fig. 14. SimulagGes da recorréncia no tempo para populac@es de C. albiceps, C. megacephala
e L. eximia sujeitas a migracdo local entre trés municipios, com sorteios aleat6rios de m entre 0 e 0.2.
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Os resultados obtidos com as simulagdes para C. albiceps com populagdes isoladas e
acopladas por migracdo entre os municipios de Artur Nogueira, Campinas e Cosmdpolis (Fig.
5) descrevem os sistemas de acordo com os dados obtidos nas coletas. Para as populagfes
isoladas, Campinas aparece como 0 municipio com maior abundancia de espécimes, se
comparado aos outros municipios, que apresentaram abundancias similares entre si. No
tocante a probabilidade de extincdo local pode-se concluir que as trés populagdes tém a
mesma chance, ja que os valores oscilam da mesma forma entre todas, tanto nas simulacoes
para populagdes isoladas quanto nas simula¢Ges com migracéo local.

A maior abundancia observada para o municipio de Campinas ja era esperada em
funcdo dos resultados obtidos, bem como por ser um municipio muito maior que 0s outros e,
portanto, com producdo muito superior de matéria organica em decomposicdo para a
subsisténcia da espécie e também maior oferta de nichos.

Por outro lado, a estrutura populacional simulada sugere que o0s pardmetros
demograficos r e K, respectivamente taxa de crescimento e capacidade suporte, ndo foram
influenciados pelo tamanho dos municipios no tocante a probabilidade de extingcdo
populacional. Este resultado reporta-se ao padrdo ecoldgico convencionalmente descrito por
modelos populacionais (Hanski, 1999), em que uma fonte produtora de recursos prové a
sustentacdo de sub-populagdes acopladas por migracdo, seja recolonizando sitios ja extintos
ou prevenindo a extin¢do local. Ha certamente outros fatores geograficos e ambientais e de
natureza demografica, como por exemplo, a estrutura etaria, que ndo estdo incorporados nos
modelos utilizados e que certamente poderiam também influenciar os resultados. Contudo, as
analises realizadas ddo uma percepg¢éo inicial de como 0s mecanismos ecologicos podem
influenciar populagdes de insetos no tocante a dinamica no tempo e no espaco.

O papel de C. albiceps no contexto forense, atuando como especie reguladora da

densidade de outras, tem sido evidenciado em estudos focados em dinamica populacional,
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sucessdo faunistica e outros aspectos ecoldgicos importantes para a area médico-legal
(Grassberger et al.,, 2003; Serbino & Godoy, 2007). Chrysomya albiceps é predadora
intraguilda na fase larval e este comportamento pode alterar a interpretagéo sobre o registro
de fauna encontrado na cena do crime, visto que outras espécies que poderiam ser
encontradas no local, caso tenham larvas depositadas no cadaver simultaneamente a presenga
de C. albiceps, poderdo ser predadas e, portanto, a fauna cadavérica, sobretudo de dipteros
muscoides, torna-se bastante restrita.

Os resultados apresentados na figura 5A e 5B tornam-se bastante relevantes se
considerado este aspecto. No exemplo simulado, a migracdo entre populagdes locais, no
sentido Campinas para outros municipios poderia equilibrar a fauna pela diminuicdo dos
espécimes de C. albiceps. Estudos pormenorizados considerando a estrutura de
metacomunidades poderiam ser Uteis na melhor compreensdo da dindmica de migracdo
considerando interacdes troficas, como a predacao intraguilda (Amarasekare, 2006).

Os Graficos sem migracdo (Figs. A) sdo importantes porque mostram a dinamica
individual de cada espécie influenciada somente pela taxa de crescimento (r) e capacidade
suporte (K) de cada municipio. No geral, nas simulacdes verificou-se que a dindmica de cada
espécie ndo mostra maior ou menor susceptibilidade a extingdo. O que se percebe sdo

espectros de oscilacdo maiores ou menores.

As espécies que possuem menor espectro de oscilagbes sdo as que tenderiam a
estabilidade. Por outro lado, as espécies que tem maior espectro atingem valores mais altos,
garantindo maior probabilidade de colonizagdo de novas areas (Hanski, 1999). Estas ultimas
podem ser relevantes no contexto forense, ja que elas serdo mais abundantes em uma dada
area e provavelmente terdo mais chance que colonizar cadaveres. Um aspecto que merece

atencdo € que a dindmica populacional de Lucilia eximia no presente estudo foi diferente das
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duas espécies de Chrysomya. Observa-se na figura 10A que L. eximia em Jundiai alcanga

valores mais altos de abundéncia, o que também tem importancia forense.

Os Gréaficos com migracdo (Figs. B) mostram qual(s) a(s) taxa(s) necessaria(s) para
que a abundancia de determinada espécie se torne homogénea entre 0S municipios
considerados. A abundancia de cada espécie varia nos municipios em funcdo dos fatores
ambientais e também da predacéo exercida por C. albiceps. Contudo, os modelos empregados
neste estudo ndo contém o componente de interacdes para investigar a dimensao da predacao
intraguilda. Os fatores que governam essas variagdes em abundancia sdo importantes para a
ciéncia forense, pois através deles pode-se saber que sob determinadas condicbes a fauna
pode ser mais ou menos restrita. Municipios mais distantes entre si certamente tem menor
taxa de migracdo que os mais proximos e isto pode definir padrdes faunisticos. Estes padrdes
sdo fundamentais para o mapeamento faunistico de espécies de interesse forense para

determinada regiéo.
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Necrophagy by the Social Wasp Agelaia pallipes (Hymenoptera:
Vespidae, Epiponini): Possible Forensic Implications

by
T. C. Moretti', P. ]. Thyssen', W. A. C. Godoy' & D. R. Solis*
ABSTRACT

The occurrence of 62 specimens of Agelaia pallipes caught in carrion traps
using three types of baits (fish, cow liver and poultry viscera) in three different
types of environments (rural, urban and forest area) in seven municipalities in
Southeastern Brazilisreported here. This specific necrophagic behavioris dis-
cussed, since investigations concerning carrion wasps are scant in literature.

Key Words: swarm-founding wasps, vertebrate carrion, forensic entomol-

ogy, Brazil.
INTRODUCTION

Wasps can feed directly on the fluids and tissues of carcasses, mainly in
the earlier decomposition phases. Moreover, Vespidae species are predators
of immatures and adults of sarcophagid and calliphorid flies, reducing their
populationsand therefore havinga crucial role in the decomposition process,
by retarding it (Wells & Greenberg 1994).

According to Silveira ez al. (2005), carrion may be an important food
source for social wasps (Vespidae) and bees (Apidae) in the Neotropical
region, even though they depend primarily on live insect prey and pollen,
respectively. The quality of a carcass as a source of amino acids, lipids, protein,
carbohydrate, vitamins, and minerals seems to be dependent on taxon and

stage of decomposition (Roubik 1989).

'Departamento de Parasitologia, Instituto de Biociéncias, Universidade Estadual Paulista “Jalio de
Mesquita Filho”, Botucatu, SP, Brazil.

*Departamento de Biologia, Instituto de Biociéncias, Universidade Estadual Paulista “Jalio de Mesquita
Filho”, Rio Claro, SP, Brazil.

Corresponding author: T. C. Moretti, Departamento de Parasitologia, Instituto de Biociéncias,
Universidade Estadual Paulista “Jtilio de Mesquita Filho”, Botucatu, SP, Brazil. CEP: 18618-000. E-mail:
temoretti@yahoo.com.br



394 Sociobiology Vol. 51, No. 2, 2008

Despite theabundance, diversity, distribution and ecological significance of
the tribe Epiponini, most of its genera and species are known just taxonomi-
cally, with the basic natural history aspects of some genera poorly investigated
(Hunt ez al. 2001).

Agelaia (Lepeletier, 1836) formerly Stelopolybia, belongs to the subfamily
Polistinaeand is the third-largest epiponine genus with 31 species, all social. It
is distributed from Mexico to northern Argentina, with 15 species recorded
from Brazil (Hermes & Kohler 2004). This genus is one of two epiponine
genera in which foragers are known to include the flesh of dead animals
among the provisions for developing brood.

O’Donnell (1995) and Silveira e /. (2005) reported the occurrence of
necrophagy by Agelaia testacea, A. hamiltoni, A. multipicta, A. panamensis, A.
areata, A. yepocapa, A. angulata, A. pallipes, A. fulvofasciata and A. cajennensis
collected in Costa Rica, Peru, Venezuela and Brazil, visiting a wide diversity
and size range of carcasses: alarge katydid (Orthoptera: Tettigoniidae), catfish,
tayra (Eira barbara), snakes, an opossum (Didelphis sp.), tuna fish, poultry,
frog embryos, iguanid lizards and a fragment of bovine lung.

The observations reported here are part of a Thematic Project named
“Forensic Entomology: the utilization of Arthropods for determining time,
place, cause and circumstances of death”, supported by FAPESP (The State of
Sao Paulo Research Foundation), grant no. 04/08544-0. The project involves
research from various Universities in Sao Paulo State and arthropod collec-
tion in several localities of this State, and aims to expand the inventory of
necrophagous species and to increase the comprehension of parameters that
may be important in forensic analysis, such as the structure and dynamics
of carrion insect communities, and the estimates of post-mortem intervals
(PMI).

We herein report the consumption of vertebrate carrion by the Neotropical
swarm-founding wasp Agelaia pallipes in the State of Sao Paulo, motivated by
the lack of investigations on social wasps concerning biological aspects and
possible importance to forensic sciences.

MATERIALS AND METHODS

The collections were performed monthly from May to November 2006 in
three different types of environments (rural, urban and forest areas) in the
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following municipalities of the State of Sao Paulo, Brazil: Artur Nogueira
(22°34°227S,47°10°22”W ), Botucatu (22°53’09”’S,48°26’42” W ), Campinas
(22°53°207S,47°04'40” W), Cosmépolis (22°38°45”S,47°11’46” W), Jundiaf
(23°11’117S, 46°53°03”W ), Mogi Guagu (22°22720”S, 46°56’32” W) and
Paulinia (22°45’40”S, 47°09°15”W/).

Three types of baits were utilized: fish (pieces of sardine), cow liver and
poultry viscera, all being left to rot for 48 h at room temperature before
being placed into the traps. Carrion traps, similar to the kind used for the
collection of muscoid flies by several authors (Ferreira 1978; Linhares 1981)
were used.

Each trap was made of 2 plastic soft drink bottles — each one approximately
35 cminheightand 8 cmin diameter (Fig. 1). The bottom of both bottles were
removed to allow them to fit and to permit the entrance of insects through
the inferior one, which was painted black. After every 24 hours of exposure,
the baits were replaced in the traps, which were suspended with a cord from
tree branches, approximately 180 cm above the ground. The traps remained
exposed in the st:udy sites for a period of 72 h, after which any trapped wasps

‘ m » werecollected, taken to thelaboratory,
5% and killed by freezing to -20°C for
%% identification. Each of the environ-
~ mentsin each city received 6 traps per
A" round of trapping, 2 for each kind of
.| bait, a total of 18 traps per city.

RESULTS

. During the present investigation,
62 specimens of A. pallipes were cap-
tured in the municipalities of Artur
Nogueira, Campinas, Cosmépolisand
Mogi Guagu. Table 1 shows their dis-
tribution according to environments
and baits. Most of the specimens were
collected in the municipality of Artur
Fig. 1. Suspcndcd carrion trap usedto capture Noguelra (ﬂ 21; 33. 87%) followed
necrophagous wasps in Sao Paulo State, Brazil. by MOgl Guacu (}2 2} ‘32, 26%)




396 Sociobiology Vol. 51, No. 2,2008

Campinas (z=12;19.35%) and Cosmopolis (#z=09; 14.52%). Regarding the
typeofbait, 24 specimens (38.71%) were found in the liver baits, 20 (32.26%)
in the fish baits and finally 18 specimens (29.03%) were collected from the
traps using poultry viscera. In relation to the type of environment, most of
A. pallipes (n=39; 62.91%) were found in the forest environment, while 23
specimens (37.09%) were collected in the rural environment. In the urban
environment, we have not collected any 4. pallipes specimens.

DISCUSSION

As can be seen in table 1, there is some variation in the abundance of 4.
pallipes in the different environments and cities. It is unlikely that this is due
to diverse weather conditions, since the four cities share the same type of
weather, Cwa - a subtropical climate, presenting dry winters (temperatures
below 18°C) and humid and hot summers (with the average temperature of
the hottest month above 22°C). This kind of weather encloses most of the Sao
Paulo State, mainly in the central and eastern regions, with altitudes between
500 and 700 meters (Setzer 1966).

Therefore, the differences in abundance are most likely a result of other
factors, such as the type of environment (rural, urban and forest) or the
relative degree of disturbance in the forest areas from the different cities,
since the forest area from Artur Nogueira (with the higher abundance of 4.
pallipes) may be considered quite undisturbed, which is in accordance with
the investigations carried out by O’'Donnell (1995) and Silveira ez al. (2005),
who collected 4. pallipes mainly in well preserved forest sites. It is also worth

Table 1. Number of specimens ongelaia pallipes collected in the4 municipalities,inaccordance
with the type of environments and bait utilized. (R) rural, (U) urban & (F) forest; 7= total
number of specimens of A. pallipes per bait type.

Municipalities Bait/ environments
Fish (»=20) Liver (n=24) Poultry (»=18)
R U F R U F R U F
Artur Nogueira 1 6 1 10 1 2
Campinas 1 3 3 2 - 3
Cosmopolis 1 - 2 - 2 - 4
Mogi Guagu 6 - 2 4 7 1
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notingthe absence of specimens of A. pallipes in the urban area of all the cities
involved in the study.

Comparing the relative preference of A. pallipes for the type of bait (fish,
cow liver or poultry viscera), we can observe a slight predilection for the liver
(38.71%), which is interesting since it is the only bait of mammalian origin,
giving it a more direct forensic application.

Among the community of necrophagous Hymenoptera, ants are the most
representative group (Martinez e al. 2002). Regardless, bees and wasps are
rarely included in forensic entomology investigations, even though they
contain both obligate and facultative species. The visiting of carrion by wasps
does not necessarily mean that necrophagy is taking place: it may simply
indicate the searching for inorganic salts, water or materials for nest building
(Noll 1997).

Workers of Agelaia species have astructural modification of the mandibles,
possibly associated with necrophagy: the dorsal tooth on the inner surface
of the mandibles is elongated into an acute ridge that spans the length of
that surface (O’Donnell 1995), and thus enables the foragers to cut a piece
of flesh and to turn it into a ball.

The real importance of necrophagy for brood nutrition in social wasps
is difhicult to assess, but the skills of Agelaia sp. at rapidly discovering pieces
of carcasses (Cornaby 1974) may suggest carrion is an important source of
protein or other nutrients.

Thegrowingimportance of Forensic Entomology in the Neotropical region
in recent years (Mavarez-Cardozo ez al. 2005) is leading to a more concrete
knowledge of the role played by scavengers, essentially by blowflies (Diptera:
Calliphoridae), fleshflies (Diptera: Sarcophagidae) and, more rarely, by other
families of flies and some Coleoptera groups. However, an understanding
of the possible functions of swarm-founding wasps as carrion consumers is
still lacking.

Further studies on the possible displacement of flies by wasps in carrion
microhabirtats are necessary, as are investigations concerning the quantiﬁca-
tion of flesh removal rates by carrion wasps, in order to clarify the relative
ccological importance of carcass scavenging by this hymenopteran group.
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ABSTRACT In addition to feeding on carrion tissues and fluids, social wasps can also prey on
immature and adult carrion flies, thereby reducing their populations and retarding the decomposition
process of carcasses. In this study, we report on the occurrence and behavior of social wasps attracted
to vertebrate carrion. The collections were made monthly from September 2006 to October 2007 in
three environments (rural, urban, and forest) in six municipalities of southeast Brazil, using baited
bottle traps. We collected Agelaia pallipes (Olivier, 1791) (n = 143), Agelaia vicina (Saussure, 1854)
(n = 106), Agelaia multipicta (Haliday, 1836) (n = 18), and Polybia paulista Thering, 1896 (n = 3).
The wasps were observed feeding directly on the baits and preying on adult insects collected in the
traps. Bait and habitat associations, temporal variability of social wasps, and possible forensic impli-

cations of their actions are discussed.

KEY WORDS  Agelaia, Epiponini, forensic entomology, necrophagy, Polybia

Neotropical social wasps belong to the subfamily
Polistinae, a group that encompasses >900 species in
25 genera, and are most abundant and diverse in the
tropics and subtropics (Gomes and Noll 2009). The
subfamily is divided into four tribes, of which three
occur in Brazil, as follows: Polistini, Mischocyttarini,
and Epiponini (Silva and Silveira 2009). In the last
group, Agelaia Lepeletier, 1836; Angiopolybia Araujo,
1946; and some species of Polybia Lepeletier, 1836 are
commonly recorded as consumers of vertebrate car-
casses (Gomes and Noll 2009, O'Donnell 1995).
Although the literature on feeding habits of social
wasps is sparse and anecdotal (Hunt 1991), it is well
known that carrion may play an important role in the
nourishment of these insects (Silveira et al. 2005).
Nonetheless, few studies on insects associated with
vertebrate carcasses in Brazil have dealt with social
wasps (but see, e.g., Gomes et al. 2007a, 2007b; Moretti
et al. 2008; Noll and Gomes 2009), and, with the ex-
ception of Silveira et al. (2005), almost no extensive
surveys have dealt specifically with carrion wasps.
Ecologically, social wasps using vertebrate carrion
function as both predators and necrophages. As pred-
ators, adults feed their larvae immatures and adults of
carrion flies (mainly blow flies and flesh flies), and
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deplete their populations. This may retard the decom-
position process (Wells and Greenberg 1994). As
necrophages, social wasps not only feed their larvae
the carcass tissue itself, but also may produce holes or
abrasions that can attract other kinds of necrophagous
insects, accelerating the decomposition process.
Moreover, social wasps, as ants (Campobasso et al.
2009), can produce postmortem artifacts that can be
interpreted as premortem mutilations or injuries, pos-
sibly leading to errors in forensic evaluations.

The current study aims to report the occurrence,
behavior, and annual variation in abundance of social
wasps attracted to three types of vertebrate carrion
(fish, chicken gizzards, and beef liver) in different
environments of Sdo Paulo state, southeast Brazil.

Materials and Methods

Study Sites. The collections were carried out in
rural, urban, and forest environments in the fol-
lowing six municipalities: Artur Nogueira, Campinas,
Cosmépolis, Jundiai, Mogi Guacu, and Paulinia (Fig.
1). The rural sites in these municipalities are charac-
terized by moderate agricultural activity and livestock
farming, with a few scattered houses; their urban sites
have little commercial activity; and the forest sites are
mainly woodland remnant patches with similar phy-
tophysiognomic features, with the exception of
Campinas, where the forest area is a 250-ha mesophilic
semideciduous Atlantic Forest fragment (Morellato
and Leitdo Filho 1995) surrounded by human dwell-
ings.

All of these cities have the same type of weather
according to the Képpen climate classification, Cwa-

0022-2585/11/1069-1075504.00/0 © 2011 Entomological Society of America
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Fig. 1.

subtropical climate, with cool, dry winters (temper-
atures below 18°C) and hot, humid summers (with the
mean temperature in the hottest month above 22°C),
as generally occurs in the state of Sao Paulo, mainly in
the central and eastern regions, at altitudes between
500 and 700 m (Setzer 1966).

On-Site and Laboratory Procedures. The collec-
tions were made monthly from September 2006 to
October 2007. Each of the environments in each mu-
nicipality was monitored using six traps per month,
two for each kind of bait, totaling 18 traps per munic-
ipality/mo and 1,512 sample units during the study.
Baits composed of 12 ¢ of fish (sardines), beef liver, or
chicken gizzards were employed. Carrion traps, sim-
ilar to those used to collect muscoid flies by several
authors (Ferreira 1978, Linhares 1981a, Erzin¢lioglu
1996, Hwang and Turner 2005, Silveira et al. 2005),
were installed =15 m apart at the collection sites. Each
trap (Fig. 2) was made of two 2.0-L plastic soft-drink
bottles, each =35 cm in height and 8 cm in diameter.
The bottoms of both bottles were removed to allow
one to fit into another and to permit the entrance of

Map showing the study sites.

insects through the bottom opening of the lower bot-
tle, which was painted black. The cap of the lower
bottle was also removed, so its top end was open. Each
bait was placed at the top end of the lower bottle with
a small metal hook and was replaced in the traps every
24 h,

Asrecorded by Hwang and Turner (2005), this type
of bottle trap is low priced and easy to make and to
transport to and from the field. Each trap was sus-
pended with a cord from a tree branch, =180 cm above
the ground. Each trap remained exposed at the study
site for a period of 72 h, after which any wasp trapped
in the top bottle was collected, taken to the laboratory,
and killed by freezing at —20°C, until later identifica-
tion. After identification, the specimens were stored in
a freezer. Any nonwasp arthropods collected in the
traps were excluded from the analyses. Meteorological
data were obtained from AGRITEMPO (2011).

Voucher specimens have been deposited in the Es-
cola Superior de Agricultura Luiz de Queiroz Ento-
mological Museum (Department of Entomology and
Acarology, Escola Superior de Agricultura Luiz de
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Capture chamber
(transparent bottle)

Bait

Access chamber
(dark and open bottle)

Tt

Fig. 2. Carrion trap used to collect social wasps in south-
east Brazil (adapted from Moretti et al. 2009). (Online figure
in color.)

Queiroz/University of Sio Paulo, Piracicaba, Sio
Paulo, Brazil).

Statistical Analyses. A one-way analysis of variance
(Gotelli and Ellison 2004) (independent variables:
municipality, environment, and bait; dependent vari-
able: abundance) was employed to compare the dif-
ferences in abundance for the two most abundant
species, Agelaia pallipes (Olivier, 1791) and Agelaia
vicina (Saussure, 1854).

The ¥* test (Beiguelman 2002) was used to verify
the possible preference of A. pallipes and A. vicina for
type of environment (rural, urban, and forest) and bait
(fish, beef liver, or chicken gizzards).

Results

We collected 270 adult specimens of four social
wasp species: three of Agelaia Lepeletier, including A.
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pallipes (Olivier, 1791) (52.96%), A. vicina (Saussure,
1854) (39.26%), and Agelaia multipicta (Haliday,
1836) (6.67%); and one of Polybia Lepeletier, Polybia
paulista Thering, 1896 (1.11%) (Table 1). Most wasps
were attracted to fish (47.78%), followed by chicken
gizzards (28.15%) and beef liver (24.07%) (Table 1).
Regarding the collection environment, most speci-
mens were collected in the forest (71.48%), followed
by the rural (22.96%) and the urban environments
(5.56%) (Table 1). The municipality (F = 0.012, P =
0.99), environment (F = 0.23, P = 0.63), and type of
bait (F = 5.67, P = 0.15) did not affect the abundance
of A. pallipes throughout the study. Similarly, these
same factors (municipality, F = 0,94, P = 0.41; envi-
ronment, F = (.58, P = 0.57; type of bait, F = 0.067, P =
0.93) showed no correlation with the abundance of
A. vicina.

The ¥* test showed that the only significant differ-
ence was for the bait preference of A. vicina, which
prefers fish (y* = 52.8, df = 4). For the other analyses
(A. vicinal environment, A. pallipes/bait, and A. pal-
lipes/ environment), no significant preference was
identified (P > 0.05).

Table 2 compares the species compositions found in
the current study with assemblages found in three
other studies on social wasps associated with verte-
brate carrion in Brazil: Silveira et al. (2005), Gomes et
al. (2007b), and Noll and Gomes (2009). A. pallipes
was the only species common to all of these studies.
Fig. 3 shows the annual variation in abundance of A.
pallipes and A. vicina (the two species with the highest
abundance throughout the study) in relation to rain-
fall (mm). The annual variation in abundance of A.
pallipes and A. vicina in relation to temperature (°C)
is shown in Fig. 4. For A. vicing, three clear abundance
peaks were observed: one in November 2006, another
in August 2007, and finally one in September 2007. For
A. pallipes, there was only one pronounced peak in
September 2007. The abundance peaks for both spe-
cies occurred when the precipitation levels were low
and the temperature rose.

The wasps were observed feeding directly on the
baits and preying on adult insects collected in the
traps (flies, moths, butterflies, ground crickets, cone-
headed katydids, grasshoppers, common lacewings.
and earwigs). When feeding on carcasses, foragers of
epiponine wasps, similarly to their behavior with ar-
thropod prey, their major protein source for the lar-
vae, were observed cutting the carrion into a small

Table 1. Social wasps collected in southeast Brazil: bait and environment preferences
Bait/Environment

Species Fish (47.78%)" Beef liver (24.07%)° Chicken gizzard (28.15%)“

R 8] F R U F R U F

Agelaia pallipes (n = 143) 20 - 38 12 - 33 20 - 20
Agelaia vicina (n = 106) 1 6 52 - 3 11 - 5 28
Agelaia multipicta (n = 18) 6 1 5 - - 4 - 2
Polybia paulista (n = 3) - - - 2 - - 1 - -

n, Total abundance of each species collected during the study. F, forest; R, rural; U, urban.

“ Percentage of wasps attracted to each type of bait.
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Table 2.  Comparison of species composition among the present study and other surveys of carrion wasps in Brazil

Surveys

Species

Silveira et al. (2005)° Gomes et al. (2007b)”  Noll and Gomes (2009)°

Present study (2011)¢

Angiopolybia pallens (Lepeletier, 1836)
Angiopolybia paraensis (Spinosa, 1851)
Agelaia fulvofasciata (Degeer, 1773)
Agelaia angulata (Fabricius, 1804)
Agelaia pallipes (Olivier, 1791)

Agelaia cajennensis (Fabricius, 1798)
Agelaia vicina (Saussure, 1854)
Agelaia multipicta (Haliday, 1836)
Polybia paulista Thering, 1896

Polybia ignobilis (Haliday, 1836)

I ]

X X X
X X X

X
X X
X

“ Ferreira Penna Research Station (ECFPn), “Floresta Nacional de Caxiuand,” Amazon Rainforest, municipality of Melgago, state of Pard,

Brazil (1:32'S, 51:20'W/ 1:50'S, 51:41'W).

" Open field area on the campus of the Universidade Estadual Paulista, municipality of Rio Claro, state of Sao Paulo, Brazil (22° 23'5'S, 47°

32'32.28"W).

A fragment of semideciduous seasonal forest, municipality of Paulo de Faria, state of Sao Paulo, Brazil (19°58'S, 49° 31"W/19°55'S, 49° 30'W).

¥ See Materials and Methods section (study sites).

piece, molding each piece into a ball with the man-
dibles and forelegs, and then transporting it to the nest
(O'Donnell 1995).

Some of these predated insects gained access to the
trap by crawling down the hanging cord. Frequently,
only fragments of these insects, which proved insuf-
ficient to allow their identification to species level,
were found in the traps from which wasps were col-
lected, demonstrating that predation by wasps had
taken place.

Discussion

A. pallipes was the only species in common among
previous studies conducted by Silveira et al. (2005),
Gomes et al. (2007b), Noll and Gomes (2009), and the
current study (Table 2). Also, A. vicina appeared in

three of the four studies. More species in common
might have been found if all the studies had used the
same method to attract wasps. Silveira et al. (2005)
used carrion traps baited with 50-g pieces of beef
lung, whereas Noll and Gomes (2009) used 15-cm
pieces of beef muscle. Gomes et al. (2007b) used pig
carcasses weighing =10 kg and a hand net to collect
the wasps. A whole carcass provides more flesh and
available niches for wasps compared with small
pieces of carrion; therefore, higher abundance and
species diversity would likely occur in whole car-
casses than in baits. Although these studies used
different baits, we believe that they are comparable
because, as pointed out by Bourel et al. (1999), most
necrophilous insects are not specifically attracted to
a particular type of carrion. The stage of decompo-
sition is probably more important than the type of

=3 A. pallipes W . vicina — - =Rainfall
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Fig. 3. Annual variation in abundance of A. pallipes and A. vicina in relation to rainfall (mm).
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carrion in attracting a specific group of necropha-
gous insects (Early and Goff 1986).

The variation in species abundance and composi-
tion we found may be related to habitat features or
other site differences (see Table 2). The collection
method may also explain the relatively low diversity of
species of social wasps found in the current study.
Silveira (2002) stated that traps would be efficient
only for sampling the most abundant species of a given
site, because this method is strongly dependent on the
abundance, size of colonies, and season. Thus, bait
trapping limits the number of species more than whole
carcasses, which may affect forensic determinations.

Another reason for our observed low species diver-
sity is the high degree of degradation in the forest
environments at our study sites (Noll and Gomes
2009). A well-preserved forest would probably host
many more species of Agelaia, for example. Other
possible causes for the low species number are the
availability of food resources, nesting sites, and season
of the year (Santos et al. 2009).

Our study provides some evidence that the physical
dimensions and perhaps placement of baits can greatly
affect the outcome of monitoring. Our traps were
installed 180 cm above the ground. D’Adamo and
Lozada (2007) found that the higher a visual clue is
placed, the easier it will be detected by wasps and
bees. The height of the traps also most likely affected
which wasp species were collected.

Although the Agelaia species occurred in all three
types of environments and the statistical test showed
no significant difference among areas, the wasp spe-
cies seemed to be most attracted to forest sites. Silva
and Silveira (2009) found similar results. This result
may be related to the occurrence of larger numbers of
decomposing animals and available habitat for nest
construction in the forest, compared with the urban/
rural sites.

llipes and A. vicina in relation to temperature (°C).

Species of Agelaia have large colonies (Zucchi et al.
1995), which would allow them to be collected fre-
quently throughout the year. Agelaia foragers regu-
larly feed on vertebrate carrion, and are commonly
more numerous locally than those of other Epiponini
(Hunt et al. 2001). Occasionally, the abundance of
Agelaiais surpassed by that of Polybia, which often live
in smaller, but more numerous colonies (O’Donnell
1995). Because foragers of these two genera are usu-
ally abundant on carcasses, similar numbers of col-
lected specimens should be expected. The predomi-
nance of specimens of Agelaia over Polybia in our
collections is therefore most likely caused by other
factors, for instance, the distance between the nests
and the baits. We collected a large number of A. vicina
in the forest sites. This species requires large spaces to
build its nests, such as holes in large trees (Zucchi et
al. 1995), which are found in the forest environments
of all the municipalities where the collections took
place. According to Santos et al. (2009), vegetation has
a direct (by providing nesting sites and food re-
sources) and indirect (by causing variations in tem-
perature, air humidity, and shade levels) influence on
the communities of social wasps in a given locality.

With respect to bait preferences, we collected more
wasps attracted to the fish. This finding is not entirely
new, because some Agelaia species are strongly at-
tracted to fish carcasses (O’Donnell 1995). This pref-
erence is probably related to the adaptation of wasps
to the easily available fish carcasses in the study area,
which contains several rivers belonging to three main
hydrographic basins, as follows: Piracicaba, Capivari,
and Jundiai. Because of this preference, Agelaia ful-
vofasciata is known in Brazil as “caba de peixe” (fish
wasp) (Ducke 1910). However, to our knowledge,
Agelaia does not necessarily or preferably nest in ri-
parian areas. The utilization of antibiotics in poultry
production, mainly as growth promoters (Edens
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2003), may have affected the attraction of wasps to
chicken gizzards, because these substances remain in
their carcasses.

Although food preferences exist in social wasps, the
broad range of protein and carbohydrate sources used
by foragers would overcome the potential difficulties
arising from the reduction in the availability of a pre-
ferred food item (Spradbery 1973). Because the baits
were replaced in the traps after 24 h of exposure,
relatively fresh baits were available throughout the
study. The choice of a food item by social wasps
depends on the stage of decomposition of a vertebrate
carcass. An animal dead for a long time or already
infested with fly maggots does not offer the same
nutritional quality as a freshly dead carcass, and will be
avoided by foragers (O’Donnell 1995). Alternatively,
in poorly diversified communities of arthropod prey
types, the carcass may be an important alternative for
the wasps. Future studies using stable isotope analysis
(Ikeda et al. 2006, Tooker and Hanks 2004) could
determine whether wasps are feeding on vertebrate
carrion and confirm which arthropod species present
in the carcass are being consumed by them. We be-
lieve that wasps most likely have a greater effect on the
decomposition process than we realize.

The peaks of abundance of social wasps tended to
occur in months with low levels of precipitation in the
study area (Fig. 3). During the dry and cold season,
carcasses tend to remain preserved for longer periods,
and may then attract more wasps. Water availability is
a key factor for the survivorship rates of social wasps,
because of the depletion of nectar and insects. In this
scenario, the carrion in the traps becomes a viable
alternative source of sugar, water, and proteins
(Elpino-Campos et al. 2007). In contrast, carcasses
may become waterlogged and unattractive to wasps
because of excessive rainfall (Archer 2004). Figs. 3 and
4 also demonstrate a clear mutual avoidance between
A. pallipes and A. vicina throughout the collection
period, possibly because the two species have similar
niches. Displacements of one wasp species by others
are common (O’Donnell 1995). When more than one
wasp species is foraging at a carcass, competition for
arthropod prey is likely to occur. Species that are less
efficient in capturing prey (e.g., have a long handling
time) may use the carcass as a protein source. To our
knowledge, there are no published records of inter-
actions between A. pallipes and A. vicina. Studies fo-
cusing on overlapping niches may clarify the true
extent of interaction between these species.

A notable aspect of these findings is that the quan-
tity and diversity of forensically important insects
(mainly blow flies and flesh flies) may be underesti-
mated. This is a possible practical implication of the
usual finding of only insect fragments in the bottle
traps, because of the predation of wasps on these flies.
When extrapolating this circumstance to real forensic
cases, the postmortem interval may be inaccurately
estimated, when its inferences are based on insect
succession. Therefore, caution is recommended in this
regard, because surveys of flies of forensic importance
that use the methodology employed in the current
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study are widespread (e.g., Ferreira 1978, 1983; Lin-
hares 1981a, 1981b). However, caution must be exer-
cised because the confined space of the trap may have
artificially increased the degree of predation com-
pared with that on actual carcasses, because the prob-
ability of predator/prey encounters was increased
(Hampton 2004).

Self-Critique. The sampling method used in the
current study has potentially strong biases, as opposed
to netting on a natural carcass. This issue was previ-
ously raised by Hwang and Turner (2005) for blow
flies. According to these authors, the attractiveness of
baited traps may be affected, among other factors, by
different reactions to the trap stimulus among differ-
ent species, weather aspects, height, and position of
traps. However, because our experimental design used
1,512 sample units, it would have been difficult, in
terms of logistics and fieldwork, to use pig carcasses
(currently considered the best model to reproduce
the decomposition of a human body; see Michaud and
Moreau 2009) in the current study. Moreover, our
sampling method has the following advantages: 1) no
pigs are killed, avoiding problems with ethical norms
of animal experimentation; 2) traps can be distributed
in a wider range of localities/ municipalities; 3) sam-
pling errors are minimized, because it is unnecessary
to compare weights of pig carcasses.
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Abstract. Determining the season of death by means of the composition of the families of insects infesting carrion is rarely
attempted in forensic studies and has never been statistically modelled. For this reason, a baseline-category logit model is proposed
for predicting the season of death as a function of whether the area where the carcass was exposed is sunlit or shaded and of the rela-
tive abundance of particular families of carrion insects (Calliphoridae, Fanniidae, Sarcophagidae, and Formicidae). The field study
was conducted using rodent carcasses (20-252 g) in an urban forest in southeastern Brazil. Four carcasses (2 in a sunlit and 2 in a
shaded area) were placed simultaneously at the study site, twice during each season from August 2003 through June 2004. The feasi-
bility of the model, measured in terms of overall accuracy, is 64 £ 14%. It is likely the proposed model will assist forensic teams in
predicting the season of death in tropical ecosystems, without the need of identifying the species of specimens or the remains of car-

rion insects.

INTRODUCTION

The microenvironment to which a carcass is exposed
(e.g. shaded or sunlit sites), which affects local air tem-
perature, humidity and rate of dehydration, has a major
effect on (i) the rate of decomposition of the carcass, (ii)
its attraction as an oviposition/larviposition site for flies,
(iii) maggot development and (iv) relative abundance of
carrion insects (Shean et al., 1993).

Another major factor is the season of the year, which
has a crucial influence on weather and on the biotic com-
munity of a region, and may also affect both the decom-
position process and the composition of the carrion
entomofauna (Tomberlin & Adler, 1998).

The season is even more important than the time that
has elapsed since death in determining the time of coloni-
zation of several species of carrion insects, mainly in tem-
perate countries (Anderson, 2010).

The seasonality of some carrion arthropods and the dif-
ferent times of colonization of a carcass in different sea-
sons imply that these organisms may be valuable in
determining the season of death, which is especially
useful when a corpse is discovered long after death
occurred (i.e. long PMI cases) (Anderson, 2010). Estab-
lishing the season of death can be crucial in
determining/eliminating suspects and confirming alibis in
the case of murder, accidental death, suicide and even
when the death is from natural causes (Schoenly et al.,
1992; Geberth, 1996). The season of death can also have
important implications for legal matters such as inheri-
tance and insurance (Henssge et al., 2002).

In spite of its importance, the association between car-
rion insects and their season of appearance on corpses,
and therefore the possibility of predicting the season of
death using these organisms, has rarely been investigated
(but see, e.g., Archer & Elgar, 2003), and, to the best of
our knowledge, has never been statistically modelled.

For this reason, it is proposed here to use a statistical
approach, a logit-based regression method, to model the
season in which death occurred in terms of a function of
the area where the carcass was exposed (sunlit or shaded)
and the relative abundance of arthropod families found in
the carrion. This type of model, which is unusual in the
field of forensic entomology, is called a logit model, or
specifically in our case, a baseline-category logit model
(Agresti, 2002). This type of statistical approach was
chosen to build a model able to describe the probability of
occurrence of a nominal event (season) as a function of a
set of independent covariates. A cross-validation proce-
dure was used to validate the model and assess its accu-
racy in predicting the season in which death occurred.

MATERIAL AND METHODS

Study site

The site was located in an urban forest (22°49°15"S,
47°04'08"W) on the campus of the State University of Camp-
inas (UNICAMP) in the municipality of Campinas, Sdo Paulo
State, Brazil (approx. 685 m above sea level). The climate of the
region is seasonal, with a dry and cool season (winter) occurring
from early June to late August, a warm and wet season
(summer) from mid-November to late March, and two transi-
tional periods characterized by oscillations in temperature and
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Fig. 1. Device used to carcass exposure in the field.

rainfall: early April to late May (autumn) and early September
to early November (spring). The mean temperature of the
coldest month is 18.5°C and that of the hottest month is 24.9°C.
The mean annual rainfall is 119 mm (CEPAGRI-UNICAMP;
Souza & Linhares, 1997).

Model

16 carcasses of mice (Mus musculus Linnaeus) and 16 of
albino rats (Rattus norvegicus Berkenhout), ranging from 20 to
252 g, were used. Rodent carcasses are widely used in studies
on insect colonization of carrion (Monteiro-Filho & Penereiro,
1987; Blackith & Blackith, 1990; Kentner & Streit, 1990; Isiche
et al, 1992; Moura et al,, 1997; Tomberlin & Adler, 1998,
Davies, 1999).

On-site and laboratory procedures

The field study was carried out from August 2003 through
June 2004. Two mice and two rat carcasses were placed simulta-
neously at the study site twice in each season (with an interval
of 30 days between placing out the first and second batch of car-
casses), with a total of 32 rodents and 8 experiments during the
4 seasons.

The carcasses were placed in individual white plastic boxes
(15 x 10 x 10 em), and arranged 20 m apart in either sunlit or
shaded areas in the forest (one mouse and one rat in both the
sunlit and shaded areas). No interaction between the carcasses
placed in the different areas (e.g. transfer of odours of decompo-
sition) was detected. A thin metal grid (diam = 0.102 mm) at the
bottom of the box allowed water to flow through while pre-
venting adults and maggots from leaving.
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(diam = 0.102 mm)

There was a 4-cm-thick layer of vermiculite between the
metal grid and the carcass, which absorbed rainwater and pro-
vided a substrate for pupation. A cube-shaped steel cage (30 x
30 % 30 cm) covered with one-inch hexagonal wire mesh was
placed over the plastic box and fixed to the ground with four
iron hooks. This cage prevented access by vertebrate scavengers
while allowing arthropods to enter. Fig. 1 shows the device used
in the present study. Each day, for 30 min between 10:00 and
14:00 h, each carcass was observed. A hand net was used to col-
lect flying insects and tweezers the crawling arthropods (ants,
beetles and harvestmen) directly from the carcasses. All collec-
tions were performed by the same person throughout the field
study.

In the laboratory, all adult insects collected were placed in
plastic vials, labelled with place and date of collection and
stored at —20°C for later identification. Weather conditions in
the field were measured daily during insect collection, with a
Celsius thermometer and a humidity sensor. Further meteoro-
logical data (e.g. Max/Min daily temperatures) were obtained
from a meteorological station, adjacent to the study site, located
at 640 m above sea level. Each field experiment ended when the
carcasses were no longer visited by adult insects.

Immature specimens (larvae and pupae) were collected from
the vermiculite layer at the end of the experiment. They were
reared under controlled laboratory conditions (25 + 1°C, 60 +
10% relative humidity), in vials containing only a layer of ver-
miculite and covered with transparent fabric. All insects that
emerged were stored at —20 °C for later identification.



TasLE 1. Total number of individuals of the various families
of arthropods collected from the 32 rodent carcasses.

TasLE 2. Number of individuals (by season) of the families
used in the reduced model.

Specimens' Abundance (n)
Order Diptera
Calliphoridae® 5,284
Sarcophagidae’ 380
Fanniidae’ 258
Otitidae 122
Syrphidae 75
Drosophilidae 25
Muscidae 22
Micropezidae 16
Dolichopodidae 14
Sepsidae 09
Phoridae 03
Richardiidae 02
Anthomyiidae 01
Asilidae 01
Lauxaniidae 01
Order Hymenoptera
Formicidae’ 179
Encyrtidae® 67
Apidae 29
Ichneumonidae 04
Order Opiliones
Gonyleptidae 17
Order Coleoptera
Staphylinidae 04

'Includes adults and larvae.

*Families included in the reduced model.

*Represented by Tachinaephagus zealandicus Ashmead, a pa-
rasitoid of the larvae of the blowfly Chrysomyva megacephala
Fabricius (Moretti & Ribeiro, 2006).

Statistical modeling of the data

The season when the carcasses were exposed to arthropod
visitation was represented by a nominal response variable Y
with J = 4 categories (autumn, winter, spring and summer). The
probability of a carcass being exposed in season j, for example
is described by letting j = 1 represent a carcass exposed in
autumn, given a fixed setting x of explanatory variables as 7z(x)
= P(Y = 1|x). Since Z;7;(x) = 1, Y follows a multinomial distri-
bution with probabilities {z(x),...,m(x)} and, therefore, the
vector of probabilities z’s can be modelled as a function of its
covariates x using the baseline-category logit model described
by Agresti (2002). The value of this model is that it describes
the data and can easily be used to predict the season j of place-
ment of the carcass. The baseline-category logit model uses
separate binary logit models for describing the log odds of any
event j with respect to a baseline event J (arbitrarily chosen),
such that

m;(x)

log[m] =fx j=1,2,..J-1

where the vector G represents the unknown effects to be esti-
mated and x represents the # * p matrix, with the first column
containing the indicator variable for the sunlit area and the
remaining columns containing the counts of visiting specimens
for each arthropod family p observed at each carcass sample n.
These covariate effects vary according to the category j paired
with the baseline; however, the effects for any other pair (a, b)
of response categories can be obtained using

log( 245 ) = log( 2421 ) ~log(2 ).

Famil Season

amily (n) Autumn  Summer  Spring Winter
Sarcophagidae 75 37 32 239
Calliphoridae 648 1,637 2,640 359
Fanniidae 6 105 137 10
Formicidae 91 0 88 0

Once the Maximum Likelihood Estimates (MLE) of the
vector /3 is obtained, the probability z;(x) of each nominal res-
ponse of the variable Y can be obtained using the equation

cxp(ﬂ;,\')
I+E:;f:_|| exp(ﬁ;x)

setting the remaining £ = 0. By fixing x, it is possible to
obtain the marginal effects of any x, on 7;(x).

Initially the full model was fitted including the area where the
carcass was placed (sunlit or shaded area) and the counts of all
arthropod families found on it (including larvae and adults).
There appeared to be no plausible biological reason to include
interactions in this model. The backward selection procedure
was used to find the best model (Draper & Smith, 1981). This
procedure starts with the full model (all main factors), and the
least-significant variables are excluded one at a time. The model
is refitted at each stage if the significance is below the threshold
of @= 1 based on the x* statistic (Agresti, 2002). A measure of
goodness-of-fit of the model is the ratio (r) of the deviance sta-
tistic (D) to its degrees of freedom. The closer r is to 1, the
better is the fit of the model (McCullagh & Nelder, 1989).

In the absence of truly independent data (the situation consid-
ered here) the predictive accuracy of the proposed model can be
estimated as follows. The samples are split into mutually exclu-
sive training (3/4 of the samples) and test sets (remaining 1/4 of
the samples). For the training set, the counts of arthropods in the
carcasses along with the area (sunlit/shaded) and season of
sample are used to build the model. No data from the test set are
used in the model construction. The model is then considered to
be representative of the model built using all samples (of which
the training set is a subset). The test set is used to evaluate the
performance of the model built from the training set: for each
sample in the test set, season is predicted from the area
(sunlit/shaded) and counts of arthropods data. The predicted
season (season with highest predicted probability of occurrence)
is then compared to the observed data and summarized in terms
of accuracy, i.e., given the vector B of estimated parameters
using the training data, the nominal response of a sample was
predicted  from the validation data set using
J=argmax {P(Y=; | f.x)}. To avoid dependency on the
choice of the training and test set, this procedure is randomly
repeated for 10 splits. Since the vector J of responses is known
for the test set, it was compared with the estimated season of
death vector (:r') and the average of the accuracy (% of correct
predictions) resulting from each split used as the estimate of the
feasibility of the model built using the data from all samples.
The statistical analyses were performed using the package nnet
(Venables & Ripley, 2002) implemented in the R software (R
Development Core Team, 2010).

mj(x) = (n

RESULTS

The full baseline-category logit regression model for
the season of placement of the carcass has 8 covariates:
the placement area (with 2 levels: sunlit and shaded) and
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Fig. 2. Estimated probabilities for Calliphoridae depicted as a function of season and exposure of carcass to sun light (95% CI).

the counts of visiting and/or breeding arthropod families
(with 7 levels: Calliphoridae, Encyrtidae, Fanniidae, For-
micidae, Otitidae, Sarcophagidae and Syrphidae). The
families Anthomyiidae, Asilidae, Apidae, Dolicho-
podidae, Drosophilidae, Gonyleptidae, Ichneumonidae,
Lauxaniidae, Micropezidae, Muscidae, Phoridae, Richar-
diidae and Sepsidae were not included in the full model
because few specimens were collected from the carcasses
throughout the whole study (#» < 50). The abundance of
all families of arthropods collected from the 32 rodent
carcasses is given in Table 1.

The backward selection procedure applied to the full
model yielded a reduced model with placement area and
counts of visiting and/or breeding arthropod families
(with 4 levels: Calliphoridae, Fanniidae, Formicidae and
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Sarcophagidae) as significant factors. Larvae and adults
of these three dipteran families were collected, but only
adults of ants. In Table 2, the abundance of the families
used in the reduced model is presented by season. Further
details on the species composition of the carrion fauna for
the study area can be found in Moretti et al. (2008).

The goodness-of-fit of the reduced model to the data
assessed by the deviance statistic (D = 1274.93; d.f. =
1220) showed that the model fits the data very well,
because the value of » (= 1.04) was close to 1. The
parameter estimates for the reduced model are in Table 3.
The performance of this model, measured in terms of
overall accuracy, is 64 + 14%, which is satisfactorily
higher than that obtained by randomly guessing the sea-
sons (25%).
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Fig. 3. Estimated probabilities for Fanniidae depicted as a function of season and exposure of carcass to sun light (95% CI).
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Fig. 4. Estimated probabilities for Formicidae depicted as a function of season and exposure of carcass to sun light (95% CI).

In Figs 2-5 are the estimated probabilities that a carcass
was visited in a particular season based on the counts of
visiting and/or the arthropods that bred in the carcasses.
Positive coefficients for a particular season (Table 3)
indicate that the more individuals of that family were
found on the carcass, the greater is the probability that the
carcass was placed in the field during that season. Nega-
tive coefficients indicate the opposite relationship. For
example, according to the model, if a large number of
specimens of Sarcophagidae are found in a carcass it
strongly indicates that it was placed at the site during
winter rather than spring. On the other hand, the more
individuals of Calliphoridae and Fanniidae collected, the
greater the probability that the carcass was placed at the
site during summer. The more Formicidae present on a
carcass, the more likely it was present in autumn. How-
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ever, since the coefficients estimated for each visiting
arthropod family (Table 3) are used simultaneously as a
weighting system to identify the season in which a car-
cass was placed at a site, what governs the final predicted
probability of the season in which a carcass was placed in
the field is, in fact, the overall relative abundance of these
4 arthropod families. To illustrate this, equation (1) and
the values in Table 3 are used to calculate the probability
that a carcass was placed in the field during a certain
season as a function of the relative abundance of the
insect families found on it and of the area in which it was
placed (sunlit/shaded). For the following examples it is
assumed that the carcasses were placed in a sunlit area.
For the first example it is assumed that 10 individuals of
each family were collected from the carcass, i.e., relative
abundances of 1:1:1:1 for Sarcophagidae, Calliphoridae,
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Fig. 5. Estimated probabilities for Sarcophagidae depicted as a function of season and exposure of carcass to sun light (95% CI).
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TaBLE 3. Parameter estimates used in the reduced model. Standard errors are shown in parentheses.

. . Family
Logit Intercept Sunlit area Sarcophagidae  Calliphoridae Fanniidae Formicidae
log{ ) Tul)) 0.32(0.11) 0.82(0.09) ~1.92(0.20) 0.74(0.10) 2.69(0.34) ~1.18(0.16)
108 (XY TnlX)) ~3.55(0.12) 2.42(0.10) 0.82(0.19) 3.02(0.12) 5.75(0.32) ~13.15(0.01)
10g( A T(x)) ~3.12(0.14) -0.27(0.13) 4.40(0.17) 2.60(0.14) 3.65(0.39) ~13.80(0.01)

sp — spring; su — summer; wi — winter; au — autumn.

Fanniidae and Formicidae. In this example, the estimated
probability that the carcass was exposed in spring is
98.8%. In a second scenario, with counts of 10:5:5:5 for
those families, i.e., relative abundances of 2:1:1:1, there is
an estimated 94.6% chance that the carcass was placed
out in winter, On the other hand, counts (and relative
abundances) of 1:1:5:1 for those four families result in a
94.6% certainty that that the sample came from a carcass
placed out in summer. To conclude, a count of 5:5:5:10,
1.e., relative abundances of 1:1:1:2 indicates, with a prob-
ability of 95.7%, that it was an autumn carcass.

DISCUSSION

The results of the study carried out by Souza & Lin-
hares (1997), in the same area as the present study, sup-
port the predictability of the model presented here. They
record that the flesh flies Peckia (Pattonella) intermutans
Walker, Peckia (Squamatodes) ingens Walker and Sar-
cophaga (Liopygia) ruficornis Fabricius breed in pig car-
rion only during the cooler and drier periods of the year
(mainly winter) and never in spring and summer. Also,
they recorded more adult and immature blow flies (e.g.,
Chrysomya albiceps Wiedemann, Chrysomya putoria
Wiedemann and Lucilia eximia Wiedemann) in summer.
This clear seasonal pattern for sarcophagids (peak abun-
dance in winter) is also recorded for human cadavers, in
the state of Rio de Janeiro, Brazil (Oliveira-Costa et al.,
2001). The Fanniids Fannia pusio Wiedemann (Mar-
chiori & Prado, 1999) and Fannia canicularis Linnacus
(Byrd & Castner, 2010), which are tolerant of high tem-
peratures, are more abundant during the warmer summer
months, which also supports the findings of the model
presented.

Unlike the other arthropods, ants have a quite diverse
biology and are not true carrion insects, although there
are records of several species of Formicidae consuming
vertebrate carcasses (e.g. Moretti et al, 2008). In
addition, as they are social and many are capable of
recruiting nest mates to resources, it is difficult to decide
if one should be counting dozens of individual ants or
only a few nests. Moreover, the distance between a car-
cass and ant nests may affect the presence of Formicidae
and may result in the patchy visits of carrion by ants (M.
H. Villet, pers. commun.). Therefore, the present model
must be interpreted with caution when predicting season
of death based on the occurrence of ants. As seen in Figs
2-5, the predictions were only slightly affected by
whether the carcass is in the shade or exposed to sun.
Similarly, Souza & Linhares (1997) found in the same
urban forest that insolation does not influence the fre-
quency with which blow flies visit and breed in carcasses.
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Byrd & Castner (2010) conclude that flesh flies are
attracted to carrion both in shaded and sunlit areas, with
no marked preference. Flesh flies are first recorded on
both shaded and exposed carcasses of pigs on the same
day in coastal Washington State, which possibly indicates
that the insolation regime is not a key factor in the coloni-
zation of carcasses by members of this family (Shean et
al., 1993). It is unknown whether this factor influences
Fanniidae and Formicidae.

Moretti et al. (2008) provide a complete species compo-
sition of the local carrion fauna and the possible pattern
of insect succession in the study area. This knowledge is
vital if entomological tools are to be used in medico-legal
routines, or even in cases of wildlife poaching. In this
paper, the aim was to use relative abundance data for four
forensically important families, Calliphoridae, Sarcoph-
agidae, Fanniidae (Diptera) and Formicidae (Hymeno-
ptera), to model the season of death, which together with
the PMI estimation, are the most important forensic
aspects (Turchetto & Vanin, 2010). In the model, imma-
ture and adult insects of these families are included
because this approach leads to a more complete compre-
hension of the dynamics of the local carrion community
(Michaud & Moreau, 2009).

From a practical viewpoint, the model is particularly
easy to use because it requires that the specimens only be
identified to family rather than to species. This is usually
achievable, even when the specimens are damaged (e.g.
discolored, with broken wings, missing bristles, frag-
mented). Therefore, entomological remnants e.g. empty
puparia, dead larvae, post-feeding larvae, pupae, dead
adult flies and ants, must be collected from the corpse and
its vicinity, as the number of such remains is likely to
indicate the number of living insects previously present
on a carcass. Soil samples should be also collected from
beneath the corpse and scanned for insect remains. Empty
puparia, especially common when a corpse is found a
long time after death, are likely to remain in the area for
decades (Vanin et al., 2009). Afterwards, all this material
must be identified to family level. Crime-scene analysts,
death investigators and coroners, who are not necessarily
familiar with carrion insects, should be trained to collect,
preserve, and identify these remnants to family level.
Molecular biology techniques may eventually be used to
identify these insect remains (Archer & Elgar, 2003).
Forensic entomologists may be able to help resolve the
most complicated cases. Of particular importance of the
results presented for forensic science is that the model
utilizes specimens that were collected in an outdoor envi-
ronment in a tropical ecosystem. Therefore, caution is
needed when applying this model to indoor areas and



temperate ecosystems, because of the obvious differences
in the weather, species composition of the carrion fauna,
succession and seasonal patterns in these two ecosystems.

The overall accuracy of this model is greater than that
of a random guess of the season. The model is a first
attempt to statistically predict the season of death in
tropical systems based on the family composition of the
carrion insects and it is now necessary to develop more
robust models. Schoenly (1992), who successfully used
statistical protocols to estimate PMI from the succession
of insects in carrion, points out that statistical approaches
or protocols are unusual in forensic entomology, but merit
a more extensive use. Logistic regression is utilized to
demonstrate that the successional occurrence of some car-
rion insects can be predicted using accumulation of
degree-days and seasonal effects, which may be used to
increase the reliability of PMI estimations for a given
geographical areas (Michaud & Moreau, 2009).

Archer & Elgar (2003) propose a method in which sea-
sonal dating is based on entomological remains left by
seasonally active taxa, such as pupal cases of flies and
components of the exoskeleton. However, their method
depends on identifying insect remains to species level,
which may be difficult, even for experienced taxonomists.
In addition, the authors collected the insect remains just
after the soft tissue was fully decomposed, which
increases the chances of identifying them to species level,
even of those that are not identifiable after decomposition
is complete. If a carcass is sampled long after decomposi-
tion is complete, which is common in forensic analyses, it
is often very difficult to identifying the insect remains to
species level, which greatly reduces the efficiency of this
method.

The potential application of the results of this study to
forensic entomology must be evaluated with caution,
since the experimental model (small rodent carcass) dif-
fers from the most-commonly used carcass, the domestic
pig Sus scrofa L. (Catts & Goff, 1992).

Nevertheless, following a study in an urban environ-
ment at Curitiba in southern Brazil, Moura et al. (1997)
conclude that the carrion entomofauna collected from
rodent carcasses does not differ from that collected from
pig carcasses (Souza & Linhares, 1997) and human
corpses (Salviano et al., 1996). Also, the general seasonal
pattern of utilization of rodent and human carcasses by
insects is similar (Moura et al., 1997). Moreover, because
the model presented uses the relative abundance of car-
rion insects (i.e. the changing proportions of the four
families) (i) the size of the carcass does not influence the
prediction power of the model and (ii) exhaustive collec-
tions of insect remains are not required. Therefore, not
only is this model easier to use in terms of the logistics
and fieldwork required compared to the models devel-
oped for pig carcasses and human corpses, but also its
predictions are robust.
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