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ABSTRACT
Information about the use of floristic resources of the immediate edges of ombrophilous forest (Atlantic 
rainforest) fragments by stingless bees is not readily available in the scientific literature. Considering the 
importance of these plant species for local guilds of stingless bees, this study aimed to identify and characterize 
the flora of the immediate borders of four Atlantic rainforest fragments situated in Baturité massif, state 
of Ceará, used as food resource by stingless bees. We studied the growth-form of the plants, the floristic 
similarity between edges and the effect of rainfall on the flowering, and suggested simple techniques for 
handling these areas. We compiled a total of 82 plant species with a predominance of tree and shrub form. 
There were different floristic richness between areas and rainfall had differentiated influence on flowering, 
according to the edge. We concluded that the florist components of the studied edges are relevant to the 
stingless bee guilds, but alternative management practices are needed to conserve both plant and bee species.
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INTRODUCTION

Over the past 40 years, knowledge of the floristic 
resources used by Brazilian native bees has been 
produced through systematic surveys of the bee 
fauna in several ecosystems. However, these 
studies have mostly been made in the Southeast and 
Southern regions, lacking information from other 
parts of the country (Freitas et al. 2009).

Among studies that report on food resources 
used by bees, including meliponines, we point 
out Cure et al. (1992), Souza et al. (1994), Faria-
Mucci et al. (2003), Gonçalves and Melo (2005), 
in southeastern and southern Brazil; and more 

recently Viana et al. (1997), Ramalho and Silva 
(2002), Locatelli et al. (2004), Milet-Pinheiro 
and Schlindwein (2008), Monteiro and Ramalho 
(2010), in northeastern Brazil.

Most of these studies were carried out in forest 
fragments usually associated with long historical 
disturbances (Viana and Pinheiro 1998, Cerqueira 
et al. 2003). The peripheral margins (edges) of 
these forest fragments suffer abrupt changes that 
affect local dynamics including gene flow among 
populations (Bierregaard et al. 1992, Viana et al. 
1992, Murcia 1995, Schneider et al. 2003).

Natural or accidental occupation by native 
plant species, as well as those of broad geographic 
distribution, is quite common at such forest edges. 
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This process, in general, is directly linked to 
the degree of matrix permeability (Cane 2001, 
Scariot et al. 2003, Ewers and Didham 2006). 
According to López-Barrera (2004), these types 
of low vegetation, composed mainly by shrubs 
and grasses have several degrees of permeability, 
ranging from abrupt to gradual. The latter allows, 
more intensively, a return of several groups of 
animals to this matrix range. Maciel et al. (2011) 
describe these areas as places where several species 
can establish, mainly herbs and shrubs requiring 
high luminosity and that present high capacity of 
vegetative regeneration and seed dispersal.

Studies on the phenological aspects of the flora 
found in forest fragments in Brazil have shown that 
the periodicity of the phenophases are more clearly 
established in environments where the weather 
seasonality is well defined (Morellato et al. 1989, 
1990, Morellato and Leitão-Filho 1990, Talora and 
Morellato 2000). In such a situation, blooming 
periods generally depend upon the alternation of 
seasons; and the temporal levels of humidity are 
the main drivers to define these blooming periods.

Despite the lack of studies specifically on the 
role of forest edge flora to the stingless bees foraging 
resources, some studies made in Brazil with native 
grasslands (Gonçalves and Melo 2005, Gonçalves 
et al. 2009) and rainforest fragments (Antonini et al. 
2003) showed a positive relationship between the 
surrounding flora and stingless bees, mainly those 
species less demanding for food resources. There 
is a need for more studies in order to understand 
the stingless bees’ foraging performance in the 
forest edges.

To investigate this issue we conducted a 
floristic survey in the immediate edges of four 
forest fragments located in the Baturité massif in 
order to: i) characterize and record, the growth-
form of the plant species supplying food resources 
for stingless bees, in order to know the structure 
of this community botany; ii) identify floristic 
similarities among the studied areas to check for 

differences in the richness of the flora of each area; 
iii) record the influence of rainfall on the number 
of species in bloom, to get an idea of the food 
supply throughout the year; iv) suggest simple 
management measures for these edge areas in order 
to ensure the preservation of plant and bee species.

MATERIALS AND METHODS

STUDY AREA

The study was carried out in the Baturité massif, 
geographic coordinates 4°-4° 30’ S 38° 45’-39° 15’ 
W, position NNE-SSW, located in the northeastern 
part of the state of Ceará, 70 km from the coast. This 
massif possesses a more humid windward side and a 
less humid lee side, which faces towards the interior 
(Gomes 1978, UFC/FUNCEME 1994, Souza 1997). 
The local climate is classified, according to Köppen’s 
classification, as AW’ (SEMACE 1992), with mean 
annual rainfall between 1100-1700 mm, and mean 
temperature below 24°C, depending on altitudinal 
level (Nimer 1977, SUDENE 1982, FUNCEME 
2010, INMET 2010). There are two main vegetation 
types that belong to the Atlantic rainforest Domain 
(Figueiredo and Barboza 1990, Fernandes 1998) 
which are named ombrophilous montane forest and 
seasonal semideciduous montane forest (Veloso et 
al. 1991). The former occurs only on the windward 
side and on the top, at altitudes above 600 m, while 
the latter occupies areas below 600 m, on the same 
side. On the lee side, above 600 m, the seasonal 
deciduous montane forest occurs and below 500-
600 m a thorny deciduous vegetation identified as 
“caatinga arbórea” prevails (Fernandes 1998).

In our study areas, we identified two basic 
landscape units: the forest fragments and the 
anthropogenic matrix which has been without 
agricultural use for the last 30 years, although 
occasional animal husbandry occurs.

Our study was carried out in Baturité, 
Guaramiranga and Mulungu municipalities, in four 
out of six fragments previously studied by Araújo et 
al. (2006a, b). These were named F1, F2, F3 and F4. 
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The geographic location and characteristics of each 
site are as follows:

F1 (4°12’24.3’’ S and 38°58’14.1’’ W), at 
Sítio Lagoa, ombrophilous montane forest, on the 
windward side, 20.61 ha, at altitudes 1015-1114 m, 
municipality of Guaramiranga.

F2 (04°15’16.0’’ S and 38°59’31.5’’ W), at Sítio 
Salva-Vidas, seasonal deciduous montane forest, 
15.97 ha, on the lee side, at altitudes 670-690 m, 
municipality of Guaramiranga.

F3 (04°16’57.1’’ S and 39°00’01.1’’ W), at 
Sítio Jardim, seasonal deciduous montane forest, 
26.45 ha, on the lee side, at altitudes 780- 790 m, 
municipality of Mulungu.

F4 (04°18’08.35’’ S and 38°54’46.0’’ W), at 
Sítio Labirinto dos Taveiras, ombrophilous montane 
forest, 6.30 ha, on the windward side, at altitudes 
660- 680 m, municipality of Baturité.

In order to better represent massif vegetation, we 
selected two fragments of two vegetation types on each 
mountain side. We used only the immediate edges of 
these fragments named E1, E2, E3 and E4. The edge 
E1 was 600 m long and width varied between 1 to 2 
m, E2 was 400 m long and width varied between 2 and 
10 m, E3 was 600 m long and width between 1 to 2 
m and E4 was 400 m long and width between 1 to 2 
m. The four edges summed up 1.11 ha. The vegetation 
found in the four edges showed the same patterns: low 
vegetation, bushy-herbaceous composition and variable 
degrees of permeability. Arboreal species, remnants of 
their respective forest fragments, were also present in 
punctual distribution throughout these edges.

DATA COLLECTION AND ANALYSES

Field work was carried out monthly from March 2008 
to August 2009. Botanical material was collected along 
a transect walked for one hour, twice in the morning 
and twice in afternoon shift, between 7 and 17 h. 
Therefore, all edges were sampled for four hours per 
day, totaling 72 h per edge during the whole study. 
In all edges, we sampled solely plants that stingless 
bees used for pollen or nectar, by direct observation of 

these bees foraging on the open flowers (Menezes et 
al. 2007). Each plant was observed for approximately 
five minutes before it was harvested. Only fertile 
branches containing buds and open flowers were 
vouchered following Fidalgo and Bononi (1989).
Vouchers were deposited in the Prisco Bezerra 
Herbarium (EAC) of Universidade Federal do 
Ceará, in Fortaleza (collector numbers refer to L. 
W. Lima-Verde and J. R. Lima).

To identify plant species, we consulted literature 
and the EAC Herbarium collection. Species and 
authors names were written in accordance with 
Brummitt and Powell (1992) and W3TROPICOS 
(2010). Families were classified according to the 
Angiosperm Phylogeny Group (APG) III (Bremer 
et al. 2009).

Plants were classified into four growth-form 
according to Whittaker (1975): herbs, shrubs, 
climbing (woody and herbaceous) and trees.

Data were organized in a binary matrix (presence/ 
absence) of the sampled species so as to evaluate the 
degree of association between floristic composition 
at the edges and the influence of rainfall gradients 
on the number of flowering species. To interpret the 
floristic composition at edges, we used a similarity 
coefficient (Jaccard index ≥ 0,50, Kent and Coker 
1992) and a cluster analysis (UPGMA), using 
Estimate S (Colwell 2006) and Biodiversity Pro 
version 2.0 (McAleece 1997). Pearson’s correlation 
(P ∈ [- 1, 1], Zar 1984) was used to test the rainfall 
effects on species flowering using the software R 
(R Development Core Team 2010).

The seasonality of floristic resources was 
plotted as a function of monthly mean rainfall for 
each municipality. We considered a period of 12 
months (January-December), to define the two local 
well-marked seasons: the wet season (November-
June) and the dry season (July-October). In this case 
we used the data pertaining to rainfall from March 
to December 2008 and January to February 2009. 
Historical monthly rainfall ranges were recorded 
for 1974-2010 (FUNCEME 2010, INMET 2010).
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RESULTS

TAXONOMIC PATTERN IN THE FLORA

In all study areas we recorded a total of 82 plant 
species, 72 genera and 33 families used as food 
resource by stingless bees (Table I). Five species 
were identified only at the genus level.

At the edge of each study area, we recorded 
32 species, 30 genera and 18 families in E1; 25 
species, 25 genera and 16 families in E2; 36 species, 
32 genera and 18 families in E3; and 16 species, 16 
genera and 11 families in E4.

The most common botanical families whose 
species were used by stingless bees in the four edges 

Families/species Edge Growth-form Flowering period
Amaranthaceae
Alternanthera brasiliana (L.) Kuntze E2 herb Jul/Aug
Irecine cf. diffusa Humb. Bonpl. ex Willd. E1 shr Jul/Sep
Amaryllidaceae
Hippeastrum stylosum Herb. E1 herb Oct
Anacardiaceae
Myracrodruon urundeuva Allemão E2 arb Sep
Spondias mombin L. E3 arb Dec/Jan
Annonaceae
Xylopia frutescens Aubl. E4 arb Mar
Apocynaceae
Forsteronia glabrescens Müll. Arg. E1 cli Oct/Nov
Mandevilla scabra (Hoffmann. ex Roem. & Schult.) K. Schum E4 cli May/Jul
Peltastes peltatus (Vell.) Woodson E1 cli Nov
Araliaceae
Oreopanax capitatus (Jacq.) Decne. & Planch. E1 arb Nov
Asteraceae
Baccharis sp. E1 shr Nov/Dec
Bidens bipinnata L. E2, E4 herb May/Jun
Cosmus caudatus Kunth E2, E3 herb May/Jul, May/Jun
Trichogoniopsis adenantha (DC.) R. M. King & H. Rob. E2 shr May/Jun
Verbesina diversifolia DC. E1 shr Mar/Jun
Vernonanthura brasiliana (L.) Druce E1, E2, E3 shr Nov/Dec, Aug/Jan, Jun/Dec
Vernonia scorpioides (Lam.) Pers. E1, E4 shr Aug/Sep, Mar/Apr
Wedelia scaberrima Benth. E2, E3 shr Feb/May, Mar/May
Begoniaceae
Begonia sp. E1 herb Mar/May
Arrabidaea cf. limae A. H. Gentry E1 cli Nov/Dec
Banisteriopsis lutea (Griseb.) Cuatrec. E3 cli Oct
Fridericia sp. E2, E3 cli Nov/Dec, Oct/Nov
Mansoa sp. E3 cli Jun/Jul

TABLE I
Plant species used by stingless bees in four fragment edges of Atlantic rainforest at 

Baturité massif, state of Ceará, Brazil. E1 = Sítio Lagoa, ombrophilous montane forest 
(windward); E2 = Sítio Salva-Vidas, seasonal deciduous montane forest (leeward); 

E3 = Sítio Jardim, seasonal deciduous montane forest (leeward); E4 = Sítio Labirinto 
dos Taveiras, ombrophilous montane forest (windward). Habit (herb = herbaceous, 
shr =shrubby, cli = climbing, arb = arboreal), flowering period (Jan = January, Feb 
= February, Mar = March, Apr = April, May = May, Jun = June, Jul = July, Aug = 

August, Sep = September, Oct = October, Nov = November, Dec = December).
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Families/species Edge Growth-form Flowering period
Bixaceae
Cochlospermum vitifolium (Willd.) Spreng. E2 arb Aug/Sep
Boraginaceae
Cordia trichotoma (Vell.) Arráb. ex Steud. E2, E3 arb Jun/Aug, Jun/Jul
Caparaceae
Cynophalla flexuosa (L.) J. Prersl E2, E3 arb Nov/Dec, Nov/Dec
Convolvulaceae
Ipomoea hederifolia L. E3 cli Jul
Jacquemontia nodiflora (Desr.) G. Don E3 cli Jun/Jul
Merremia aegyptia (L.) Urb. E3 cli Jun/Jul
Curcubitaceae
Momordica charantia L. E3 cli Jul/Aug
Cyperaceae
Killinga odorata Vahl E3 herb Mar/Jun
Euphorbiaceae
Croton argyrophylloides Müll. Arg. E3 shr Mar/Apr
Croton blanchetianus Baill. E2, E3 shr Feb/Mar, Mar/Apr
Manihot glaziovii Müll. Arg. E4 arb Dec/Mar
Fabaceae
Albizia polycephala (Benth.) Killip. ex Record E4 arb Mar/Apr
Anadenanthera colubrina (Griseb.) Altschul var. cebil E2 arb Dec/Jan
Bauhinia aromatica Ducke E3 cli Apr/May
Bauhinia outimouta Aubl. E1 cli Oct/Nov
Cassia ferruginea (Schrad.) Schrad. ex DC. var. ferruginea E1 arb  Dec/Feb
Chamaecrista zigophylloides (Taub) H. S. Irwin & Barneby E3 shr  Apr/May
Inga bollandii Sprague & Sandwith E1 arb Sep/Nov
Inga ingoides (Rich.) Willd. E4 arb Sep/Oct
Inga marginata Willd. E1 arb Sep/Oct
Libidibia ferrea var. parvifolia (Benth.) L. P. Queiroz E3 arb Nov/Jan
Mimosa arenosa (Willd.) Pior. E2 shr  May/Jun
Piptadenia stipulacea (Benth.) Ducke E2, E3 arb Nov/Dec, Dec/Jan
Piptadenia viridiflora (Kunth) Benth. E3 arb Sep/Oct
Senagalia polyphylla (DC.) Britton & Rose E2, E3 arb Feb/Mar, Jan/Feb
Senna georgica H. S. Irwin & Barneby var. georgica E1 shr Jun/Dec
Senna splendida H. S. Irwin & Barneby var. gloriosa E3 shr Jul/Sep
Senna uniflora (P. Miller) H. S. Irwin & Barneby E2, E3 shr May/Jun, May/Jul
Heliconiaceae
Heliconia psittacorum L. f. E4 herb Mar/Nov
Hypericaceae
Vismia guianensis (Aubl.) Pers. E4 arb Dec/Jan
Hippocrateaceae
Hippocratea volubilis L. E1 shr Nov
Malvaceae
Sida rhombifolia L. E4 shr May/Jun
Waltheria indica L. E2, E3 shr Jun/Aug, Jun/Aug
Marcgraviaceae
Norantea guianensis Aubl. E1 cli Dec/Jan
Melastomataceae
Clidemia hirta (L.) D. Don E4 shr May/Jun

TABLE I (continuation)
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TABLE I (continuation)

Families/species Edge Growth-form Flowering period
Miconia cecidophora Naudin E4 arb Mar/Apr
Tibouchinia multiflora (Gardner) Cogn E1 shr Oct/Dec
Mytaceae
Campomanesia dichotoma (O. Berg) Mattos E1, E4 arb Jan/Feb, Dec
Mytaceae
Myrcia multiflora (Lam.) DC. E2 arb Oct/Nov
Myrcia splendens (Sw.) DC. E1, E4 arb Oct/Nov
Eugenia sp. E1, E3 arb Jan/Feb, Mar/Apr
Nyctaginaceae
Neea obovata Spruce ex Heimerl E2, E3 arb Jan/Feb, Oct
Plantaginaceae
Scoparia dulcis L. E1, E3 shr Mar/Jul, Feb/Jul
Polygalaceae
Polygala paniculata L. E2 herb Jun/Jul
Rubiaceae
Alseis floribunda Schott E2, E3 arb Jan, Apr/May
Palicourea marcgravii A. St.-Hil. E4 shr Mar/Apr
Spermacoce verticillata L. E1, E2, E3, E4 shr May/Oct, May/Aug, Mar/Aug, May/Sep
Salicaceae
Banara guianensis Aubl. E1 arb Jan/Fev
Casearia silvestris Sw. E1 arb Dec
Xylosma ciliatifolium (Clos) Eichler E1 arb Dec
Solanaceae
Acnistus arborescens (L.) Schltdl. E1 shr Apr/Nov
Solanun baturitense Huber E3 shr Jan/Dez
Solanum caavurana Vell. E1 shr Nov/Dec
Solanum paniculatum L. E1, E2, E3 shr Jun/Jan, Jan/Dec
Thymeliaceae
Daphnopsis racemosa Griseb. E1 shr Nov/Dec
Verbenaceae
Lantana canescens Kunth E3 shr Mar/Apr
Vitex triflora Vahl E3 arb Dec

were Fabaceae (11 genera and 17 spp.) and Asteraceae 
(8 genera and 8 spp.), followed by Bignoniaceae (4 
genera and 4 spp.), Myrtaceae (3 genera and 4 spp.), 
Solanaceae (2 genera and 4 spp.), Apocynaceae 
(3 genera and 3 spp.), Convolvulaceae (3 genera 
and 3 spp.), Euphorbiaceae (2 genera and 3 spp.), 
Salicaceae (3 genera and 3 spp.) Melastomataceae 
(3 genera and 3 spp.) and Rubiaceae (3 genera and 3 
spp.). It is worth mentioning that we did not record 
Asteraceae in E4. These families represented 67.07% 
of the species visited by stingless bees.

The seven most species-rich genera were 
Senna, Inga, Solanum, Croton, Bauhinia, Piptadenia 

and Myrcia. The first three genera had three species 
each, while the remaining had two species each 
(Table I).

FOOD SUPPLY PATTERN

The plant species Spermacoce verticillata 
(Rubiaceae), Libidibia ferrea (Fabaceae), Serjania 
lethalis (Sapindaceae) Vernonanthura brasiliana 
(Asteraceae), Cynophalla flexuosa (Capparaceae), 
Senna splendida (Fabaceae) and Wedelia scaberrima 
(Asteraceae), offered most of the food resource to 
a total of 20 stingless bee species recorded (L.W. 
Lima-Verde and B.M. Freitas, unpublished data). 
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Figure 2 - Dendrogram of floristic similarity between four 
fragment edges of the Atlantic rainforest at Baturité massif, 
state of Ceará, Brazil. E1 = Sítio Lagoa, ombrophilous montane 
forest (windward); E2 = Sítio Salva-Vidas, seasonal deciduous 
montane forest (leeward); E3 = Sítio Jardim, seasonal 
deciduous montane forest (leeward); E4 = Sítio Labirinto dos 
Taveiras, ombrophilous montane forest (windward).

S. verticillata occurred in all areas and offered 
resources to 60% (12 spp.) of visitors. L. ferrea 
occurred only in E3 and was visited by 35% (7 
spp.) of the bees. S. lethalis and V. brasiliana 
recorded in E1 and E3, and E1, E2 and E3, 
respectively, were visited by 30% (6 spp.) of the 
bee species. C. flexuosa occurred in E2 and E3 and 
offered resources to 25% (5 spp.) of the bees. S. 
splendida (E3) and W. scaberrima (E2 and E3), 
offered, each one, resources to 20% (4 spp.) of the 
meliponine bees.

GROWTH-FORM PATTERN OF FLORA

Trees and shrubs were the predominant growth-
form in the edges studied, however in E3 the 
climbing plant richness matched that of the trees, 
both with ten species (Fig. 1).

FLORISTIC SIMILARITY

The cluster analysis among the flora of all edges 
ranged from 2.04% to 31.11% for the Jaccard index 
(Table II).

The dendrogram of similarity among the edges 
(Fig. 2) formed two groups. Clearly, this was more 
related to vegetation typologies and to the mountain 

Figure 1 - Number of plant species per growth-form in four 
fragment edges of the Atlantic rainforest at Baturité massif, state 
of Ceará, Brazil. H = herbaceous; S = shrubby; C = climbing; 
A = arboreal. E1 = Sítio Lagoa, ombrophilous montane forest 
(windward); E2 = Sítio Salva-Vidas, seasonal deciduous 
montane forest (leeward); E3 = Sítio Jardim, seasonal deciduous 
montane forest (leeward); E4 = Sítio Labirinto dos Taveiras, 
ombrophilous montane forest (windward).

TABLE II
Floristic similarity and distance (km) between four 

fragment edges of Atlantic rainforest at Baturité 
massif, state of Ceará, Brazil. E1 = Sítio Lagoa, 
ombrophilous montane forest (windward); E2 = 

Sítio Salva-Vidas, seasonal deciduous montane forest 
(leeward); E3 = Sítio Jardim, seasonal deciduous 

montane forest (leeward); E4 = Sítio Labirinto dos 
Taveiras, ombrophilous montane forest (windward).

Fragment 
Edge Jaccard’s Coefficient (%) Distance (km)

E1 x E2 5.55 3.23
E1 x E3 10.00 9.01
E1 x E4 9.09 3.96
E2 x E3 31.11 5.79
E2 x E4 5.13 10.27
E3 x E4 2.04 12.36

sides (on the windward ombrophilous montane 
forest, for E1 x E4, and on the leeward seasonal 
semideciduous montane forest, for E2 x E3).

The pattern of flora distribution in the study 
areas also showed that only S. verticillata, Solanum 
paniculatum and V. brasiliana (3.66% of the total 
recorded species) occurred in at least three edges, 
suggesting a high plasticity of these species in relation 
to geographical location. A total of 28.05% of species 
(23 spp.) were present at only two edges and 68.29% 
(56 spp.) were unique to an edge (Table I).
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FLOWERING VERSUS RAINFALL

Analysis of the number of flowering species related 
to annual rainfall also showed somewhat different 
features in the study areas (Figs. 3 and 4).

In E1, there was a negative correlation (r = 
- 0.68; p = 0.01). In E2, results were not statistically 
significant, with a low correlation (r = 0.18; p = 0.58). 
In E3 and E4 correlations were highly positive 
(r = 0.64, p = 0.02 r = 0.71, p = 0.009, respectively), 
especially in E4.

Regarding flowering periods, we found that 
the fragment edges had suites of species with an 
overlapping flowering sequence, which can offer 
resources to bees through the year.

Edge E1: Norantea guianensis (December-
February), Scoparia dulcis (March-July), Acnistus 
arborescens (April-November), Spermacoce 

verticillata (May-October), Inga bollandii (September-
November), Vernonanthura brasiliana (November-
December), Serjania lethalis (November-December).

Edge E2: Cardiospermum corindum (January-
December), Senegalia poliphylla (February-March), 
Wedelia scaberrima (February-May), Spermacoce 
verticillata (May-August), Capparis flexuosa 
(November-December), Anadenathera colubrina 
(December-January), Vernonanthura brasiliana 
(August-January).

Edge E3: Scoparia dulcis (February-July), 
Wedelia scaberrima (March-May), Spermacoce 
verticillata (March-August), Senna uniflora (May-
July), Vernonanthura brasiliana (June-December), 
Senna splendida (July-September), Serjania lethalis 
(October-December), Capparis flexuosa (November-
December), Spondias mombin (December-January).

Figure 3 - Dendrogram of dispersion and flowering chronology of the plant species surveyed at edges E1 and E2 of the Atlantic 
rainforest at Baturité massif, state of Ceará, Brazil. R = Rain; F = Flowering species. Rains from March to December 2008 and 
from January to February 2009, based on the historical average from 1974 to 2010. E1 = Sítio Lagoa, ombrophilous montane forest 
(windward); E2 = Sítio Salva-Vidas, seasonal deciduous montane forest (leeward).
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Figure 4 - Dendrogram of dispersion and flowering chronology of the plant species surveyed at edges E3 and E4 of the Atlantic 
rainforest at Baturité massif, state of Ceará, Brazil. R = Rain; F = Flowering species. Rains from March to Dezember 2008 and 
from January to February 2009, based on the historical average from 1974 to 2010. E3 = Sítio Jardim, seasonal deciduous montane 
forest (leeward); E4 = Sítio Labirinto dos Taveiras, ombrophilous montane forest (windward).

Edge E4: Manihot glaziovii (December-March), 
Heliconia psittacorum (March-November), Albizia 
polycephala (March-April), Miconia cecidophora 
(March-April), Spermacoce verticillata (May-
September), Inga ingoides (September-October), 
Myrcia splendens (October-November).

DISCUSSION

TAXONOMIC PATTERN AMONG THE FLORA

Our results showed a wide range of trophic sources 
for stingless bees, owing to high floristic diversity 
(82 species, 72 genera and 33 families).

Our findings are similar to those few studies 
on plant species important as food resources to the 
bees from Atlantic forest in this portion of Brazil 
(Milet-Pinheiro and Schlindwein 2008, 87 species, 
76 genera and 38 families; and Locatelli et al. 

2004, 63 species, 50 genera and, 29 families). In 
addition, in this same region, our results are also in 
agreement with Oliveira et al. (2006), who studied 
edges with types of low vegetation (“capoeira”) 
(90 species, 74 genera and 74 families).

Among the eleven most common botanical 
families whose species were used by stingless bees, 
Fabaceae and Asteraceae had the largest number 
of species. Fabaceae also had the most species-
rich genera, such as Senna, Inga, Bauhinia and 
Piptadenia (Table I).

These two families stand out in several studies 
in tropical region, due to their wide geographic 
distribution and the considerable number of 
species among the Angiospermae Cronquist 1981). 
In Brazil, this pattern of richness has also been 
reported in many ecosystems through floristic and 
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hymenopteran surveys (e.g.: Viana et al. 1997, in 
the Cerrado, Aguiar 2003, in the Caatinga, Faria-
Mucci et al. 2003, in the Campos Rupestes, Viana 
and Kleinert 2006, in the Restinga, Locatelli et al. 
2004 and Milet-Pinheiro and Schlindwein 2008, in 
the Atlantic Forest Domain).

FOOD SUPPLY PATTERN

The most important species that offer food 
resources to stingless bees (S. verticillata, L. ferrea, 
S. lethalis, V. brasiliana, C. flexuosa, S. splendida, 
W. scaberrima) must initially be taken into account 
when managing these areas.

In forest patch edges in the Baturité massif, 
these species are believed to ensure the maintenance 
of several species of local stingless bees as well as 
enabling, in part, a successful local meliponiculture.

Among these seven species mentioned above, 
S. verticillata is noteworthy for being the most 
important for the stingless bees. Its spectrum of 
flowering ranged from four to six months between 
March and October, at the edge of each forest 
fragment, showing therefore, a period of supply 
of food resources, both in the months of highest 
rainfall, as those less rainy in Baturité massif. 
S. verticillata has also presented a considerable 
adaptive plasticity to habitat and soil types at 
different levels of degradation, showing how their 
subjects are rustic to the diversity of the medium. 
Studies in similar Brazilian ecosystems with bees 
census (Wilms et al. 1996, Gonçalves and Melo 
2005, Viana et al. 2006) also showed the importance 
of S. verticillata for this group of Hymenoptera.

GROWTH-FORM PATTERN OF THE FLORA

Owing to the criteria used for definition of edges, 
the shrub and arboreal growth-form were prevalent 
(Fig. 1), both for having the highest species richness 
at the immediate edges and for distribution in the 
rest of the matrix.

In the field it was observed that the shrub 
species were more or less enclosed space edges 

with a higher degree of degradation. Studies such 
as Bierregaard et al. (1992) and Murcia (1995) 
show that the transformations undergone by 
these environments radically alter levels of light, 
humidity, temperature and air currents. In this case, 
the structure and species richness of vegetation 
edge depend heavily on the type of surrounding 
matrix and the edge effect.

In summary, the successful occupation of these 
areas by species groups are associated with different 
abiotic conditions of the edges and consequently 
with greater or lesser difficulty of dispersal of 
propagules of some species (Scariot et al. 2003).

In general, species of degraded fragments forest 
are characterized by the requirement in brightness 
due to its high regeneration capacity and dispersion 
vegetative propagules (Maciel et al. 2011).

The environmental conditions of the collection 
sites also seem to bring different responses to the 
predominance of growth-forms. Studies of Locatelli 
et al. (2004) and Milet-Pinheiro and Schlindwein 
(2008) demonstrated this possibility by recording 
the herbaceous growth-form was prevalent in the 
first study, and herbaceous and shrub were more 
predominant in the second.

FLORISTIC SIMILARITY

Our data showed a considerable degree of hete-
rogeneity in the floristic compositions (Table I), 
which was evidenced by the low values in the 
cluster analysis (Jaccard’s index).

In Table I, we note that the distances between 
edges did not significantly account for floristic 
similarity among them. However, vegetation type 
explained better this floristic similarity in all areas. 
Groupings E1 x E4 and E2 x E3 (Fig. 2) were 
defined, respectively, by their vegetation types 
(ombrophilous montane forest and the seasonal 
semideciduous montane forest) and, consequently, 
by mountain side orientation (windward or leeward).

The difference in species number between 
areas may be associated with the conservation 
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status and with matrix permeability. The matrix 
characteristics are usually related to the degree of 
disturbance, to inadequate soil management, to a 
greater or lesser light incidence, as well as to the 
size of the area (Cane 2001, Scariot et al. 2003, 
Ewers and Didham 2006).

However, one must consider local topoclimatic 
factors. Gentry (1982, 1988) and Murphy and Lugo 
(1986) verified, in neotropical forest fragments, 
that the greatest plant species richness is positively 
correlated with the levels of annual rainfall 
and climate seasonality. As for Baturité massif 
remnants, Araújo et al. (2006b) found that an 
increase in floristic richness was correlated with the 
elevation of the altitudinal gradient. This floristic 
richness could also be related with the local rainfall 
gradient, which, according to Nimer (1989), in 
mountains like Baturité massif increases with 
increasing altitude.

We also noted that species richness was 
correlated to climatic and altitudinal conditions. In 
E2, located between 670 and 690 m, we recorded 
25 species, while in E3 (780-790 m) we recorded 
36 species. We found similar results in E1 (1015- 
1114 m) and E4 (660-680 m) where we recorded 32 
and 16 species, respectively.

FLOWERING VERSUS RAINFALL CORRELATION

All the edges showed different magnitudes with 
relation to the number of flowering species as 
indicated by Pearson’s coefficients (Figs. 3 and 4).

In E1, there was a high negative correlation 
(r = - 0.68), thus showing a low number of flowering 
species during the period of greater rainfall. In 
this case, the flowering peak occurred between 
September and January, during the dry season.

In E2, the low positive correlation was not 
statistically significant and seems to indicate that 
in this area the flowering season is more evenly 
distributed throughout the year. However, we found 
that the flowering peak tended to occur between 
May and August, when rainfall began to decrease.

In the last two areas (E3 and E4), the corre-
lations were high and positive (r = 0.64 and r = 0.71, 
respectively), which indicates that the number of 
flowering species responded better to annual rainfall. 
The number of flowering species decreased as rainfall 
decreased. For these edges a second flowering peak 
occurred, chiefly in the last months of the year.

Numerous environmental factors may be opera-
ting in these areas, however, those related to climate 
and topography are more easily perceptible to the 
conditions of the Baturité massif as the observations 
of Araújo et al. (2006a, b).

In Brazil, phenological studies covering all 
aspects of the flora of forest types, such as Atlantic 
forest, have shown that in environments with 
seasonally defined climates, the flowering periods 
of most species generally depend on the alternation 
of seasons (Morellato et al. 1989, 1990, Morellato 
and Leitão-Filho 1990, Talora and Morellato 2000). 
These species depend, therefore, on climatic factors, 
mainly related to the humidity and temperature, to 
trigger their phenophases of flowering.

SUGGESTIONS FOR MANAGEMENT

Maintenance of forest or remnant forest patch 
edges under proper management conditions would 
enable in situ biological conservation, especially 
benefiting meliponine bees, as well as other 
pollinators.

Antonini et al. (2003) indicate the need for 
maintaining the successional vegetation around 
forest fragments as an essential preservation measure 
for bees in general. On the other hand, Britez et al. 
(2003) highlight that when planning management 
activities around forest fragments, one must consider 
the landscape itself, proper management techniques, 
monitoring diagnostics of the flora and fauna, water 
resources and the physical environment.

At present, the main issue study areas is human 
and animal trampling, especially cattle, which 
has a seasonal grazing schedule. In this case, it is 
important that we develop some techniques for 
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environmental protection to be used on the occasion 
of procedures for monitoring these areas.

A simple and practical suggestion, in confor-
mity with López-Barrera (2004), is to try to conserve 
these areas as important wildlife and wild land 
preserves in the category of low vegetation, with 
soft permeability and high light incidence. Such 
measures would maintain these edges in this status 
quo, so that more effective preservation measures, 
such as ecological corridors or connecting isolated 
patches, can be established and benefit these forest 
fragments as a whole.

CONCLUSIONS

The large number of Meliponina species which 
visited the flowers of plant species occurring at the 
forest fragment edges proves the importance of this 
flora as a trophic resource for the stingless bees in 
the Baturité massif.

Forest fragment edges in the Baturité massif 
constitute an ample spectrum of trophic resources 
to a degraded environment providing 82 plant 
species visited by Meliponina bees.

The species Spermacoce verticillata, Libidibia 
ferrea, Serjania lethalis, Vernonanthura brasiliana, 
Cynophalla flexuosa, Senna splendida and Wedelia 
scaberrima outstand the others as providers of food 
resources to the stingless bees and S. verticillata can 
be considered the most important of them, both for 
its plasticity being preset in the four studied edges, 
as well as for offering resources for 12 out of the 20 
Meliponina species present in the area.

Despite occurring in the same massif formation, 
the four forest fragment edges bear heterogeneous 
flora, suggesting a differentiated geographic distri-
bution of these plant species in the edges studied.

The distinct effects of rain levels on the 
blooming of plant species found at each fragment 
edge determines how flowering phenology takes 
place in these areas and also shows how each floristic 
component presents its temporal alternative of trophic 
resources to the guilds of local stingless bees.
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RESUMO

Informações sobre o uso dos recursos florísticos de 
bordas imediatas de fragmentos de floresta atlântica 
pelas abelhas sem ferrão não estão facilmente 
disponíveis na literatura científica. Considerando a 
importância dessas espécies vegetais para as guildas de 
meliponíneos locais, este estudo objetivou identificar 
e caracterizar a flora das bordas imediatas de quatro 
fragmentos florestais de mata atlântica situados no 
maciço de Baturité, no estado do Ceará, usada como 
recurso alimentar pelas abelhas sem ferrão. Estudamos 
as formas de crescimento das plantas, a similaridade 
florística entre bordas, os efeitos da pluviosidade sobre 
a floração e sugerimos técnicas simples para o manejo 
dessas áreas. Compilamos um total de 82 espécies 
vegetais, com predominância das formas arbóreas e 
arbustivas. Houve diferença na riqueza florística entre 
as áreas e a pluviosidade teve influência diferenciada 
sobre a floração, de acordo com a borda. Concluímos 
que os componentes florísticos das bordas estudadas 
são importantes para as guildas de abelhas sem ferrão, 
mas, práticas alternativas de manejo são necessárias 
para conservar as espécies vegetais e as abelhas.

Palavras-chave: floresta decídua, florística, habitat 
fragmentado, abelha sem ferrão, recurso trófico.
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