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RESUMO

COSTA, Ronaldo Guimardes. M.S. Universidade Federal de Vigosa,
margo de 2003.Variabilidade genética em populagdes de Melipona
rufiventris (Hymenoptera: Apidae, Meliponinae) no Estado de
Minas Gerais - Brasil. Orientadora: Mara Garcia Tavares.
Conselheiros: Lucio Antdénio de Oliveira Campos e Ana Maria
Waldschimidt.

Com objetivo de caracterizar e quantificar a variabilidade genética e
de encontrar marcadores genéticos que possibilitassem estudos
populacionais, operarias adultas de Melipona rufiventris foram coletadas
nas saidas das colméias e submetidas a eletroforese em gel de amido.
Foram obtidas amostras de M. rufiventris de 39 coldnias em 13
localidades do Estado de Minas Gerais, sendo 8 delas localizadas em
regides com vegetacéo tipica de cerrado e 5 em regies com vegetagéo
tipica de mata. Nove sistemas enziméaticos foram analisados: Malato
Desidrogenase (MDH), Peptidase-A (PEP-A), Isocitrato Desidrogenase
(ICD), a-Glicerofosfato Desidrogenase (a-GPDH), Glicose-Fosfato
Isomerase (GPI), Fosfoglicomutase (PGM), Hexoquinase (HK), Esterase
(EST) e B-Hidroxido Butirato Desidrogenase (B-HBDH). Estes nove
sistemas enzimaticos permitiram estudar 17 locos, dentre os quais,
apenas 2 foram polimérficos (Est-4 e Mdh-1). Est-4 apresentou
polimorfismo apenas em coldnias coletadas em regido de mata, enquanto
0 polimorfismo para Mdh-1 foi verificado apenas em colénias oriundas do
cerrado. Nas colénias de Brasilandia (cerrado), a Est-4 apresentou um
padréo enzimatico intermediario, entre o padrdo apresentado por colénias
de mata e de cerrado, o que sugere que as coldnias desta regido sejam
hibridas. Observou-se ainda, que os sistemas PEP-A e pB-HBDH
apresentaram diferentes padroes de expressao entre populagdes de mata
e cerrado, o que contribuiu para a diferenciagdo de ambas. A
heterozigosidade esperada foi de 0,0068 em populagdes de cerrado e de
0,0078 em populagdes de mata e a proporgao de locos polimérficos foi
de 5,88% em cada populagédo. Esse valor de heterozigosidade foi bem
menor do que o verificado em outros Hymenoptera. Os altos valores de
Fs (indice de fixagao) encontrados (Fsr = 0,2306 entre sub-populagdes de
mata e Fsr = 0,3870 entre sub-populagdes de cerrado)encontrados






ABSTRACT

COSTA, Ronaldo Guimardes. M.S. Universidade Federal de Vigosa,
March de 2003.Genetic variability in Melipona rufiventris
populations (Hymenoptera: Apidae, Meliponinae) in Minas Gerais
State — Brazil. Adviser: Mara Garcia Tavares. Committee members:
Lucio Anténio de Oliveira Campos and Ana Maria Waldschimidt.

In order to characterize and quantify the genetic variability and to
detect genetic markers that permit population studies, adult workers of
Melipona rufiventris were collected when leaving the hives and submitted
to starch gel electrophoresis. Samples of 39 colonies were collected from
13 localities of Minas Gerais being eight of them from cerrado areas and 5
from forest areas. There were evaluate 9 enzymatic systems: Malate
Dehydrogenase (MDH), Peptidase-A (PEP-A), Isocitrate Dehydrogénase
(ICD), a-Glicerophosphate Dehydrogenase (a-GPDH), Glucose-
phosphate Isomerase (GPI), Phosphoglucomutase (PGM), Hexoquinase
(HK), Esterase (EST) e B-hydroxybutyrate dehydrogenase (B-HBDH).
These 9 enzymatic systems yielded 17 loci, among which only two were
polymorphic (Est-4 and Mdh-1). Est-4 was polymorphic only in colonies
from forest regions, while the polymorphism for Mdh-1 was verified only in
colonies from cerrado. In colonies from Brasilandia (cerrado), Est-4
showed an enzymatic pattern intermediary among that presented by
colonies from forest regions and cerrado, what suggests that these
colonies are hybrids. Still, PEP-A e B-HBDH revealed different enzymatic
expression patterns between populations from forest and cerrado regions,
what contributed to their differentiation. The expected heterozygosity in
populations from cerrado was 0.0068 and in populations from forest
regions was 0.0078 and the number of polymorphic loci was of 5.88% in
each population. This heterozygosity value was lower than that found in
other Hymenoptera. The high values of Fsr achieved (fixation index = Fsr
= 0.2306 in forest regions and Fsr = 0.3870 in cerrado) indicate a high
genetic differentiation among sub-populations from both regions. The
genetic distance between colonies from forest and cerrado ranged from
0.4739 to 0.5003, what suggests the existence of, at least, two “forms” of
M. rufiventris rufiventris in Minas Gerais, or even two different species: one
present in forest and the other in cerrado regions.
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l. INTRODUGAO

l.1. Consideragdes Gerais Sobre as Abelhas do Género Melipona e a
espécie M. rufiventris

Acredita-se que as abelhas surgiram a partir de himendpteros da
subordem Sphecoidea (Hymenoptera, Aculeata), provavelmente antes do
meio do cretaceo, a cerca de 125 milhdes de anos atras. Suas fémeas, em
vez de capturarem outros artrépodes como alimento, como acontece nos
grupos dentro desta subordem, coletam pélen e néctar diretamente nas
flores para alimentarem suas larvas (Silveira et al., 2002).

Estes insetos constituem o grupo mais importante de polinizadores em
diversos ecossistemas (Grant, 1930; Michener, 2000) e redinem cerca de
20.000 espécies de visitantes florais com Caracteristicas etoecoldgicas
bastante heterogéneas, tanto no que se refere as estruturas e
comportamentos de aquisicéo e transporte de pélen e néctar, como também
no periodo de atividades e & escolha dos tipos florais (Ramalho et al., 1991 )
Segundo Campos (1998) as abelhas garantem a manutencéo do ciclo de
reproducdo sexuada de um grande numero de espécies de plantas e, desta
forma, garantem também a disponibilidade de alimento (frutos e sementes)
para outros animais que dependem dessas plantas como alimento.

Com relagéo a polinizagdo, merece destaque, no Brasil a subfamilia
Meliponinae pois, constitui um grupo de abelhas sem ferrdo responsavel
pela polinizagdo de 40 a 90% das angiospermas, conforme 0 ecossistema
(Kerr et al., 1996). Segundo Camargo e Menezes (1992), esta subfamilia
apresenta grande diversidade na regido tropical, onde ja foram descritas
mais de 300 espécies, compreendendo duas tribos: Meliponini, que inclui as
abelhas do género Melipona e Trigonini que inclui os demais géneros de
abelhas sem ferrdo.

O género Melipona llliger apresenta distribuigdo neotropical, abrangendo
desde a América do Sul até a América Central ¢ ilhas do Caribe (Kerr, 1969;



Camargo et al., 1988; Michener, 1990). Este género compreende mais de
quarenta espécies descritas (Michener, 1979: Camargo,1979).

A espécie M. rufiventris Lepeletier 1836, é encontrada no territério
brasileiro desde a regido Norte (Amazonas, Para Amapa e MaranhZo) até a
Centro-Sul (Goids, Minas Gerais, sul da Bahia, Espirito Santo, Rio de
Janeiro, Sdo Paulo, Parana e Santa Catarina). Moure e Kerr (1950), além de
apresentarem dados sobre os caracteres morfoldgicos da espécie,
propuseram uma divisdo em cinco subespécies: Melipona rufiventris
rufiventris, Melipona rufiventris flavolineata, Melipona rufiventris paraensis,
Melipona rufiventris brachychaeta e Melipona rufiventris dubia. Vasconcelos
(1998) analisou 21 colénias desta abelha originadas dos estados da Bahia,
Espirito Santo, Piaui, Minas Gerais e Santa Catarina, por meio da técnica de
RAPD e da amplificagdo da regido 16S rRNA do genoma mitocondrial. As
analises através dos marcadores RAPD e do mtDNA permitiram a separacdo
de trés grupos distintos. Um grupo representado pelas populagdes de Minas
Gerais, outro pelas populagées de Santa Catarina e o terceiro por Piaui,
Maranhéo, Espirito Santo e Bahia.

Melipona rufiventris rufiventris ocorre no norte da Bahia, sul de Goias e
Mato Grosso estendendo-se ao sul de Santa Catarina. Segundo Moure e
Kerr (1950) esta é a Unica das subespécies anteriormente citadas
encontrada no estado de Minas Gerais. Entretanto, variages morfolégicas
com relag@o aos padrées de coloragdo das cerdas corbiculares e da tibia
destes insetos jé& foram relatadas quando diferentes cidades ao longo da sua
area de distribuicdo foram analisadas (Moure e Kerr, 1950). Por isso, Moure
(1992) sugeriu que ha muito a ser feito para um melhor entendimento das
diferentes formas atribuidas a espécie. E possivel que o nome M. rufiventris
rufiventris, tendo em vista as variagées morfoldgicas encontradas por Moure
e Kerr (1950), néo se refira a apenas uma subespécie e mais ainda, esteja
sendo utilizado para um conjunto de espécies cripticas.

1.2, Importancia da Conservagio de Melipona rufiventris rufiventris

Melipona rufiventris, assim como outros meliponineos tem tido seu
ndmero grandemente reduzido pelos desmatamentos, queimadas, pelo



pequeno tamanho das areas de reserva, pela agdo dos madeireiros, que
coletam preferencialmente arvores com mais de cinquenta anos (que séo as
que tém mais ocos) e pela agdo dos meleiros, que derrubam arvores para
obter o mel, deixando o ninho aberto e exposto a agdo de predadores (Kerr
et al., 1999). Esta € uma das poucas espécies dessas abelhas, nativa do
estado de Minas Gerais. Originalmente com grande distribuicdo geografica
no estado, tanto nas areas de mata quanto no cerrado (Moure e Kerr, 1950)
e representada por grandes populagdes locais, a espécie esta se tornando
extremamente rara. Por isso foi incluida entre as espécies ameagadas de
extingdo da fauna nativa do estado de Minas Gerais.

Segundo Brown e Albrecht (2001), as espécies de Melipona s&o
altamente susceptiveis ao desmatamento. Estes autores medi'ram a
abundancia de espécies de abelha deste género em locais com diversos
graus de perturbagdo antrépica na Amazdnia e sugeriram que estas abelhas
possuem um grande potencial para serem utilizadas como bioindicadores.
Um dos fatores que as torna téo sensiveis € a presenga de uma abdomen
desenvolvido nas rainhas fisogastricas, a ponto de impedi-las de voar. Desta
forma, as coldnias séo incapazes de fugir de areas que sofreram algum tipo
de disturbio como desmatamentos ou queimadas.

Em Minas Gerais, o desmatamento, muito provavelmente, tem exercido
grande influéncia sobre as populagdes de abelhas. Algumas formagdes
vegetais do estado foram praticamente eliminadas, como & o caso da Mata
Atlantica, considerada um dos 25 hotspots para a conservagdo no mundo
(Myers et al., 2000). As areas remanescentes sdo, em geral, pequenas e por
isso tém condi¢cdes de suportar apenas um reduzido nimero de espeécies
com pequenas populagdes (Viana e Melo, 1987). As formagdes vegetais
encontradas no norte e noroeste de Minas Gerais (em grande parte
compostas por vegetag@o tipica de cerrado), tém sido, também, muito
alteradas, principalmente com a expansdo da pecudria (Ferreira, 1981,
citado por Viana e Melo, 1987).

O desmatamento tem isolado areas remanescentes que pertenciam
anteriormente a ecossistemas continuos, formando ilhas de vegetagédo. Este



isolamento pode representar varias limitacdes ao desenvolvimento das
populagdes, como, por exemplo, a redugdo na disponibilidade de alimento, a
reducdo na disponibilidade de locais para nidificagdo, diminuigdo no
tamanho das populagdes e na riqueza de espécies, fatores que estdo
diretamente ligados ao tamanho do fragmento remanescente. A intensidade
desses efeitos estd relacionada, principalmente, a trés fatores: 1) ao
tamanho dos fragmentos remanescentes; 2) a distancia entre eles; 3) as
condigdes em que se encontravam quando foram isolados (Viana e Melo,
1987). Quanto maior a distancia, menor sera a probabilidade de que haja
migragéo entre estes fragmentos. Para animais que tém capacidade de se
movimentar entre as dreas isoladas ou mesmo viver em ambientes
alterados, o isolamento pode ndo ocorrer. Contudo, para espécies que sdo
restritas a um determinado tipo de vegetagdo, as areas alteradas; podem
funcionar como barreiras para sua dispersao.

Segundo Didham et al. (1996), a fragmentagdo provoca grandes
mudangas na estrutura das comunidades de polinizadores e tem graves
consequéncias no que diz respeito ao fluxo génico e a dinamica das
populagcdes que ali coexistem. A polinizagdo tem sido diretamente afetada
pela fragmentacdo através da reducdo na abundancia e na riqueza de
espécies polinizadoras, e também indiretamente por alteragbes de
comportamento e padrdes de véo (Didham et al,. 1996). A fragmentagdo do
habitat cria grandes areas abertas, muitas vezes desprovidas de locais de
nidificacdo, que constituem barreiras que dificultam a migracdo entre os
pequenos remanescentes de mata.

Segundo Michener (2000) as abelhas sociais da tribo Meliponina tém
grandes problemas quanto a sua disperséo. Estes insetos dispersam através
de enxameamento, e ndo pela agéo de individuos, que na sua maioria fazem
parte da casta nao reprodutora, as operarias. Segundo este autor, uma
coldnia sé se estabelece apés o aprovisionamento do novo ninho, que é feito
através de campeiras que, por algum tempo, buscam provisées na coldnia
mae. Desta forma, a dispersdo de uma coldnia por distancias de algumas
centenas de metros pode ser impossivel.



Com a diminuicdo das populagdes destas abelhas ha um aumento no
numero de cruzamentos endogamicos. Nestes casos, devido ao mecanismo
genético de determinagdo do sexo em abelhas (partenogénese arrendtoca),
aumentam-se as possibilidades do surgimento de machos dipldides nas
colénias (Kerr et al., 1996). Em espécies de Melipona, esses machos podem
ser estéreis, cegos e, além disso, produzir um numero reduzido de
espermatozdides, sendo assim, muitas vezes, mortos pelas operarias ao
emergirem dos favos. Em col6nias onde machos dipldides sdo produzidos
em maior quantidade, as rainhas também s&o eliminadas pelas operarias.
Estes fatores podem levar & uma drastica reducdo na populagéo da coldnia
e sua consequente extingao.

Carvalho et al. (1995) analisaram um conjunto de 18 colénias de
Melipona scutellaris e 50 de suas descendentes e constataram uma
diminuicdo gradual do numero de alelos xo (genes envolvidos na
determinagéo do sexo) naquela populagéo. Esses autores constataram que
um ndmero de, pelo menos seis diferentes alelos do gene xo & muito
importante para a manutengédo dessas abelhas (Kerr et al., 1999). Kerr e
Vencovsky (1982) sugeriram um valor minimo necessério de 44 colénias
para a manuteng&o de seis alelos sexuais em populacdes de meliponineos.
Estima-se que uma populagdo menor seja extinta em 15 geracdes.

Pelo que foi exposto anteriormente as espécies de Melipona (com
poucas excecdes), devido a exploragédo predatéria a que estdo sujeitas, a
destruicdo dos habitats em que vivem e consequente isolamento de
pequenas populagdes em fragmentos onde ficam sujeitas a endogamia
recorrente, estao, presumivelmente, ameacgadas de extingao.

Muitos grupos de insetos sdo polinizadores, mas as abelhas sao
provavelmente os mais importantes, seja em abundancia ou na riqueza de
espécies de plantas polinizadas. O processo de polinizagdo tem sido
diretamente afetado pela fragmentacdo do habitat que leva a
depauperizagdo tanto na abundancia das populagdes de polinizadores
quanto na riqueza de espécies.



Assim, estudos sobre a variabilidade genética populacional em M.
rufiventris  rufiventris, em seus diferentes aspectos: morfolégicos,
citogenéticos e moleculares, podem fornecer dados relevantes para o
conhecimento da sua estrutura populacional, grau de parentesco e fluxo
génico entre populagdes de remanescentes, bem como para o
desenvolvimento de estratégias que visem a sua preservag¢ao. Trabalhos no
sentido de elucidar aspectos da biologia da desta abelha podem ser de
grande importancia quando se pensa, ndo sé na sua preservacdo, mas das
espécies que com ela coexistem e que, com a conservacao do habitat desta
abelhas, também serdo beneficiadas.

l.3. Marcadores Isoenzimaticos em Analises de Variabilidade
Genética

O uso de marcadores isoenzimaticos possibilitou um grande avango nas
analises de variabilidade genética. Isoenzimas consistem de multiplas
formas de uma mesma enzima, que ocorre em uma espécie, como resultado
da presenga de um ou mais genes codificando cada uma destas enzimas
(Moss, 1982). O principio basico da técnica utilizada para evidenciar as
isoenzimas consiste no uso de eletroforese em gel de amido para separar as
diferentes formas da enzima (Smithies, 1955) e na visualizagéo do produto
enzimético utilizando métodos de coloragdo desenvolvidos para uso em
técnicas histoquimicas (Hunter e Market, 1957).

Comumente, os padrées isoenziméticos podem ser explicados por trés
mecanismos: a multiplicidade de locos, o alelismo multiplo e as alteragdes
pds-traducionais ( Hopkinson, 1974: Harris e Hopkinson, 1978; Harris, 1980).

Algumas enzimas sdo determinadas por dois ou mais locos estruturais,
cada um dos quais codifica a sequéncia primaria de um determinado
Polipeptideo. Estes polipeptideos podem formar, separadamente, os vérios
componentes de um conjunto de isoenzimas ou podem se combinar, em

proporgdes idénticas ou diferentes, para formar uma série mais complexa de
isoenzimas.

A segunda causa da formagdo de isoenzimas decorre da possibilidade
da ocorréncia de diferentes alelos em um loco génico. Uma vez que cada



alelo codificara uma verséo estruturaimente distinta da cadeia polipeptidica,
a estrutura primaria da enzima envolvida diferira de um individuo para outro,
segundo os alelos que eles apresentam no loco em questdo. Os
heterozigotos, uma vez que apresentam alelos diferentes, deverdo exibir,
geralmente, um padréo isoenzimético mais complexo que os homozigotos. O
padr@o dos heterozigotos serd uma mistura daqueles alelos que ocorrem
nos dois homozigotos correspondentes, se a enzima for monomérica.
Porém, quando a enzima apresentar estrutura quaternaria, formas hibridas
adicionais, ausentes nos homozigotos, poderdo ocorrer.

Os mecanismos descritos acima estabelecem o fundamento genético
que define as principais caracteristicas das varias formas moleculares de
enzimas ou proteinas funcionalmente semelhantes que ocorrem em cada
individuo de uma espécie. Mas, a complexidade de muitos sistemas
isoenzimaticos estudados ndo pode ser totalmente explicada com. base
somente nestes dois mecanismos.

As modificagbes secundérias da estrutura das proteinas subsequentes a
sintese destes polipeptideos, podem ser também uma causa importante da
multiplicidade de formas freqientemente observadas.

Estas formas moleculares muiltiplas podem se originar no interior das
células e/ou in vitro, durante a estocagem ou manuseio das amostras. O
aparecimento de isoenzimas secundarias parece ser muito comum. Na
maior parte dos casos, seu aparecimento, a partir das formas primérias
parece envolver alguma alteragéo estrutural da molécula. Entretanto, a
natureza precisa de tais modificagdes estruturais ndo é bem conhecida, na
maioria dos casos. Estas formas secundarias podem ser explicadas por
ligagdo com outras moléculas, adigdo de cadeias laterais glicidicas a
proteina, diferentes graus de acetilagéo, metilacdo ou fosforilagdo, oxidacao
de grupos sulfidrilas, remogéo de grupos amida de um ou mais residuos de
glutamina ou asparagina, protedlise, polimerizagdo e modificagdes
conformacionais. Dois ou mais dos mecanismos propostos podem estar

operando para produzir as formas multiplas observadas para uma dada
enzima,



A eletroforese de isoenzimas é uma técnica amplamente utilizada
examinar o papel das enzimas no metabolismo celular, para estimar o grau
de polimorfismo presente nas populagdes e as diferencas genéticas inter e
intra-especificas (Scandalios, 1975).

Vérios sdo os estudos que demonstram a variagdo genética dentro de
diferentes grupos de himendpteros (Mestriner e Contel, 1972; Metcalf et al.,
1975; Contel et al., 1977; Pamilo et al., 1978; Lester e Selander, 1979; Lima
e Mestriner, 1985; Ross et al., 1987; Falcdo e Contel, 1991a,b; Castanheira
e Contel, 1995; Del Lama et al., 2001).

Com referéncia aos meliponineos, que serdo objeto de estudo neste
trabalho, o primeiro trabalho publicado sobre variabilidade enzimética foi o
de Contel e Mestriner (1974). Neste trabalho, os autores descreveram o
polimorfismo no loco Est-3 em Melipona subnitida e M. quadrifasciata. A
partir de entdo, uma grande quantidade de informagdes sobre polimorfismos
em populacdes de diferentes espécies desse grupo tem sido descrita.

Alguns trabalhos também analisaram a variabilidade genética de
populagdes naturais de formigas, podendo-se citar Ross et al. (1987), Seppa
e Gertsch (1992) e Diehl et al. (2001).

Dados de diversidade genética também existem para Symphyta (Pamilo
et al, 1978, Sheppard e Heydon, 1986), espécies de parasitoides
(Parasitica) (Lester e Selander, 1979) e vespas (Metcalf et al., 1975: Pamilo
etal., 1978).

Pamilo et al. (1978) e Lester e Selander (1979) tentaram relacionar a
quantidade de variabilidade genética com o grau de sociabilidade dos
Hymenoptera, mas, ndo encontraram diferengas significativas quanto a
variabilidade genética entre espécies sociais e solitérias. Os estudos acima
citados mostraram que os himendpteros tém niveis de variagdo genética
significativamente menores do que a maioria dos insetos. A
heterozigosidade média encontrada na ordem Hymenoptera é 0,036 versus
0,120 em insetos diplodipléides (Graur, 1985). As hipéteses sugeridas para
explicar estes resultados baseiam-se no fato de os machos de Hymenoptera



serem hapldides e/ou em caracteristicas etoecolégicas da maioria das
espécies estudadas eletroforeticamente.

Além da utilidade das analises isoenziméticas para o estudo da
diversidade genética de populagdes, elas também j& foram utilizadas para
estimar o grau de parentesco intracolonial em abelhas (Contel e Kerr, 1976;
Machado et al., 1984), formigas (Pamilo, 1982; Kaufman et al, 1992) e
vespas (Strassmann et al., 1989; Gaspar, 1996).

Os padrées isoenzimaticos comumente se alteram durante o
desenvolvimento embriondrio e sdo altamente caracteristicos de cada tipo
celular em estagios especificos de sua diferenciagdo. Alteragées qualitativas
e quantitativas s&o as duas principais modificacdes verificadas no ciclo de
vida de muitos organismos. O aparecimento de novas formas enzimaticas ou
0 aumento de atividade das formas ja existentes pode resultar da sintese “de
novo” da molécula enzimética ou da atividade de precursores pré-existentes
da enzima. As isoenzimas s&0, entdo, uma expressiao da diferenciagdo das
células e uma andlise detalhada de seus padrées e propriedades que se
alteram durante o desenvolvimento pode levar 2 compreensao dos
mecanismos genéticos e metabdlicos basicos que suportam a diferenciagéo
celular (Scandalios, 1975).

Atualmente, inimeros exemplos permitem um melhor entendimento
sobre a variagdo do padrdo isoenzimatico durante o desenvolvimento dos
himendpteros (Contel e Mestriner, 1975, Contel et al.,, 1977, Machado e
Contel, 1989, 1991; Castanheira e Contel, 1995: Figueiredo et al., 1996).
Variagbes nos padrées enzimaticos também puderam ser observadas entre
castas e sexos (Tripathi e Dixon, 1968, 1969: Kubicz e Galuszka, 1971) e
entre diferentes tecidos do organismo (Ruvolo-Takasusuki et al., 1997; Del
Lama et al., 2001).

As diferencas observadas na abundancia relativa e na localizagé@o
intracelular e tecidual sugerem que cada isoenzima pode desempenhar um
papel fisiolégico diferente. As isoenzimas de uma mesma enzima podem
catalizar a mesma reacéo quimica, mas ndo necessariamente com a mesma
eficiéncia ou sob as mesmas condigdes; elas atuam sob diferentes



condi¢des metabadlicas, ou em diferentes sitios de uma mesma célula, ou em
diferentes células, ou na mesma célula em estagios sucessivos da
diferenciag@o. Aparentemente, as isoenzimas surgiram por pressdes
evolutivas para preencher os intrincados requerimentos da maquinaria
metabdlica da célula (Markert, 1975).

Varios trabalhos também demonstram a aplicagdo de andlises
isoenziméticas em estudos de sistemética e filogenia na ordem
Hymenoptera. Como exemplos, pode-se citar o trabalho de Ward (1980) e os
de Pekkarinem ef al. (1979) e Pamilo et al. (1981) que utilizaram a variagao
enzimatica em estudos de filogenia em Rhytidoponera e de Vespidae,
Bombus e Psithyrus, respectivamente.

Analises enzimaticas também foram utilizadas em estudos de
especiacdo de vespas do complexo Polistes fuscatus (Metcalf et al., 1984) e
de diferentes espécies de Microstigmus (Sphecidae) (Melo, 1993). Com base
nos padrées encontrados Melo (1993) conseguiu separar aproximadamente
11 espécies cripticas e o fenograma, obtido a partir dos dados
isoenzimaticos, apresentaram um arranjo semelhante ao do cladograma
construido com base em caracteres morfolégicos e comportamentais, o que
confirma a utilidade desta técnica em estudos taxonémicos deste género.

Pelos dados relatados, pode-se concluir que é grande a importancia dos
marcadores enzimaticos no estudo de diversos aspectos da biologia de
insetos, em geral, e daqueles da ordem Hymenoptera, em particular. Esta
importancia deve-se n&o sé ao valor das informagées que esses marcadores
podem nos fornecer, mas & grande quantidade de trabalhos ja feitos, &
rapidez com que s&o obtidos os resultados e ao custo da técnica frente as
outras técnicas moleculares. Portanto, neste trabalho, estes marcadores
foram utilizados para se analisar a variabilidade genética em diferentes
Populagdes de Melipona rufiventris no estado de Minas Gerais.
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lll. OBJETIVOS

Diante das evidéncias de que as abelhas da espécie M. rufiventris estao se
tornando raras no estado de Minas Gerais e da possibilidade de que o nome M.
rufiventris esteja sendo utilizado para um conjunto de espécies cripticas, este
trabalho teve como objetivo geral analisar a variabilidade genética com base em

marcadores isoenzimaticos e avaliar o status taxondmico desta espécie.

Assim, este trabalho teve como objetivos especificos:

1. Caracterizar, enzimaticamente, as populagdes de M. rufiventris
amostradas em diferentes biomas (cerrado e mata) de Minas Gerais, com o

intuito de verificar se estas poderiam ser diferenciadas geneticamente;

2. Avaliar, com base nos padrdes enzimaticos, o status taxonémico de
diferentes populacdes de M. rufiventris localizadas em Minas Gerais.
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ABSTRACT

The stingless bee Melipona rufiventris is an important pollinator agent
in several Brazilian ecosystems. Originally with a great distribution in Minas
Gerais (MG) state, both in Cerrado and in Forest regions, this species is
becoming very rare. Therefore this species was included in the endangered
species’ list of Minas Gerais. We used isoenzyme data to a better
understanding of the genetic structure of several M. rufiventris colonies.
Samples of 35 colonies were collected from 12 localities and evaluated by 9
enzymatic systems, which yielded 17 loci. The observed heterozygosity
ranged from 0.0061 in Cerrado to 0.0083 in Forest regions and,. the
proportion of polymorphic loci was of 5.88% in both ecosystems. Only Est-4
was polymarphic in colonies from Forest regions and Mdh-1 in colonies from
Cerrado. The locus Hbdh-1, according to the experimental conditions, was
unrevealed in all colonies from Cerrado. A great genetic differentiation
among colonies into ecosystems (Fsr = 0.2306 for Est-4 in Forest regions
and Fsr = 0.3870 for Mdh-1 in Cerrado) was achieved. M. rufiventris was
characterised by a predominance of monomorphic loci, with high fixation of
alleles. Genetic variation of M. rufiventris was found to be low, typical of an
endangered species.

Key words: Hymenoptera, Melipona, genetic variability, isozymes.
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INTRODUCTION

The stingless bee Melipona rufiventris is an important pollinator agent
in several Brazilian ecosystems. Originally with a great distribution in Minas
Gerais (MG), both in Cerrado and in Forest regions, this species is becoming
very rare in this State due to habitat destruction and fragmentation, the
predatory honey collection, and the small size of remnant populations.

Moure and Kerr (1950) suggested that M. rufiventris could be a
polytypic species, constituted by five -subspecies: M. r. rufiventris, M. r.
flavolineata, M. r. paraensis, M. r. brachychaeta and M. r. dubia. Of these,
only M. r. rufiventris is found in Minas Gerais. However, morphological
variations have been related for this subspecies when different localities
along its distribution area were analysed (Moure and Kerr, 1950, Moure,
1975). Thus, Moure (1992) suggest that there is much to be done to a better
knowledge of different “forms” attributed to this species. It is possible that the
name M. rufiventris is being used to a set of cryptic species.

Therefore, studies concerning the genetic variability of M. rufiventris
could provide relevant data for its population structure knowledge, kinship
relation among individuals, for gene flow between remnant populations and,
moreover, to elaborate strategies for it's preservation. This kind of strategy
becomes of great importance when we think not only in M. rufiventris
conservation, but also in several species that coexist with it, and that, with
the preservation of it's habitat will be also beneficed. It's important to bear in
mind that remains less than 9% of the original Atlantic Forest and a great
number of tropical tree species are pollinated by Melipona bees.

Genetic studies on M. rufiventris, however, are scarce. Machado and
Contel (1991) analysing the pattern of expression of glycerol-3-phosphate
dehydrogenase in M. rufiventris, found variations that could be a
phenomenon closely related not only to adult age and activity in the hive, but
also to a gradual acquisition of the ability to fly. Recently, Vasconcelos
(1998) used molecular markers to estimate evolutionary relationships
involved in the speciation process of M. rufiventris originated from different
regions of Brazil. Analyses permitted the formation of three distinct groups.
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Groups 1 and 2 were represented by populations from Minas Gerais and
Santa Catarina, respectively, while group 3 were joined populations from
Espirito Santo, Bahia, Piaui and Maranh&o.

Since M. rufiventris was included in the endangered species’ list of
Minas Gerais State, in the present study, we present isoenzyme data to a
better understanding of the genetic structure of this species, with special
reference to populations from Minas Gerais-Brazil.

MATERIAL AND METHODS

Population sampling

Melipona rufiventris adult workers were obtained from 35 colonies in
12 localities of Minas Gerais state: seven in areas of Forest regions and the

other five in areas of Cerrado (Table I). Eight workers were analysed for each
hive.

Isoenzyme electrophoresis

Standard horizontal starch gels (14%) electrophoresis procedures
were used (Harris and Hopkinson, 1978). The following enzyme systems
were assayed: hexokinase (E.C.2.7.1.1, HK), glucose phosphate isomerase
(E.C.5.3.1.9, GPIl), esterase (E.C.3.1.1.1, EST), aminopeptidase A
(E.C.3.4.11, PEP-A), hydroxybutyrate dehydrogenase (E.C.1.1.1.30, HBDH),
isocitrate dehydrogenase (E.C.1.1.1.42, ICD), malate dehydrogenase
(E.C.1.1.1.37, MDH), phosphoglucomutase (E.C.2.7.5.1, PGM) and a-
glycerophosphate dehydrogenase (E.C.1.1.1.8, GPD).

Isoenzyme loci were sequentially numbered from anode to cathode.
For all isoenzymes, the fastest allele of each enzyme system was called
number 1, the second electromorph number 2, and so on.
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Genetic diversity measures

The isoenzyme dataset was used to estimate the following genetic
diversity measures: a) allele frequencies for each locus, b) percentage of
polymorphism (P) to describe the proportion of polymorphic loci, using the
95% criterion for frequency of the most common allele, c) observed
heterozygosity (Ho) describing the proportion of observed heterozygotes at a
given locus, and d) expected heterozygoéity (He) under random mating using
the algorithm of Levene (1949). The chi-squares (x?) test for the Hardy-

Weinberg equilibrium at each locus was performed using the algorithm of
Levene (1949). The population genetic structure was assessed by estimating
F-statistics of Wright (Wright, 1978). All listed diversity measures were

performed by using the POPGENE version 1.32 computer program (Yeh et
al., 1999).

RESULTS

The survey of 9 enzymatic systems provided data on isoenzyme
variation for 17 loci of Melipona rufiventris indicate that M. rufiventris is
characterised by a predominance of monomorphic loci, with only Est-4
(Figure 1) being polymorphic in colonies from Forest regions and Mdh-1 in
colonies from Cerrado (Figure 2). Variable enzymes and allele frequencies
are listed in Table |l for colonies of both ecosystems.

The results showed that six loci (Est-1, 2, 3, 4, Pep-1 (Figure 3) and
Mdh-1) exhibited different migration rate among colonies from Forest regions
and Cerrado areas and that Hbdh-1 was consistently unrevealed in all
colonies of M. rufiventris from Cerrado areas (Figure 4) under the
experimental conditions. These seven loci could be used to distinguish
colonies from the two different geographic regions (Costa et al., unpublished
data) and, therefore, data for polymorphic loci will be presented separately
for each population.
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- Melipona rufiventris from Forest regions.

Est-4 was polymorphic in colonies of M. rufiventris collected in Coluna
and Rio Vermelho (P=0.058 at the 95 % level) (Figure 1). Two alleles, called
Est-4* and Est-4° were detected for this locus in these colonies. The variation
observed in the electrophoretic phenotypes of Est-4 in these colonies is
compatible with the segregation of two alleles at a single locus. The other
colonies collected in areas of Forest regions (ltamarandiba, Marliéria and
Resende Costa) showed only homozygous individuals (allele Est-4).

Allele frequencies with respect to this locus were 0.9297 and 0.0703
for Est-4° and Est-4°, respectively (Table Il). Est-4" was found exclusively in
colonies from Cerrado areas. The high frequency for Est-4° can be eﬁplained
by the great number of sampled colonies from areas where all individuals
were monomorphic for this allele. The genotype frequencies, however, were
in accordance with the Hardy-Weinberg equilibrium model for this locus. The
expected heterozygosity for M. rufiventris from Forest regions areas, based
on all 17 loci was 0.0078 (Table Il).

Table Ill present the F statistics for M. rufiventris. Sub-populations
from Forest regions areas exhibited an excess of heterozygotes (Fis = -
0.3981) for Est-4. When genotypes from all sub-populations of this area
were pooled, an excess of heterozygotes was still observed at this locus (Fir
= -0.0756). The fixation index, Fsr, was extremely high (Fsr = 0.2308),

indicating great genetic differentiation among sub-populations (Wright,
1978).

- Melipona rufiventris from Cerrado areas

The 27 colonies of M. rufiventris collected in Cerrado were also
analysed for 17 enzymatic loci, from which only Mdh-1 was polymorphic at
the 95 per cent level (P= 0.058) in two colonies collected in Arcos, one
colony from Formiga and two colonies from Corrego Dantas (Figure 2).
Colonies presented a monomorphic profile for all other enzymatic system
analysed.
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The electrophoretic profiles observed for Mdh-1, with males exhibiting
one band and heterozygotes workers three activity bands, suggest that this is
a dimeric isoenzyme and that it is controlled by one locus with two co-
dominant alleles (Mdh-1" and Mdh-13). The remaining colonies of Cerrado
showed a monomorphic profile for Mdh-1, consisting of the allele of slow
mobility (Mdh-12). MDH allele frequencies were 0.0579 and 0.9421 for alleles
1 and 2, respectively (Table Il) and, with respect to this locus, the genotype
frequencies were not in Hardy-Weinberg equilibrium. Mdh-1" was also find in
colonies from Forest regions and Brasilandia.

The expected heterozigosity for M. rufiventris, based on 17 scorable
loci, was 0.0068 (Table Il). In sub-populations of M. rufiventris from Cerrado
areas, cases of excess of heterozygotes were observed at Mdh-f, as is
reflected in the significant negative Fis value (Fis = -0.4545). However, when
analyzed at the populations’ level, Fr assumed a positive value (Fr =
0.1084), indicating a deficiency of heterozygotes in the population as a
whole. Populations of M. rufiventris from Cerrado areas also presented an

extremely high differentiation among sub-populations (Fsr = 0.3870) (Table
I1).

DISCUSSION

The results obtained in the present investigation indicate that genetic
variability is low in M. rufiventris. The proportion of polymorphic loci (5.88%)
is significantly lower than the values (around 50%) usually found for
invertebrates (Fergusson, 1980). The mean expected heterozygosity (0.73%)
for the colonies reported here is also extremelly lower than the value
estimated for 263 insect species (10.7%) (Lima, 1989) and for 172
Hymenopteran species (3.6%) (Packer and Owen, 1992) and demonstrates
the high fixation of alleles in populations of M. rufiventris.

Various authors have demonstrated reduced genetic variability in
Hymenoptera when compared with diploid organisms (Snyder, 1974, Metcalf
et al., 1975, Pamilo et al., 1978; Berkelhamer, 1983) and several hypotheses
have been proposed. These are based upon either the sex determining
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system of the Hymenoptera that eliminates exposed deleterious alleles in
haploid males (Graur, 1985) and promote a reduction of effective population
size (Crozier, 1976; Pamilo, 1978; Packer and Owen, 2001) or in the
behavioral/ecological consequences of social life, that include buffered life
conditions of colonies and a further reduction in effective population size of
most of the studied species.

Another factor that can be influencing this low value is that populations
of M. rufiventris have decreased considerably lately, till the point that M.
rufiventris is now being considered an endangered species in Minas Gerais
(Brazil) (Campos, 1998). As small populations are more susceptible to
inbreeding, this could reduce genetic variability in these populations. Packer
and Owen (2001) showed that endangered species of some species of
Lepidoptera have significant lower levels of heterozygosity when compared
with non-endangered species of the same order.

Two factors, however, can affect heterozygosity estimates (Singh and
Rhomberg, 1987). First, genes encoding enzymes and other proteins with
different functions have variable levels of heterozygosity and, second,
representation of such enzymes in the sampled loci in different organism is
equally variable, i. e., some loci can be monomorphic in a species, while in
others it can be extremely polymorphic. So, the amount of genetic variability
that could be assessed depends on the analysed systems. Nevertheless, the
9 analysed enzymatic systems in the present study are among the most
highly variable enzyme systems in Hymenoptera (Packer and Owen, 1992)
and still only two loci were polymorphic: Mdh-1 and Est-4.

In stingless bees, the level of heterozygosity for MDH is high. An
estimate of intralocus heterozygosity for MDH in populations of M. rufiventris
from Cerrado was 0.1091. Data obtained by other authors agree with ours.
Contel (1980) reported values of heterozygosity for MDH of 0.17 and 0.075
for Partamona sp. and Scaura latitarsis, respectivelly, and the estimate of
intralocus heterozygosity for MDH was 0.10 for 10 stingless bees’ species
(Falcéo and Contel, 1991).

The EST system, another highly polymorphic system among stingless
bees, also presented a high value of intralocus heterozygosity (0.1307) in
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populations of M. rufiventris from Forest areas. In colonies from Cerrado
areas, however, EST system was monomorphic.

The presence of different polymorphic loci in colonies from Forest
regions (Est-4) and Cerrado areas (Mdh-1), added to the presence of
different fixed alleles at six biochemical loci (Est-1, 2, 3, 4, Pep-1 and Mdh-1)
between these two populations and the detection of HBDH system only in
colonies from Forest region areas suggest a differentiation among the
colonies of these two areas (Costa et al., unpublished data).

The high Fsr values found for sub-populations from Forest and
Cerrado implies that the genetic divergence among sub-populations of M.
rufiventris is very great. For example, of the total genetic variation found in
the sub-populations from Cerrado areas, 0.3870 is due to differences in.allele
frequencies among sub-populations, which implies that 61.3% of the total
genetic variation is found within sub-populations.

Therefore as Fsr is influenced by the effective sub-populations size,
and by other factors, including natural selection, these results should be
viewed with caution due to the limited size of the sample (number of
colonies) analysed in the present study and the fact that stingless bees’
queen has a highly developed abdomen that prohibits flight thus difficulting
migration between sub-populations.

In conclusion, the genetic data obtained in the present study suggest
that heterozygosity is lower in M. rufiventris than in typical species of eusocial
Hymenoptera and that, at biochemical level, this species exhibits a great
genetic differentiation among sub-populations. It will be of interest to
determine if the phenomenon of low gene diversity in M. rufiventris is
confined to loci encoding soluble proteins or whether it is a genomic-wide
phenomenon. Clearly, a better understanding of the genetics of this species
could be helpful for evaluation of the genetic status of M. rufiventris
poputatioh‘s in Minas Gerais and consequently for the preservation of this
and other species of stingless bees.
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Figure 1. Electrophoretic pattern of Esterase 4 in Melipona rufiventris on 14% starch gel,
revealed by a-naphtil acetate. Samples 1-8: adult workers from Atlantic forest;
samples 8-16: adult workers from Cerrado. The arrow indicates the direction of
migration.
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Figure 2. Electrophoretic pattern of Malate Dehydrogenase-1 in Melipona rufiventris from
Cerrado areas on 1411% starch gel. Samples 1, 5, 11 and 12: homozygous
individuals for Mdh-1"; samples 2-4, 6-8: homozygous individuals for Mdh-1° :

samples 9 and 10: heterozygous individuals The arrow indicates the direction of
migration.
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3. Electrophoretic pattern of Peptidase-1 in Melipona rufiventris on 14% starch gel.
Samples 1-8: adult workers from Atlantic Forest: samples 11-18: adult workers

from Brasilandia; samples 9-10, 19-21: adult workers form Cerrado. The arrow
indicates the direction of migration.
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Figure 4. Electrophoretic pattern of § - HBDH in Melipona rufiventris on 14% starch gel.
Samples 1-14: adult workers from Atlantic forest; samples 15-20: adult workers
from Cerrado. The arrow indicates the direction of migration.
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rufiventris colonies analyzed.

Table I. Localities, bioma and number of hives of the 35 Melipona

Localities Bioma Number of hives
Coluna Forest regions 1
Rio Vermelho Forest regions 1
Itamarandiba Forest regions 1
Marliéria Forest regions 1
Resende Costa Forest regions B

Subtotal 8
Arcos Cerrado 4
Formiga Cerrado 2
Coérrego Dantas Cerrado 2
Uberaba Cerrado 2
Patos de Minas Cerrado &
Guimarania Cerrado 10
Patrocinio Cerrado 2

Subtotal 20

Total 35
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Table Il. Allele frequencies, y?, observed (H,) and expected (He)

heterozygosities for 17 enzyme loci analyzed in M. rufiventris
rufiventris populations from Cerrado and Forest regions.

Locus Allele Forest regions 12 Cerrado Xz
Pgm-1 1 1.0000 1.0000
Gpi-1 1 1.0000 1.0000
led-1 1 1.0000 1.0000
Hk-1 1 1.0000 _ 1.0000
Gpdh-1 1 1.0000 1.0000
Gpdh-2 1 1.0000 1.0000
Pep-1 1 - 1.0000

2 1.0000 -
Hbdh-1 1 1.0000 2
Mdh-1 1 1.0000 0.0579

2 - 0.9421 2.74*
Mdh-2 1 1.0000 1.0000
Est-1 1 1.0000

2 1.0000 -
Est-2 1 - 1.0000

2 1.0000 -
Est-3 1 - 1.0000

2 1.0000 -
Est-4 1 - 1.0000

2 0.9297 -

3 0.0703 0.32 -
Est-5 1 1.0000 1.0000
Est-6 1 1.0000 1.0000
Est-7 1 1.0000 1.0000
H, 0.0083 * 0,0341 0.0061 + 0.0243
He 0.0078 + 0.0320 0.0068 + 0.0273

*P <0.05
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ABSTRACT

The genus Melipona comprises one of the most important groups of
pollinators of Angiosperms in Brazil. Populations of Melipona rufiventris,
however, are becoming rare in Minas Gerais due to the human action, mainly
due to deforestation and predatory honey collection. Morphological variations
have been related to this species, which may suggest that the name M.
rufiventris, in fact, refers to a group of cryptic species. Thus, in the present
study, we performed an enzymatic- characterisation of M. rufiventris
populations located in two biomas of Minas Gerais (Cerrado and Forest
regions) and the evaluation of the taxonomic status of this species. Samples
of 39 colonies were collected from 13 localities and evaluated by 9 eniymatic
systems, which yielded 17 loci. Only Est-4 was polymorphic in colonies from
Forest regions and Mdh-1 in colonies from Cerrado. The enzymes Isocitrate
Dehydrogenase (ICD), a-Glicerophosphate Dehydrogenase (a-GPDH),
Glucose-phosphate  Isomerase (GPI), Phosphoglucomutase (PGM),
Hexoquinase (HK), Peptidase-A (PEP-A) and B-hydroxybutyrate
dehydrogenase (B-HBDH): however, PEP-A and B-HBDH revealed different
enzyme expression patterns between populations from Forest and Cerrado
regions. These enzymatic data suggest that populations from Forest regions
and Cerrado have accumulated some unique polymorphisms, which make
them different. The recorded high value for the fixation index (Fst = 0.9539)
found when all colonies where considered together and the genetic distances
observed between populations from Forest and Cerrado regions (ranging
from 0.4739 to 0.5003), reinforce the genetic differentiation among sub-
Populations. In the dendrogram, colonies from Forest regions and
Brasilandia, were combined as a single cluster, separated from Cerrado
colonies. These data may suggest the existence of, at least, two “forms” of

M. rufiventris or even two different species: one in Forest and the other in
Cerrado regions.

Key words: Hymenoptera, Melipona rufiventris, isoenzymes, genetic
variability, cryptic species.
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INTRODUCTION

The genus Melipona comprises one of the most important groups of
pollinators of Angiosperms in Brazil (Kerr et al., 1996). There are currently
over forty described species of Melipona (Michener, 1979; Camargo, 1979).
These species have a geographic distribution restrict to Neotropics, including
South America, Central America and Caribbean islands (Kerr, 1969;
Camargo et al., 1988; Michener, 1990).

Originally with a great distribution in Minas Gerais (MG) state, both in
Cerrado and in Atlantic Forest, populations of Melipona rufiventris are
becoming rare due to the human action, mainly due to deForestation and
predatory honey collection. Therefore this species was included in the
endangered species’ list of MG (Campos, 1998).

Of the five subspecies related by Moure and Kerr (1950), M.
rufiventris rufiventris is the unique recorded in MG, Morphological variations,
however, have been related to this subspecies (Moure, 1975) which lead
Moure (1992) to suggest that there is much to be done to the knowledge of
the different “forms” attributed to this species, since their taxonomy is based
primarily on morphologic characters. According to Moure (1992), it is
possible that the name M. rufiventris is being used to a group of cryptic
species.

Biochemical research involving a different number of enzymatic
systems in Hymenoptera has contributed with useful information about the
relationships of different species. Halliday (1975; 1979: 1981) described
enzyme variation in cryptic species of ants (Iidomyrmex purpureus group).
Enzymatic data were analysed by Nozawa and Ité (1989) to establish the
phylogenetic relationships among nine wasps of Vespinae from Japan.
Using cladistic data analyses from 26 enzymatic loci, Packer (1991) inferred
about the phylogeny of eight species of Evylaeus genera (Halictidae). A
similar analysis was done by Richards (1994) to study the evolution of social
behaviour in Halictus. Melo (1993) described what he suggested to be
several sibling species of Microstigmus genus (Hymenoptera, Sphecidae)
through enzyme data.
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The widespread occurrence of M. rufiventris rufiventris in Minas
Gerais — Brazil and the endangered status of this species led us to perform
an enzymatic characterization of M. rufiventris populations located in
different biomas of Minas Gerais and the evaluation of the taxonomic status
of this species.

MATERIAL AND METHODS

Population sampling

Melipona rufiventris adult workers were obtained from 39 colonies in
13 localities of Minas Gerais: eight of them in areas of Cerrado (31 colonies)
and five in Forest regions (8 colonies) (Figure 1). Eight workers from each
hive were stored at — 80°C and analysed later.

Alloenzyme electrophoresis

Standard horizontal starch gels (14%) electrophoresis procedures were
used (Harris and Hopkinson, 1978). The following enzyme systems were
assayed: hexokinase (E.C.2.7.1.1, HK), glucose phosphate isomerase
(E.C.5.3.1.9, GPI), esterase (E.C.3.1.1.1, EST), aminopeptidase A
(E.C.3.4.11, PEP-A), hydroxybutyrate dehydrogenase (E.C.1.1.1.30, HBDH),
isocitrate dehydrogenase (E.C.1.1.1.42, ICD), malate dehydrogenase
(E.C.1.1.1.37, MDH), phosphoglucomutase (E.C.2.7.5.1, PGM) and a-
glycerophosphate dehydrogenase (E.C.1.1.1.8, GPD).

Data analysis

The population gene diversity was assessed by estimating allele
frequencies and F-statistics of Wright (Wright, 1978) from isoenzyme dataset.
Genetic distances (GD) between populations were calculated using Nei's
genetic distance estimates (Nei, 1972). The GD matrix was submitted to
cluster analysis, following the UPGMA algorithm, and to Multidimensional
Scaling analysis (MDS) algorithm. To evaluate how well the GD matrix was
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Figure 1. Geographic location of the 13 localities of Minas Gerais where samples
of Melipona rufiventris where collected and the predominant vegetation
type of each locality. COL = Coluna (1), RVE = Rio Vermelho (1), ITA =
ltamamarandiba (1), MAR = Marliéria (1), RES = Resende Costa (4), ARC
= Arcos (4), FOR = Formiga (2), COR = Cérrego Dantas (2), UBE =
Uberaba (2), PAT = Patrocinio (2), GUI = Guimarania (10), PMI = Patos de
Minas (5) and BRA = Brasilandia (4). The number of hives sampled in
each locality is given in parentheses.
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RESULTS

A total of 17 enzymatic loci in all 39 natural colonies of M. rufiventris
were analysed, among which only two were polymorphic: Est-4 and Mdh-1
(Table I). Among the monomorphic loci, however, Est-1, Est-2, Est-3, Est-7
and Pep-1 gave unique alleles for populations of M. rufiventris from Cerrado
and Forest regions and B-Hbdh-1 was detected only in populations from
Forest region and Brasilandia (Cerrado). Est-1, Est-2, Est-3, Est-7 could not
be scored in populations from Brasilandia due to technical problems. The
expected (H.) and observed (H,) heterozygosities for all 17 loci analysed are
on Table Il. ‘

In relation to locus Est-4 (Table I), most colonies from Cerrado
presented a monomorphic profile, with a band of greater mobility (allele Est-
4") than colonies from Forest regions. Among colonies collected in Forest
areas, those from Coluna and Rio Vermelho presented a polymorphic
pattern with two allelic types (Est-4° and Est-4°) while colonies from
ltamarandiba, Marliéria and Resende Costa showed only homozygous
individuals (allele Est-4%). Colonies from Brasilandia (Cerrado), however,
exhibited in Est-4 locus, an intermediary polymorphic profile between
colonies from Cerrado and Forest regions (Figure 2).

Malate dehydrogenase (Mdh-1) results also showed different patterns
of mobility when colonies sampled in Cerrado and Forest regions were
compared (Table Il). Colonies from Forest regions presented a monomorphic
profile, with a faster activity band (Mdh-1") when compared with those
monomorphic colonies from Cerrado (alleles Mdhf"’). However, some
colonies from three neighbour cities located in areas characteristic of
subtropical Forest mixed with Cerrado (Formiga and Arcos) and typical
Cerrado (Cérrego Dantas) presented polymorphic patterns for Mdh-1 (Mah-
1"/Mdh-1%). Colonies from Brasilandia (Cerrado) showed a Mdh-1 profile
similar to colonies from Forest regions.

The data obtained allowed an analysis of the population structure. F
statistics for the polymorphic loci for all colonies considered together are
presented in Table Ill. Fsr which is the corrélation between two gametes



drawn at random from each subpopulation, indicates the extent of genetic
differentiation among the subpopulations (Yeh, 2000). The value is
dramatically high for the analysed loci in M. rufiventris. Of the total genetic
diversity, 95.39% was due to differences among sub-populations.

Estimates of genetic distances between colonies of M. rufiventris from
the same vegetation type were low, with a maximum value of 0.0058 and
0.0250 for Forest regions and Cerrado populations, respectively. Greater
genetic distances, ranging from 0.4739 to 0.5003 were estimated between
these two populations (Forest and Cerrado). When colonies from Forest
regions and Brasilandia were compared, relatively high genetic distances
(0.3179 to 0.3736) were revealed, as well as comparisons between colonles
from Cerrado and Brasilandia (0.4278 to 0.5989).

In fact, in the dendrogram (Figure 3), colonies from Forest regions
and Brasilandia, were combined as a single Cluster, separated from Cerrado
colonies. In biplot and scatterplot 3D of MDS (Figures 4 and 5, respectively),
where each colony may seems like one point, it was possible to verify those
colonies which presented nonzero distances from each other, such as 38,
37,9, 16, 1 and 2. Due to the addition of a third dimension (Figure 5), the
colonies 1 and 2, for instance, could be differentiated in the scatterplot 3D. In
both figures, however, the other colonies form an undifferentiated cloud of
points due to distances zero in regard to each other.

DISCUSSION

The present study provides information regarding the interrelationships
of populations of Melipona rufiventris from Forest regions and Cerrado.

The expected heterozygosity among all 39 colonies of M. rufiventris
was 0.140 and an average of six polymorphic loci was observed among
these colonies (Pep-1, Mdh-1, Est-1, 2, 3 and 4), yielding a percentage of
35.29% of polymorphic loci. These values are much higher than those found
in many other species of Hymenoptera and suggest that populations from
Forest regions and Cerrado, although with a low heterozygosity (Costa et al.,



unpublished data) have nevertheless accumulated some unique
polymorphisms which make them different.

Except for colonies of Brasilandia, all colonies from Cerrado were
grouped together in a major cluster of the dendrogram, opposite to the
cluster that contains colonies from Forest regions. Still, all colonies from
Brasilandia were grouped together in the dendrogram and were closer to
colonies of Forest regions than to colonies from Cerrado.

This dendrogram clearly permitted the differentiation between
Populations from Forest region and Cerrado and may suggest the existence
of, at least, two “forms” of M. rufiventris in Minas Gerais. This result can be
reinforced by the high value of Fsr (0.9539) observed among subpopulations.
According to Wright (1978) values of Fsr above of 0.25 indicates a very high
genetic differentiation. So, a value of 0.9539 supports well the existence of
two “forms” of M. rufiventris in Minas Gerais.

The genetic identity among colonies from the two areas, however, was
very high, ranging from 0.6063 to 0.6226. This high genetic identity may
resulted, among other characteristics, by the existence of several enzymatic
systems, like PGM, GPI, HK and a-GPDH, that showed identical expression
patterns between populations from the two regions. These results constitute
a strong evidence of high relatedness level between the “forms” reported in
this study. It is possible, that in the past, M. rufiventris rufiventris had a
continuous  distribution in Minas Gerais and differentiation between
populations characteristic of analysed both vegetation type occurred by
natural selection. |

Furthermore, the dendrogram indicates a close phyletic relationship
between colonies from Brasilandia and Forest regions. Although only four
hives from Brasilandia were evaluated in the present study, these colonies
presented a pattern of expression at Est-4 (Fig. 2) intermediary between that
found in colonies from Forest and Cerrado regions, which may indicate the
occurrence of mattings within the two different “forms” of M. rufiventris with
the production of hybrid colonies. Additionally, colonies from Brasilandia
presented similar enzymatic profile to colonies from Forest regions at loci
Mdh-1, Pep-1 and Hbdh-1. Unfortunately, colonies from Brasilandia could
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not be scored to loci Est-1, Est-2, Est-3, Est-5, Est-6 and Est-7, which could
have permitted a detailed comparison and a clear demonstration of the
taxonomic status of M. rufiventris.

In the present study, however, samples from Brasilandia were
collected in colonies maintained in a meliponary where colonies typical from
Forest regions (possibly from areas of Gallery Wood that were near from
rivers and streams of the region) could have been put together with colonies
typical from Cerrado. Therefore, individuals originated from different regions
could have mated and originated hybrid.colonies.

Nascimento et al. (2000) have already reported, through enzyme
analyses, a case of hybridization between M. scutellaris (from the
Diamantina plateau in the sate of Bahia, Brazil) and M. capixabé (from
Domingos Martins, in the State of Espirito Santo, Brazil). These two
Melipona species, in nature, are separated by more than 300 km of Forest
but were maintained together in a meliponary located in Uberlandia-MG. The
observation that these two species are capable of forming fertile hybrids led
Nascimento et al. (2000) to suggest that, in spite of geographical separation,
there were no pressure to develop a sexual isolating mechanism between
them.

Alternatively, these two reported “forms” of M. rufiventris rufiventris
may constitute two species that mate in some areas of Minas Gerais
producing the hybrid form. This possibility is supported by the values of
genetic distance observed among colonies from Forest regions and Cerrado,
that ranged from 0.4739 to 0.5003 and are quite higher than the values
reported for distinct insect species. For example, the genetic distance (D;
Nei, 1972) between Neodiprion maurus and N. pratti was 0.195 (Kuenzi and
Coppel, 1986) and the genetic distances (D; Nei, 1978) found by
Rosenmeier and Packer (1993) between Neodiprion pratti banksianus and
N. maurus was 0.125, while that between Halictus tumulorum and H.
confuses ranged from 0.180 yp 0.195.

In the case of Trigona atripes species group, Yong (1991) found
genetic distances ranging from 0.27 (between T. collina and T. rufibasalis )
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and 0.54 (between T. atripes and T. collina) and emphasised that these
values are comparable to that reported for distinct species.

Although interlaboratory variation and different statistical methods of
analysis makes comparisons difficult to interpret and the fact that genetic
distances among subspecies or species of one group of organisms should
not be the same among other groups of animals or plants once the
speciation process occurs in distinct forms in distinct organisms, the high
values of genetic distances between the two “forms® of M. rufiventris
rufiventris, described in the present paper, supports the existence of two
species of Melipona in Minas Gerais recognised as M. rufiventris.

Other differences such as the existence of a prominent clay structure
constructed by this bees at the hive entrance in colonies from Forest regions
and its absence in colonies originated from Cerrado and a distinct pattern of
colour between populations from these two regions (Costa, personal
observation) may reinforce this hypothesis. However, further investigation
concerning differences at the DNA level, morphological and cytogenetic
aspects, as well as behavioral differences between these two “forms”
reported here may contribute to a better understanding of the natural history
and taxonomic status of M. rufiventris. This knowledge can be an important

tool to the development of conservation plans for this and other important
pollinator's species.
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Table Il. Gene diversity measures for 17 loci based on 39 Melipona
rufiventris colonies.

Locus Ho* He*

Pgm-1 0.000 0.000
Gpi-1 0.000 0.000
led-1 0.000 0.000
Hk-1 0.000 0.000
Gpdh-1 0.000 0.000
Gpdh-2 0.000 0.000
Pep-1 0.000 0.427
Hbdh-1 0.000 0.000
Mdh-1 0.067 0.513
Mdh-2 0.000 0.000
Est-1 0.000 0.353
Est-2 0.000 0.353
Est-3 0.000 0.353
Est-4 0.103 0.391
Est-5 0.000 0.000
Est-6 0.000 0.000
Est-7 0.000 0.000

Mean 0.010 0.140
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Table lll. Estimates of F-statistics of Wright for 312 adult workers from 39
Melipona rufiventris colonies.

Locus N Fis Fir Fsr

Pgm-1 624 i e 0.0000
Gpi-1 624 N i 0.0000
lea-1 624 st il 0.0000
Hk-1 624 il oo 0.0000
Gpdh-1 624 e e 0.0000
Gpdh-2 624 s it 0.0000
Pep-1 624 g 1.0000 1.0000
Hbdh-1 624 ingdes 1.0000 0.0000
Mdh-1 624 -0.4545 0.8686 0.9096
Mdh-2 624 ik i 0.0000
Est-1 624 i 1.0000 1.0000
Est-2 624 e 1.0000 1.0000
Est-3 624 s 1.0000 1.0000
Est-4 624 -0.6101 0.7370 0.8366
Est-5 624 i 1.0000 1.0000
Est-6 624 i 1.0000 1.0000
Est-7 624 s 1.0000 1.0000

Mean 624 -0.5446 0.9288 0.9539
n = sample size
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Forest Brasilandia Cerrado

EST-4’

EST-4
EST-4°

Figure 2. Enzymatic profile for Est-4 revealed by a-naftil acetate in adult
workers from Forest regions (1-5), adult workers from two
colonies from Brasilandia (6-13) and adult workers from
Cerrado (14-18). Note that M. rufiventris workers from
Brasilandia present bands from Forest and Cerrado. 14%
starch gel.
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Figure 4. Biplot of MDS from the genetic distances between 39 Melipona
rufiventris colonies based on allele frequencies of 17 loci
(stress=0.0036, after 100 iterations). Samples 1-8 are from Forest
regions; samples 9-39 are from Cerrado region, being samples
36-39 from Brasilandia.
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3D of MDS from the genetic distances between 39 Melipona
rufiventris colonies based on allele frequencies of 17 loci
(stress=0.0022, after 100 iterations). Samples1-8 are from Forest
regions; samples 9-39 are from Cerrado region, being samples
36-39 from Brasilandia.

54



REFERENCES

Brussard, P. F., Ehirlich, P. R., Murphy, D. D., Wilcox, B. A., and Wright. K.
(1985). Genetic distances and the taxonomy of checkerspot butterflies. J.
Kans. Entomol. Soc. 58: 403.

Camargo, J. M. F., Moure, J. S. & Roubik, D. W. (1988). Melipona yucatanica
new species (Hymenoptera: Apidae: Meliponinae), stingless bee dispersal
across the Caribean area and Post-Eocene vicariance. Pan-Pacific
Entomologist, 64(2): 147-157. '

Camargo, J. M. F. (1979). Sex determination in bees. Xl. Production of .
diploid males and sex determination in Melipona quadrifasciata
(Hymenoptera, Apidae). J. Apic. Res., 18: 77-84.

Campos, L. A. 0. (1998). Melipona rufiventris Lepeletier, 1836. In: Machado,
A. B. M,; G. A B. Fonseca; R. B. Machado; L. M. S. Aguiar; L. V. Lins
(ed.). Livro Vermelho das Espécies Ameagadas de Extingdo da Fauna
de Minas Gerais. Belo Horizonte, Biodiversitas. Pp. 560-561.

Dias, L.A.S. (1998). Andlises multidimensionais. In: Alfenas, A.C. (ed.).
Eletroforese de isoenzimas e proteinas afins: fundamentos e aplicagbes
em plantas e microrganismos. Editora UFV, Vigosa. p. 405-475.

Halliday, R. B. (1975). Electrophoretic variation of amylase in meat ants,
Iridomyrmex purpureus and its taxonomic significance. Aust. J. Zool. 23:
271-276.

Halliday, R. B. (1979).Esterase variations at three loci in meat ants. J. Hered.
70: 57-61

Halliday, R. B. (1981). Heterozygosity and genetic distance in sibling species
of meat ants (/ridomyrmex purpureus group). Evolution, 35 (2): 234-242.

Harris, H. and Hopkinson, D. A. (1978). Handbook of enzyme
electrophoresis in  human genetics. Amsterdam, North-Holland
Biomedical Press, n.p. (Suppl.).

55



Kerr, W. E. (1969). Some aspects of the evolution of social bees (Apidae) in
evolutionary biology. Ed. T. DOBZHANSKY, M. K. HECHT & W. C.
STREET. Columbia Univ. Press, New York, p. 119-175.

Kerr, W. E., Carvalho, G. A. and Nascimento, V. A. (1996). Abelha Urugu.
Biologia, Manejo e Conservacdo. Cole¢cdo Manejo da Vida Silvestre, n°.
2. Belo Horizonte, Acangau.

Kuenzi, F. M. and Coppel, H. C. (1986). Isozymes of the sawfly Neodiprion
and Diprion similes: Diagnostic -characters and genetic distance.
Biochem. Syst. Ecol., 14: 423.

Melo, G. A. R. (1993). Relagdes filogenéticas entre espécies do género
Microstigmus Ducke, 1907 (Hymenoptera, Sphecidae,
Pemphredoninae), com base em dados isozimaticos e morfolégicos.
Dissertagdo de mestrado apresentada & Universidade Federal de
Vigosa, UFV. 103p.

Michener, C.D. (1979). Biogeography of the bees. Ann. Mol. Bot. Gard., 66:
277-347.

Michener, C.D. (1990). Classification of the Apidae (Hymenoptera). Univ.
Kansas Sci. Bull., 54: 75-164.

Moure, J. S. & Kerr, W. E. (1950). Sugestdes para a modificacdo da
sistematica do género Melipona (Hymen. — Apoidea). Dusenia, 1 (2):
105-129.

Moure, J. S. (1975). Notas sobre as espécies de Melipona descritas por
Lepeletier em 1836 (Hymenoptera: Apidae). Revista Brasileira de
Biologia, 35(4). 615-623.

Moure, J. S. (1992). Milikerria e Eomelipona, dois subgéneros novos em
Melipona llliger, 1896. (Hymenoptera — Apidae). Naturalia, Anais do
‘Encontro Brasileiro sobre Biologia de Abelhas e outros Insetos Sociais”.
Rio Claro, 14-18 de setembro de 1992, 32-38.

56



Nascimento, A. V., Matusita, S. H. and Kemr, W. E. (2000). Evidence of
hybridization between two species of Melipona bees. Genetics and
Molecular Biology, 23 (1) 79-81.

Nei, M. (1972). Genetic distances between populations. American Naturalist,
106: 283-292.

Nei, M. (1978). Estimation of average heterozygosity and genetic distance
from a small number of individuals. Genetics 89: 583-590.

Nozawa, k. and Itd, Y. (1989). Biochemical-genetic differentiation among nine
species of polistine wasps from Japan. Ins. Soc., 36: 183-196.

Packer, L. (1991). The evolution of social behavior and the nest architecture
in sweat bees of the subgenus Evylaeus (Hymenoptera: Halictidae): a
phylogenetic approach. Behav. Ecol. Sociobiol. 29: 153-160.

Richards, M.H. (1994). Social evolution in the genus Halictus: a phylogenetic
approach. Ins. Soc. 41: 315-325.

Rosenmeier, L. and Packer, L. (1993). A comparison of genetic variation in

two sibling species pairs of haplodiploid insects. Biochemical Genetics,
31:185-200.

Ross, H. H. (1955) The taxonomy and evolution of the sawfly genus
Neodiprion. For. Sci. 1: 196

Statistica (1987). http://www.statsoft.com/textbook.

Van Driel, JW., Sluiteres, J. F. and Van Der Kaay, H. J. (1987). Allozyme
variation in Anopheles stephensi Liston from Pakistan (Diptera:
Culicidae). Biochem. Genet. 25: 789-802

Wright, S. (1978). Variability within and among natural populations. Vol. 4.
The University of Chicago Press, Chicago.

Yeh, F.C. (2000). Population genetics. In: YOUNG, A.; BOSHIER, D. and
BOYLE, T. (eds). Forest conservation genetics: principles and practice.
CSIRO/CABI, Australia. p. 21-37.

37






IV. CONCLUSOES GERAIS

. As populagdes de Melipona rufiventris analisadas no presente trabalho
apresentaram um baixo nivel de variabilidade genética. Foram detectados
polimorfismos enzimaticos em apenas dois locos (Mdh-1 e Est-4).

. A presenga de um padréo enzimatico intermediario para a Est-4, em’
coldénias de Brasilandia, quando comparado com aqueles observados em
colénias de mata e de cerrado, sugere que as coldnias desta regido sejam
hibridas.

. Os sistemas enzimaticos PEP-A e B-HBDH apresentaram diferentes

padrées de expressdo entre populagdes de mata e cerrado, diferenciando-
as.

. Os altos valores do coeficiciente Fsr (0,9539) e dos indices de
distancias genéticas observados entre colénias de mata e de cerrado
(variando de 0,4739 a 0,5003) confirmam a diferenciagdo genética entre
populagdes de mata e cerrado. '

. A grande diferenga entre as popula¢des estudadas sugere que o

nome M. rufiventris rufiventris, em Minas Gerais, na verdade, esteja sendo
utilizado para duas espécies de Melipona.
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