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Abstract

Several recent studies suggest that the level of generalization (measured as percentage connectance) of plant-
pollinator networks has several ecological correlates, e.g. latitude and atitude. Herewereport on levelsof generalizationin
27 two-mode networks of social beesand their food plantsin various Brazilian habitats and urban environments. Social bees
aregeneralist foragers and are among the most abundant flower visitorsin Brazil. They probably account for 30-50% of all
plant — flower visitor interactions. Connectance was significantly influenced by habitat. Cerrado forests showed lower
connectance than the dry dune habitats, with Atlantic rain forest and urban sites taking intermediate position and arid
Caatingabeing similar to dunes. This showsthat generalization in aplant —flower visitor community can beinfluenced by
habitat even within a group of generalist flower visitors, in our case social bees. We show that the strength of the interac-
tionsis not different between Cerrado and semi-arid habitats (dunes and Caatinga) and discuss other explanations for our
findings.

Key words: Pollination, stingless bees, Meliponini, Apis, Bombus, food plants.

Resumo

V &rios estudos recentes mostram que o nivel de generalizacdo (medido como porcentagem de conectancia) dasredes
plantas-polinizadores apresentam vérias correl agdes ecol égicas, como latitude e longitude. Neste trabalho, apresentamos
os niveis de generalizacéo em 27 redes de dois-modos de abelhas sociais e das plantas que |hes servem de alimento em
vérios habitats e ambientes urbanos brasileiros. As abelhas sociais sdo forrageiras generalistas e estéo entre os visitantes
florais mais abundantes no Brasil. Provavelmente, sdo responsaveis por 30 a 50% de todas as interacdes entre plantas e
visitantes florais. A conectancia é significativamente influenciada pelo habitat. Os cerrados apresentaram uma menor
conectancia do que as dunas, a Mata Atlantica e os ambientes urbanos ocuparam uma posi¢éo intermedidria, e a caatinga
aridaapresentou um grau de conectancia semel hante as dunas. | sso mostra claramente que ageneralizagéo nas comunidades
devisitantesflorais e plantas pode ser influenciada pel o habitat, mesmo em um mesmo grupo de visitantes, como, N0 N0SSO
caso, as abel has sociais. Nos provamos que aforga das interacGes ndo € diferente entre o cerrado e os habitats semi-aridos
(dunas e caatinga) e discutimos outras explicagdes para nossas interpretacoes.

Palavras-chave: Polinizacdo, abelhas sem ferrao, Meliponini, Apis, Bombus, recursos alimentares
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Introduction

Plant-pollinator networks have been suggested to
show trends towards higher levels of generalization with
decreasing species richness, with increasing latitude and in
lowlands compared to highlands (Olesen and Jordano 2002).
Two earlier reviews, however, concluded that the frequency
of occurrence of specialized pollination syndromesis about
thesameat different latitudes (Kevan and Baker 1983, Kevan
and Baker 1999). In addition, generalization seems|ower for
some pollinator taxa (stingless bee, euglossine bees, and
fig wasps) than for others (hummingbirds and bumbl ebees)
(Jordano 1987). How these findings relate to each other is
not directly clear, because some groups of pollinators (and
food plants) arelargely temperate whereas others are exclu-
sively tropical . Also, datafrom lowland tropical pollination
networks are largely lacking, which Olesen and Jordano
(2002) regard a serious shortcoming for their review.

In this paper we take a dightly different approach
that may extend our understanding of patterns of generali-
zation in plant-pollinator networks. We do not aim at com-
plete plant-pollinator networks, but restrict our analysisto
a specific group of pollinators, social bees, in arestricted
geographic area, Brazil. Inthisway our analysesarelargely
free of taxonomic biases, however, they do not address plant-
pollinator networksin general.

Social bees of the subfamily Apinae (stingless bees,
bumbl e bees, and honey bees) are the most abundant flower
visitorsin many tropical habitats (Heithaus, 1979, Roubik
1989, Bawa 1990). Their colony’s life span surpasses the
blooming period of most plant species, which partly explains
their polylectic diet, i.e. use of multiple plant species as
food source. They are generalist foragers (Roubik 1989) with
wide niches and some extreme cases, e.g. honey bees, have
been referred to assuper generalists(e.g. Olesen et a. 2002).
Therefore, although we analyze only asubset of all interac-
tions, it comprises probably 30-50% of the compl ete plant-
pollinator network (or more correctly flower-flower visitor
network). Social beefood plant relationships have been stud-
ied extensively (reviewed in Roubik, 1989, Ramalho et al.
1990), but food web theory (e.g. Jordano 1987, Dunneet al.
2002) has rarely been used to study the characteristics of
the two-mode network of social bees and their food plants.
We analyzed 27 complete datasets of social bee-food plant
interactions and examine (1) the patterns of generalization
in these networks and (2) the influence of a series of eco-
logical factors, altitude, latitude, habitat, on generalization
levels.

2. Material and Methods
2.1 Dataset selection.

The datasets were selected according to the follow-
ing criteria:

1) They had to be taxonomically well resolved. The
two leading Brazilian social bee experts, ProfsPadre Santiago
Moure and Jodo Camargo, identified beesin all studiesand
plantswereidentified by various|eading botanical taxono-
mists.

2) Exhaustive sampling of arestricted area. All stud-
ies collected at least once a month for a year, but most
sampled moreintensively. Areasranged from 0.3 hato more
than 200 ha, and was <100 hain all but three studies.

3) Unrestricted sampling of beesand flowering plants.
Note, however, than many studies under-sampled the higher
strata of the forest.

4) Comparable sampling methods. M ethodol ogy was
highly uniform among the studies. All used the Sakagami et
al. (1967) sampling method or avariant of that method. In
this method afixed amount of timeis spent at each flower-
ing plant (or patch) and the coverage of transects is ran-
domizedintime, order, and direction.

5) Availahility of interaction tables or raw datasheets.
We compiled each data matrix from the interaction lists or
raw data tables provided in the source. More than a dozen
additional studies had to be excluded because they lacked
sufficiently detailed information of bee-plant interactionsin
the published material. A completelist of the main features
of all studiesincluded is given in table 1. The studies that
could not beincluded and the reason for their exclusion are
given in table 2. Many datasets have been published only
in student PhD- or M Sc-theses about half of which were
supervised by the latter two authors, but al are publicly
availablefromtherespective universities (for full references
of al studies see Appendix 1).

2.2 Network properties

We followed methods of Jordano (1987) and Olesen
and Jordano (2002). A two-way socia bee—food plant net-
work isdefined asamatrix describing interactions between
B flower-visiting social beesand P flowering plant species.
Each cell of the matrix representsasingle bee-plant interac-
tion and can have a value of O if not observed or 1 if ob-
served. Many studies gave actual numbers of bees col-
lected from plants. All values >0 were set equal to 1 for
connectance calculations, but real values were used in cal-
culating interaction strengths (see below). Network size (M)
isgiven by M = BP, where B and P are the number of inter-
acting bees and plants in the habitat, respectively. M indi-
catesthe maximum possible number of interactions. Asmea-
sures of generalization we use the number of observed in-
teractions () and the connectance (C), where C = 100 I/M.
Connectance is thus the percentage of all possible interac-
tions actually observed within a network.

We used correlation to analyze rel ations among net-
work properties (B+P, I, C) and multiple regressions to
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analyze the relation between C and several study site fea-
tures: latitude, atitude (mean of upper and lower limit for
larger areas), and M. Four natural habitat typeswererepre-
sented in multiple studies (Table 1): Atlantic rain forest,
Cerrado forest (dense, dry forest of medium height),
Caatinga (arid woodland), and Dunes. In addition, urban
environments (parks and university campus) were sampled
in five studies. The habitats of the remaining studies com-
prised fields, shrubland, orchard, amix of habitats, and high-
land Araucariaforest. We analyzed the rel ation between the
common habitats (Rain forest, Cerrado, Caatinga, Dunes,
Urban) and connectance by means of a Kruskal-Wallistest
with posthoc multiple comparisonstests (MCT) (Siegel and
Castellan, 1988).

Inour effort to find an explanation for the difference
in connectance among habitats, we calculated interaction
strengths for the Cerrado studies (Table 1: studies 15, 16,
17, and 19) and pooled dry habitat studies, Caatinga (Table
1: study 14) and Dunes (Table 1: studies 25 and 26), that
provided numbers of beesvisiting each flowering plant. We
follow Jordano (1987) and use dependence of bees on food
plants as a measure of interaction strength. Dependence
here is the proportion of al interactions of the bee occur-
ring between a particular plant and thisbee. Note that this
measure does not indicate the quality of theinteraction and
for the social beeswe consider here high values may occa-
sionally present a single or few successful group foraging
events.

3. Results

Twenty-seven datasets were included in the analysis
(Table 1), whereas many other studies could not beincluded
(Table 2). The included studies covered 72 social bee taxa
(66 stingless bees, 5 bumble bees, and the introduced Afri-
can honey bee), 1725 plant species and atotal of 6588 bee-
plant interactions. Individual datasets contained 6 to 27 bee
species (mean 13.5, median 12; table 1) and sampled 20 to
230 plant species (mean 92.9, median 93). The number of
interactionsranged from 34 to 932 (mean 235.3, median 174)
and increased linearly with network size (I =0.16 M + 13.6; F
=114.5, p<0.001, R?=0.81). Connectance (C) ranged from
7.2%t0 37.1% (mean 18.9%, median 17.6%) and wasinde-
pendent of the total number of species (B + P; F = 0.64,
df=1,25, p=0.43) in the dataset. A multipleregression analy-
sisrevealed that C was not significantly influenced by net-
work size (M), latitude or altitude of the study site (F = 0.66,
df=3,19, p=0.59). However, C differed among thefour natu-
ral habitats and the urban environments covered in the stud-
ies(Figure1; KW-test: X?2=13.2, p=0.01; 5groups: Atlantic
rain forest, Cerrado, Caatinga, Dunes, Urban). The MCT
showed that Cerrado forest had significantly lower
connectance than dunes, and that other combinations were
not significantly different. If more Caatingasitesare sampled
inthefutureitispossiblethat connectancein Caatingawill

become different from Cerrado aswell (Figure 1). Datawere
not sufficient to detect within-habitat trends between
connectance and other parameters.

The distribution of dependence values of bee-plant
linkswas not different between Cerrado forest and the semi-
arid habitats, Caatinga and dunes (two-sample KS-test:
D,=06,2=082p=041LN_ _ =745N__ .. =236
Figure 2). Thissuggests (see Jordano 1987) that thelower C
in Cerrado forest compared to that of dry habitats Caatinga
and Dunes does not reflect differences in the strength of
the interactions. In both cases weak interactions (depen-
dence <0.1) are vastly more numerous than strong interac-

tions (dependence>0.1).

4. Discussion

The averagelevel of generalization (C = 19%) inthe
social bee —food plant networks was higher than in com-
plete plant-pollinator networks (11%; Olesen and Jordano
2002). Thiswas expected because all social beesare gener-
alistsand they have broader food nichesthan do oligolectic
bees and other non-social flower visitors. Generalization
level was lower than in incomplete social bee - plant net-
worksreported by Jordano (1987; average of 14 studies: C=
28.1%), but higher than in thetropical social bee studieshe
reviewed (Engel and Dingemans-Bakels 1980: C=8.7 and
15.7%), probably reflecting the different methods used in
that study.

Neither latitude (4°N-30°S) nor dtitude (0-1050m) &f-
fected the generalization level. This corresponds to find-
ings by Olesen and Jordano (2002) who show a general
effect of both factors, but no clear relationships within the
rangesincludedin our analysis(seetheir Fig. 2). Thelack of
arelationship between network sizeand Cinour study isin
contrast to both Olesen and Jordano (2002) and Jordano
(1987). Thismay result from the taxonomic heterogeneity of
the datasets analyzed by them compared to our datasets
that arerestricted to tropical social bees. Moreimportantly,
habitat significantly influenced the level of generalization
in our analysis. The Cerrado forest habitat had lowest C
levelsat intermediate levels of network size and number of
species (Fig. 1) and variance of C among habitats was high
at low and intermediate network sizes. Olesen and Jordano
(2002) report marginally different levels of generalizations
among biogeographic regions. They report lowest
connectance (residual values after controlling for species
richness) for tropical and alpine networks and highest
connectance for Mediterranean networks. Here we refine
that result and show that among tropical habitats levels of
generalization variessignificantly. Interestingly, in both stud-
iesnetworksin thedriest region, the Mediterranean (Olesen
and Jordano 2002) and Dunes and Caatinga (our study),
had highest levels of connectance. Cerrado forest is, how-
ever, much drier than rain forest and urban habitats but had
lower connectance.

http://mww.bi otaneotropica.org.br


http://www.biotaneotropica.org.br

Biesmeijer, J.C.;(et al.) - Biota Neotropica, v5 (nl) - BN02605012005

Why generalization levels in Cerrado forest are
greatly lower than in the arid Dunes and Caatinga is not
clear. First, whereas three of four of the arid studies have
low speciesrichness, overall connectance is not dependent
on species richness. Second, the strength of the interac-
tions of bees with their food plants, measured as depen-
dence, is not different among these habitats (Fig. 2) sug-
gesting that the bees' diets are not generally broader in the
arid habitats. Third, the species composition is highly ho-
mogeneous among the habitats, the same genera of sting-
less bees occur in most habitats and several species were
reported inall habitats. A more detailed analysis of theinter-
actions and the floristic and faunistic composition may re-
veal why these habitatshaveintrinsically different levels of
generdization.

In summary, our results indicate that 1) generaliza-
tionlevel of asocia bee—food plant network isaffected by
habitat; 2) Social beeforagersare not always extreme gener-
alists; and 3) study of a homogeneous compartment of a
network may reveal other patterns than study of a more
heterogeneous‘ complete’ network. Thisanalysisof aunique
dataset of tropical bee-food plant networks adds to our in-
complete understanding of lowland tropical plant — (poten-
tial) pollinator networks.

Information on properties of social bee —food plant
networksisalso fundamental in conservation and manage-
ment of habitat for native pollinators (e.g. various contribu-
tionsin Kevan and Imperatriz-Fonseca 2002, Kearns et al .
1998). The level of connectance of interactions in a food
web may influence how the system changes following dis-
turbance. In addition, complete information on the interac-
tions between plants and pollinators may alow for more
efficient management of biodiversity (Waser et a 1996,
Kearnset al. 1998, Pinheiro-Machado et al. 2002), e.g. con-
centration on specific groups of food plants to conserve a
target pollinator species or vice versaconcentration on spe-
cific pollinatorsto improve pollination in threatened native
plant species. Finally, the construction and in-depth analy-
sis of networks of pollinators and their food plants would
allow for adetailed analysis of the influence of non-native
species of plants and pollinators on the relation among na-
tivespecies(e.g. Olesenet a. 2002, Memmott & Waser 2002).
It is known that introduction of super-generalist pollina
tors, such as the honey bee Apis mellifera, may adversely
affect some native plant-pollinator interactions (e.g. Butz-
Huryn 1997, Gross & Mackay 1998), because they readily
incorporate native food plants in their diet. On the other
hand, invasive plantsthat provide ample reward to pollina-
tors, e.g. Impatiens glandulifera, may disturb the pollina-
tion market and attract native pollinators away from the na-
tive plantsthey used to visit (Chittka& Schurkens2001). In
conclusion, we feel that food web theory is a valuable tool
in analyzing patterns and monitoring change in ecological
communities.
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Table 1. Summary of the network characteristics of the studies included in our analysis. For complete references of the studies see appendix
1. B-number of bee species, P-number of plant species, M-network size, I-number of interactions recorded, C-connectance value.

Study Habitat B P M | C
1. Aguilar (1998) Atlantic Rain Forest 18 96 1728 245 14.18
2. Alves (1996) Atlantic Rain Forest 15 113 1695 193 11.39
3. Barbola (1993) Open fields 9 60 540 111  20.56
4. Campos (1989) Cerrado 12 39 468 69 14.74
5. Carvalho (1990) Cerrado 13 75 975 117 12.00
6. Castro (2001) Caatinga 10 101 1010 350 34.65
7. Castro (unpubl.) Almeida Atlantic Rain Forest 6 40 240 36  15.00
8. Castro (unpubl.) Orchard  Orchard 17 20 340 89 26.18
9. Cortopassi-Laurino (1982) Urban 11 190 2090 414 19.81

10. Faria (1994) Rupestrian fields 10 38 380 61 16.05

11. Harter (1999) Araucaria Forest 14 185 2590 400 15.44

12. Hoffmann (1990) Mixed habitats 6 108 648 130 20.06

13. Knoll (1990) Urban 12 154 1848 539 29.17

14. Martins (1990) Casa Nova Caatinga 9 39 351 68  19.37

15. Martins (1990) Lencois Cerrado 10 81 810 131  16.17

16. Mateus (1998) Cerrado 25 73 1825 264  14.47

17. Pedro (1992) Cerrado 22 139 3058 285 9.32

18. Ramalho (1995) Atlantic Rain Forest 20 106 2120 369 17.41

19. Rego (1998) Cerrado 22 33 726 128 17.63

20. Schlindwein (1995) Shrubland 9 131 1179 242  20.53

21. Silveira (1989) Cerrado 22 106 2332 326 13.98

22. Sofia (1996) UEL Urban 14 93 1302 197 15.13

23. Sofia (1996) USP-RP Urban 27 106 2862 528 18.45

24. Taura (1990) Urban 7 93 651 155 23.81

25. Viana (1999) Dunes 6 48 288 71 24.65

26. Viana (unpubl.) Ibiraba Dunes 8 35 280 104 37.14

27. Wilms (1995) Atlantic Rain Forest 21 230 4830 932 19.30

Table 2. Studies not included in our analyses and the reason for exclusion.

Study Reason for exclusion
28  Aguiar (2001) No systematic data about visited plants
29  Kaminski (2001) Visitors of only three plant species
30 Laroca (1974) No list of visited plants per bee species (lumped per bee and plant family)
31  Orth (1983) No list of visited plants per bee species (lumped per bee genus)
32 Machado (2002) No systematic data about visited plants
33  Zanella (1991) No list of visited plants per bee species (lumped per bee and plant family)
34 Schwartz Filho (1993) No list of visited plants per bee species (lumped per bee and plant family)
35 Hakim (1983) No list of visited plants per bee species (lumped per bee and plant family)
36  Albuquerque (1998) No eusocial bees found on flowers (only Apis mellifera)
37  Knoll (1985) Only data on visits by one species (Tetragonisca angustula)
38  Antonini (2002) Only data on visits by one species (Melipona quadrifasciata)
39 Castro (1994) Same data as Martins (1990) (Table 1, study 14)
40 Viana (1992) Same data as Martins (1990) (Table 1, study 15)
41  Lorenzon et al. (2004) Data of two separate sites are pooled in tables

All palynological studies ~ Methodology used is very different
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Appendix 1: Referencesof all studiesincluded in and excluded from our analysis. Numbers correspond to those given
intables1and 2.

1.Aguiar, A.J.C. (2001) Comunidade de abel has (Hymenoptera, A poideaA piformes) davegetacéo de Tabuleiro daReserva
Biol 6gica Guaribas (Mamanguape, Paraiba). M sc thesis Ciéncias Biol dgi cas, Universidade Federal daParaiba, Brazil.

2.Alvesdos Santos, |. (1996) Bienen und melittophile Bl itenpflanzen in der K lstenregion und im Atlanti schen Regenwald
von Rio Grande do Sul (Brasilien), mit einer Fallstudie zu langzungenbienen und tristylen Wasserhyazinthen. PhD
thesis, Fakultét flr Biologie der Eberhard-Karls-Universitét Tibingen, Germany. 149p.

3. Barbala, I.F. (1993) A comunidade de Apoidea (Hymenoptera) da reserva Passa Dois (Lapa, Parand): Diversidade,
fenologiaerelagdestroficas. Msc thesis, Ciéncias Biol 6gicas, daUniversidade Federal do Parand, Brazil. 103p.

4. Campos, M.J.O. (1989) Estudo das interacdes entre a comunidade de A poidea, na procura de recursos alimentares, e a
vegetacdo de cerrado dareservade Corumbatal, S.P. PhD thesis. Departamento de Ciéncias Biol 6gicas daUniversidade
Federal de Sdo Carlos, S.P, Brazil. 114p.

5. Carvalho, A.M.C. (1990) Estudo das interacBes entre a apifauna e a flora apicola em vegetacéo de cerrado — Reserva
Ecolégica do Panga— Uberlandia— MG. Msc thesis Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo Preto -
Universidade de S&o Paulo, S.P, Brazil.

6. Castro, M.S. de (2001) A comunidade de abelhas (Hymenoptera; Apoidae) de uma area de caatinga arborea entre os
inselbergsde Milagres (12°53' S; 39°51’ W), Bahia. PhD thesis|nstituto de Biociéncias da Universidade de S&o Paulo,
Brezil.

7. Unpublished. DataavailablefromMSdeC
8. Unpublished. DataavailablefromMSdeC

9. Cortopassi-Laurino, M. (1982) Divisdo de recursostroficos entre abel has cociai s principal mente em Apis mellifera
Linné e Trigona (Trigona) spinipes Fabricius (Apinae, Hymenoptera). PhD thesis, Instituto de Biociéncias da
Universidade de S0 Paulo, Brazil.

10. Faria, GM. (1994) A floraeafaunaapicolade um ecoss stemade campo rupestre, Serrado Cipd—MG Brasil: Composi¢éo,
fenologiae suasinteracdes. PhD thesis, Instituto de Biociéncias da Universidade de Sdo Paul o, Brazil. 239p.

11. Harter, B. (1999) Bienen und ihre Trachtpflanzen im Araukarien-Hochland von Rio Grande do Sul, mit Fallstudien zur
bestdubung von Pionierpflanzen. PhD thesis, Fakultét fur Biologie de Eberhard-Karls-Universitét Tubingen.185p.

12. Hoffmann, M. (1990) Estrutura eimporténcia de umacomunidade de abel has (Hymenoptera: Apoidae) no Rio Grande
do Sul, para a polinizagéo de plantas cultivadas. PhD thesis Ciéncias Biolégicas, Universidade Federal do Parana,
Brazil. 117p.

13. Knoll, F.R.N. (1990) Abundanciarelativa, sazonalidade e preferénciasflorais deApidae) em umaareaurbana (23°33'D;
46°43' W). PhD thesis Instituto de Biociéncias da Universidade de Sdo Paulo, Brazil. 127p.

14. Martins, C.F. (1990) Estruturada comunidade de abel has (Hymn., Apoidea) na caatinga (Casanova, BA) e naChapada
Diamantina(Lengois, BA). PhD thesis|nstituto de Biociéncias da Universidade de Sdo Paulo, Brazil. 159p.

15. Sameas 14.

16. Mateus, S. (1998) Abundanciarelativa, fenologiae visita as flores pel os A poidea do cerrado da Estacéo Ecol6gicade
Jatai - Luiz Antdnio — SP. Msc thesis Faculdade de Filosofia, Ciéncias e Letras de Ribeir&o Preto - Universidade de
S&o Paulo, S.P, Brazil. 159p.

17. Pedro, S.R.M. de (1992) Sobre as abelhas (Hymenoptera, Apoidea) em um ecossistema de cerrado (Cujuru, NE do
Estado de S&o Paulo): composicéo, fenologiaevisitaasflores. Msc thesis Faculdade de Filosofia, Ciénciase Letras
deRibeirdo Preto - Universidade de S&o Paulo, S.P,, Brazil. 200p.

18. Ramalho, M. (1995) Diversidade de abel has (A poidea, Hymenoptera) em um remanescente de floresta atlanticaem Séo
Paulo. PhD thesisInstituto de Biociéncias da Universidade de S&o Paulo, Brazil. 148p.

19. Régo, M.M.C. (1998) Abelhas silvestres (Hymn. Apoidea) em um ecossistema de cerrado s.I. (Chapadinha— MA,
Brasil): uma abordagem biocendtica. PhD thesis Faculdade de Filosofia, Ciéncias e Letras de Ribeiréo Preto -
Universidade de S&o Paulo, S.P, Brazil. 203p.

20. Schlindwein, C. (1995) Wildbienen und ihre Trachtpflanzen in einer siidbrasiliani schen Buschlandschaft: Fallstudie
Guaritas, Bestaubung bei Kakteen und Loasaceen. PhD thesis, Fakultét fir Biologie der Eberhard-Karls-Universitét
Tubingen, Germany. 148p.
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21. Silveira, FA. da (1989) Abelhas silvestres (Hymenoptera: Apoidea) e suas fontes de alimento no cerrado da estacéo
florestal de experimentacéo de Paraopeba—Minas Gerais. M sc thesis daUniversidade Federal deVigosa, MG, Brazil.

22. Sofia, S.H. (1996) As abelhas e suas visitas as flores em duas &reas urbanas. PhD thesis Instituto de Biociéncias do
campusde Rio Claro, Universidade Estadua Paulista, Brazil. 236p.

23.Sameas22.

24, Taura, H.M. (1990) A comunidade de abel has silvestres (Hymenoptera, A poidea) do Passeio Publico, Curitiba, Parana,
Sul do Brasil: Uma abordagem comparativa. Msc thesis, Ciéncias Biol 6gicas, da Universidade Federal do Parana,
Brazil. 145p.

25. Viana, B.F. (1999) Biodiversidade da apifauna e flora apicola das dunas litoraneas da APA das Lagoas e Dunas de
Abageté, Salvador, Bahia— Composi¢ao, fenologiae suasinteragdes. PhD thesisInstituto de BiociénciasdaUniversidade
de S&o Paulo, Brazil. 171p.

26. Unpublished. Dataavailablefrom BFV.

27. Wilms, W. (1995) Die Bienenfaunaim K Ustenregenwald Brasiliens und ihre Beziehungen zu Bl Utenpflanzen: Fallstudie
Boracéia, Sdo Paulo. PhD thesis, Fakultét fur Biologie der Eberhard-Karls-Universitét Tubingen, Germany. 219p.

28. Aguilar, J.B.V. (1998) A comunidade de abel has (Hymenoptera: Apoidae) dareservaflorestal de Morro Grande, Cotia,
Sao Paulo. PhD thesis I nstituto de Biociéncias da Universidade de Sao Paulo, Brazil.

29. Kaminski, A.C. (2001) Abelhas visitants de trés espécies de Clusia (Clusiaceae) para coletaderesinasflorais, com
énfase en Ptilotrigona lurida (Smith 1854) (Hymenoptera, Apidae, Meliponinag), em umaflorestadeterrafirmena
Amazbnia Central. Msc thesis Biologia Tropical e Recursos Naturais do convénio INPA/UA

30. Laroca, S. (1974) Estudo feno-ecol 6gico em Apoideado litoral e primeiro planalto Paranaenses. Msc thesis, Instituto
deBiologia, daUniversidade Federal do Parana, Brazil. 64p.

31. Orth, A.l. (1983) Estudo ecol égico de abel has silvestres (Hymenoptera, Apoidea) em Cagador, SC, com enfase em
polinizadores potenciaisdaMacieiraPyrus malus (L.) (Rosaceae). Msc thesis, Ciéncias Bioldgicas, da
Universidade Federa do Parand, Brazil. 122p.

32. Machado, C.P. (2002) Diversidade e conservacdo de Apoidae. PhD thesis Instituto de Biociéncias da Universidade
de Sao Paulo, Brazil.

33. Zanella, F.C.V. (1991) Estruturadacomunidade de abel has silvestres (Hymenoptera, Apoidea) dailhado mel, planicie
litoréneaparanaense, Sul do Brasil, com notas comparativas. Msc thesis, Ciéncias Biol 6gicas, daUniversidade Federal
do Parana, Brazil. 88p.

3. Schwartz Filho, D. (1993) A comunidade de abelhas silvestres (Hymenoptera, Apoidea) da ilha das cobras (Parana,
Brasil): aspectos ecol 6gicos e biogeograficos. Msc thesis, Ciéncias Biol 6gicas, da Universidade Federal do Parand,
Brazil. 83p.

35. Hakim, J.R.C. (1983) Estudo ecoldgico da comunidade de abelhas silvestres (Hymenoptera, Apoidea) do Parque da
cidade, comparado ao de outras areas de curitiba, Parana. Msc thesis, Ciéncias Biol 6gicas, da Universidade Federal
do Parana, Brazil. 86p.

36. Albuquerque, PM.C. (1998) Abelhas silvestres (Hymenoptera, Apoidea) e suas fonts de alimento em um ecossistema
de dunas, nailhado Maranhdo, MA, Brasil: composicao, fenelogia e interacdes. Phd thesis USP Riberdo Preto, SP,
Brazil. 208p.

37. Knoll, F.R.N. (1985) Abundéanciarel ativa das abel has no campus da Universidade de S&o Paul o (23°33' D; 46°43' W),com
especial referéncia a Tetragonisca angustula Latreille. Msc thesis Instituto de Biociéncias da Universidade de Sao
Paulo, Brazil. 78p.

38. Antonini, Y. (2002) Efeitos de variaveis ecol gicas na ocorrénciade Melipona quadrifasciata (Apidae: Meliponini)
em fragmentos urbanos e rurais. Phd thesis Ecol ogia Conservacdo Manejo de Vida Silvestre, da Universidade
Federa deMinasGerais.

39. Castro, M.S. de (1994) Composicao, fenelogia e visita as flores pelas espécies de Apidae em um ecossistema de
caatinga (Nova Casa Nova— Bahia 9°26' S/ 41°50’' W). Msc thesis Instituto de Biociéncias da Universidade de Sao
Paulo, Brazil. 103p.

40. Viana, B.F. (1992) Estudo da composi ¢do dafaunade Apidae e daflorada Chapada Diamantina, Lencéis—Bahia
(12034’ S/41°23' W). M sc thesis I nstituto de Biociéncias da Universidade de Sao Paul o, Brazil. 140p.

41. Lorenzon, M.C.A., Matrangolo, C.A.R. & Schroereder, J.H. (2004) Floravisitadapel as abelhas eussociais
(Hymenoptera, Apidae) na Serrada Capivara, em Caatingado Sul do Piaui. Neotropical Entomology 32: 27-35.
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