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AbsTrACT. The protocols available to sustainably exploit natural 
forest resources are known as “sustainable forest management”. This 
type of management generally does not take into account the effect of 
timber exploitation on pollinators. Stingless bees, which include many 
species that play an important role as pollinators and are quite diverse 
in the Amazon, preferentially make their perennial nests in the base of 
hollow trees. Normally, during sustainable exploitation of trees, hollow 
trees are not cut down; however, predatory exploitation of such trees 
could severely affect natural populations of this pollinator group. 
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Hollow trees and stingless bees

Since the tropical forests of Asia have been exhausted, the Amazon has become the focus 
of attention for the scientific community, conservationists and for the industries that commercialize 
tropical wood worldwide. To increase the exportation of wood without causing irreversible damage 
to the remaining forests is a considerable challenge. After Russia, Brazil has the largest area of for-
ests (more than double the area Canada has, the third in ranking), with more biomass in these for-
ests than any other country (FAO, 2001). There are strong reasons for the Brazilian wood industry 
to participate in international markets, especially when such a demand would increase efficiency 
and reduce negative social and environmental impacts. The social, economical and environmental 
chaos in the forest sector in Southeast Asia (Macqueen, 2004) is a good example of what happens 
when a rise in production is ill planned.

Currently, protocols are available to exploit natural forest resources in a sustainable way, 
known as “sustainable forest management”. In principle, this involves modern forestry techniques, 
combined with the monitoring of economically important species, using parameters such as tree 
distribution and diameter. However, this type of management generally does not take into account 
other biological aspects of forests (e.g., its effect on natural pollinators). The cutting of lianas, 
which serves to improve the growth of the selected species and to reduce damage to nearby trees in 
case the selected tree is cut down, is one such type of handling (Vidal et al., 1997). Clearly, this type 
of management has an important impact on pollinators because many lianas are excellent nectar 
suppliers, flowering in the forest canopy. Many bees, especially the larger species, nourish on liana 
flowers. These bees that fly over the canopy and travel long distances are important for cross pol-
lination and plant gene flow, fundamental elements for maintaining genetic diversity.

Studies by Bawa (1974, 1990), in tropical rain forests of Central America, show that 
about 98% of all plants depend on pollination driven by animals. Different from forests in temper-
ate regions, wind pollination is relatively uncommon. Vertebrates, such as birds, bats and other 
non-flying mammals can be pollen vectors (Faegri and van der Pijl, 1979; Pesson and Louveaux, 
1984; Proctor et al., 1996); but most animal-pollinated plants make use of invertebrates (Kress and 
Beach, 1994). Within the group of invertebrates, bees play a major role (Janzen, 1967; Frankie, 
1975; Bawa et al., 1985; Frankie et al., 1976, 1983, 1990; Bawa, 1990; Endress, 1994; Momose 
et al., 1998). The role of the Apoidea in pollination is even more noticeable when we consider the 
trees that constitute the canopy and the middle stratum. These trees not only comprise almost all 
species exploited by the timber industry, but they are also auto-incompatible, which means they 
need vectors to transfer pollen from one tree to another, sometimes over great distances (Bawa et 
al., 1985; Bawa, 1990; Renner and Feil, 1993; Kress and Beach, 1994). 

Stingless bees are highly eusocial insects that live in colonies varying from hundreds up to 
several thousands of individuals (Sakagami, 1982). After insemination and the start of egg-laying, 
the queen’s abdomen becomes enlarged (physogastric), which implies that she will not be able to 
fly anymore and will stay in the same colony as long as she lives. Consequently, colonies are peren-
nial, and occupy the same hollow through various generations. Obviously, the continuous removal 
of trees with a diameter larger than 50 cm will, over the medium to long run, negatively affect the 
density of stingless bee’s nests. The consequent lower density of bees will affect the reproductive 
biology of many tree species; the decline of pollinator populations will result in a reduced seed 
set.

Stingless bees are a diversified group, with their greatest diversity and abundance in the 
Amazon region (Michener, 2000). They are among the most frequent visitors of flowers of tropical 
trees in Asia, both in the canopy and in the understory (Momose et al., 1998); their importance for 
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pollination in agricultural and natural pollination has already been demonstrated for several species 
(Heard, 1999; Maués, 2001; Venturieri, 2000, 2003; Slaa et al., 2006). 

This group uses several types of substrates for nesting (Roubik, 2006), but most species 
use existing cavities in living trees to build their nests (Eltz et al., 2003). The genus Melipona is the 
most numerous among the stingless bees (Silveira et al., 2002); it occurs exclusively in the Neotro-
pics, with the majority of its species occurring in the Amazon. Melipona includes the biggest and 
the heaviest individuals; therefore, they are the most adapted to flying long distances in their search 
for food (up to 2000 m; see Roubik and Aluja, 1983; van Nieuwstadt and Iraheta, 1996; Araujo et 
al., 2004). Except for Melipona quinquefasciata, which nests in ground cavities, all species of this 
genus use tree hollows to make their nests (Figure 1A). Most such nests are found near the base 
of trees, where hollows can reach large volumes. In regions of the Amazon, where the original 
forest has been cleared, some Melipona species that need large hollows and therefore big trees 
have become very rare. This has happened to M. fuliginosa (the largest bee of the genus, Figure 
1B), M. melanoventer (Figure 1D) and two subspecies of M. seminigra. Other species, such as M. 
rufiventris flavolineata (Figure 1C), are adapted to trees with smaller diameters and are also nest at 
the base of trees that stand in flood areas. Melipona compressipes fasciculata, which nests in trees 
of coastal regions in the northeast part of the Amazon, such as “siriuba” (Avicennia germinans - 
Avicenniaceae), seems to have the ability withstand human occupation.

Figure 1. Amazonian stingless bees. A. Schematic drawing of a natural nest of Melipona bees; b. Nest entrance 
of M. fuliginosa; C. Internal view of a nest of M. flavolineata; D. M. melanoventer pollinating Bixa orellana, an 
important South American crop (Original drawings by S. Cordeiro, photos by G.C. Venturieri).
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Eltz et al. (2003) and Samejima et al. (2004), while studying the forests of Borneo, 
in Malaysia, observed that most bee nests occurred in trees of the forest at the climax stage, 
having diameter at chest-height larger than 50 cm. These trees are exactly the kind that 
the timber industry look for and exploit. Eltz et al. (2003) and Samejima et al. (2004) also 
determined that bee species prefer certain trees over others for nesting (see also Antonini 
and Martins, 2003; Martins et al., 2004). Although these sort of comprehensive studies in 
general are limited, the Amazon forest has characteristics of relations between bee nesting 
and tree species similar to those of some Asian tropical forests.

In the model of sustainable forest management implemented in Brazil, and adopted 
and regulated by the Brazilian Ministry of Environment (IBAMA), as well by other indepen-
dent NGOs acting in Brazil, it is recommended to not extract trees with hollows during forest 
exploitation. In the proposed model, these trees would better serve as seed banks, because of 
their already lowered commercial value when exploited for their wood. However, most timber 
exploitation does not adopt such recommendations (Figure 2). An additional problem is that 
most wood originating from the natural Amazon forests is used for the internal market and is 
informally commercialized (Table 1; Smeraldi and Veríssimo, 1999), avoiding environmental 
regulations and not respecting the rules of “good management”.

Destination International market Brazilian Amazon São Paulo State other Brazilian states

Million of m3  4.0  2.7  5.6 14.0
% of total 14% 10% 20% 56%

Table 1. Consumption of wood in 1997 originating from the Brazilian Amazon.

Source: Smeraldi and Veríssimo (1999).

Figure 2. Transport of trunks on a river in the Amazon; note the high frequency of trunks with hollows. It can be 
seen that the hollow trunks are among those with the largest diameters.
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The continuous commercialization of wood, even when the current rules of forest 
management are respected, will in the long run jeopardize the survival of forests because of 
the strong reduction in nesting places of key pollinators, including stingless bees. In particular, 
the exploitation of trees with diameters over 50 cm will dramatically diminish the nesting pos-
sibilities of many species of this group (Eltz et al., 2003; Samejima et al., 2004).

We recommend the following actions to control the exploitation of timber based on 
stingless bee’s nesting necessities: A) perform more studies on their nesting biology, deter-
mine what trees they use, census the populations of Amazonian stingless bees, and develope 
standardized procedures for evaluating their occurrence in the Amazon forest; B) introduce ar-
tificial nesting boxes for stingless bees in managed forests, in order to minimize the effects of 
human exploitation of trees, which reduces nesting cavity availability; C) monitor and control 
the cutting of trees containing natural nesting cavities; D) support management strategies that 
determine the trees that offer potential nesting sites; E) provide better information to timber 
exploiters and technicians about the effects of the cutting trees that hold stingless bee nests 
on the reproduction of commercially important tree species, and F) offer better information to 
wood explorers and technicians about the importance of maintaining plant species that serve 
as food for natural populations of stingless bees and pollinators in general.
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