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Sao os Plantios de Eucaliptos Amigos ou Ameaca? Uma Visao Entomolégica

RESUMO - Vastas areas do Brasil tém sido plantadas com eucaliptos, como
fontes renovaveis de madeira, carvao e celulose. Apesar do rapido crescimento
e da produtividade de varias espécies de eucaliptos, aliviando, sem dlvida, a
pressao por madeira de areas nativas, existem custos ecoldgicos que devem ser
considerados. Primeiramente, algumas espécies de eucaliptos sdo vulneraveis
ao surgimento rapido de pragas. Um grande nimero de lepiddpteros e coledpteros
nativos, assim como de formigas cortadeiras, tém-se tornado pragas em
eucaliptais plantados no Brasil. Provavelmente, a diversidade de mirtaceas da
América do Sul suporta uma fauna que pode adaptar-se as espécies de eucaliptos
introduzidas. Uma segunda consideracéo € o fato de que o litter de folhas
(serrapilheira) produzido sob a plantacéo de eucaliptos difere substancialmente
daquele de florestas nativas, tanto em termos de estrutura fisica, quanto quimica,
criando uma série de problemas para a fauna de decompositores. Se a diversidade
de micro-artrépodes é reduzida, o ciclo de nutrientes pode ser comprometido
nos plantios de eucaliptos. Terceiro, a copa de florestas nativas suporta grande
diversidade e biomassa de artropodes, da qual dependem muitos passaros, répteis
e mamiferos, como alimento. Ha evidéncias de que a biomassa e a diversidade
de invertebrados sdo grandemente reduzidas em copas de plantacBes de
eucaliptos exoticos. Isto, por sua vez, reduz a base de alimento, da qual dependem
artropodes e outros animais que vivem nas florestas, comprometendo o status
de sua conservacéao. Este trabalho revisa as evidéncias dos efeitos ecolégicos
adversos das plantac@es brasileiras de eucaliptos e sugere caminhos pelos quais
o Brasil pode atingir suas necessidades florestais, conservando os invertebrados
e vertebrados que vivem nas mesmas e das quais elas dependem.

PALAVRAS-CHAVE: Insecta, biodiversidade, conservagéo, monocultura,
pragas.

ABSTRACT -Vast areas of Brazil are being plante@tralyptusn order to
provide renewable sources of timber, charcoal and cellulose. Although the rapid
growth and productivity of variousucalyptuspecies undoubtedly relaxes the
pressure on logging of native forests, there are ecological costs. Firstly, some
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eucalypt species are vulnerable to pest outbreaks. A large number of native
Lepidoptera, Coleoptera and leaf-cutting aitsa(spp.), some of which have
become pests, have been found on eucalypts growing in Brazil. Probably, the
diverse myrtaceous flora of South America supports a fauna that can adapt to
the introducedeEucalyptusspecies. Secondly, the leaf litter produced under
Eucalyptusplantations differs substantially from that of native forests both in
terms of its physical structure and chemistry, posing a range of problems for the
native decomposer fauna. If microarthropod diversity is reduced, nutrient cy-
cling could be impeded under eucalypt plantations. Thirdly, native forest cano-
pies support a massive diversity and biomass of arthropods on which many
birds, reptiles and mammals depend for food. The evidence is that invertebrate
biomass and diversity are greatly reduced in the canopies of exotic eucalypt
plantationsThis, in turn, reduces the food-base on which forest arthropods and
other animals depend, and hence their conservation status. This paper reviews
the evidence for adverse ecological effects in Brazilian eucalypt plantations and
suggests ways in which Brazil might meet its forestry needs, while conserving
forest invertebrates and the vertebrates that depend on them.

KEY WORDS: Insecta, biodiversity, conservatidfycalyptus plantations,
pests.

TheAtlantic rain forest of Brazil is one of 1976, Victor 1977). In this article, we review
the most threatened tropical ecosystems in teom an entomological perspective the evi-
world (see Vianat al. 1997). It once occu- dence for ecological effects in Brazilian eu-
pied about one million square kilometres ofcalypt plantations and suggest ways to meet
the eastern part of Brazil, extending from RidBrazil's forestry needs, while conserving Bra-
Grande do Norte to Rio Grande do Sul in ail's forest fauna.
strip ranging from several to 160 km wide.

Much of it has been cleared for agricultural Ecosystem Functions

and mineral exploitation. At the national level,

less than 12% of this ecosystem remains There are a number of ecosystem func-
(CIMA 1991), although this figure is as low tions which need to operate in a self-sustain-
as 1% in some States and much of it that stilhg ecosystem (Fig. 1); nutrient cycling, wa-
exists occurs as small fragments and lineder cycling, soil, air and water purification,
strips of vegetation. microclimate and regional climate stability

In its search for new sources of energy andnd moderation are examples of important
cellulose, Brazil has planted massive expansdgnctions. Animals, particularly invertebrates,
of plantations that, in terms of area plantedplay an important role in these functions, so
puts it in fourth rank throughout the world much so that they have been referred to as
(Clemente 1996). Since many of these plarithe little things that run the world’ (Wilson
tations are in areas once occupied by Atlantit987). The importance of invertebrates is such
rain forest, this appears to be partially redresshat they are regarded by some as the ‘driv-
ing the problem of deforestation in this re-ers’ of ecosystems, whereas most of the ver-
gion. However, one genus of tree predomitebrates can be considered to be ‘passengers’
nates in these plantations - the exotic Austraf\Walker 1992). In terms of biomass, inverte-
ian Eucalyptus(Myrtaceae)(Potmaet al.  brates usually exceed vertebrate animals in the
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same area (Fig. 2), so it is not surprising thability of eucalypt plantations. Readers are
they play an important role in the functioningreferred to the booknimals in Primary Suc-
and, ultimately, the destiny and economic vicession: The Role of Fauna in Reclaimed

Figure 2. Schematic diagram in which size of organism represents the relative abundance
of major animal taxa (from Yen and New 1997).
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Lands(Majer 1989) for a detailed account of  In addition to the implications to
how invertebrates can influence the outcomesiodiversity of planting eucalypt plantations,

of reforestation attempts. to ensure ecologically sustainable production
it is desirable to maintain a rich invertebrate
Reduction in Biodiversity and vertebrate fauna, containing representa-

tives of the full range of functional groups.

What happens when a native forest is reBut in view of the fact that invertebrate fau-
placed by plantation? Essentially the complexas are so diverse, is it necessary for all of the
structure of the original forest is replaced byoriginal invertebrate species to persist in the
a monoculture. The simple physical structureglantation or are some of the species redun-
of plantations, the even age and size of thdant in the ecological sense? This is a highly
trees, the absence of other plant species oontentious and much-discussed issue (see
types, and the fact that trees used in plant&alker 1992). Ehrlich and Ehrlich (1981)
tions are often exotic greatly reduce the varihave likened the situation to rivets on an aero-
ety of habitats available to the indigenousplane - maybe there is no problem if one or
fauna (Fig. 3). As a result of their ofteneven a few are lost, but there comes a point
allelopathic effects and dense shade, plantathen so many are missing that the plane
tions tend to have extremely simplifiedcrashes. The resilience of an ecosystem, such
understoreys. The impact of plantation esas a plantation, may similarly be affected by
tablishment on the native fauna is massivean absence of species, but at what point does
By lacking the plant species richness and horthis reach problematic levels? Walker’s (1992)
zontal and vertical stratification of the origi- paper orBiodiversity and ecological redun-
nal forest, plantations fail to provide habitatdancywas understood by some to suggest that
for most of the original vertebrate inhabitantdn those functional groups where there was
(e.g., Recher, 1982, Paula 1997). Detailedome redundancy (i.e., the existence of more
studies of eucalypt plantations in Brazil (Silvathan one ecologically equivalent species), we
1994, 1996,1997) and in neighbouring Bo-could afford to lose some of its members.
livia (Hjarsen 1997) document reductions ofwWalker (1995) subsequently clarified this
up to 60% of bird abundance and richnesmisunderstanding by pointing out that where
when compared with the original forest eco-one of the member species declines or disap-
system. pears for some reason, ecological equivalence

These changes to biodiversity are not conallows compensation by other species that are
fined to vertebrates. Marinhet al. (1997) not so affected. In cases where species in a
compared arthropods at the ordinal level befunctional group are virtually equivalent, they
neath rain forest and Bucalyptus grandis probably differ in their environmental adap-
plantation in Brazil. Although six classes andations and thus are each able to compensate
35 orders were sampled in the forest, therfor species loss under different sets of envi-
were only five classes and 27 orders undaonmental conditions. Walker (1995) there-
the plantation. These reductions are not coriere concluded that no species could be con-
fined to the ordinal level. Using ants as indi-sidered as ‘functionally redundant’: a cautious
cators of the general arthropod diversitymanager will therefore conserve all, or as
Soare®t al (in prep.) found that species rich-many species as possible.
ness dropped from 54 species in the original
forest to 45 in the plantation. These trends Changes in Ecosystem Functioning
are not unique to Atlantic rain forest; Oliveira
et al. (1995) observed reductions from 107 Are there examples of plantations being
species to as few as 32 ant species wheaiffected by declines or alterations in the in-
Amazon rain forest was replaced by eucalyptertebrate fauna? Most studies which have
plantations. linked invertebrate abundance or diversity to
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ecosystem functioning have been inferentiament the relationship between insects and the
(see Noss 1990, Aronsenal.1993) and have persistence and resilience of a plant commu-
assumed that animal abundance in a partictity through the process of pollination.
lar feeding guild indicates their degree of con-  Pollination interactions are vulnerable to
tribution to ecosystem function (e.g., Williamsmany disturbances related to ecosystem frag-
1993). It does not prove, however, that a pamentation and alteration (Kearns & Inouye
ticular function will not operate or will be 1997), and may therefore provide good mod-
enhanced if a particular group of animals ils for the role of invertebrates in ecosystem
absent or abundant. functions. There are very few studies of pol-
Demonstration projects are required whicHination dynamics in plantations. However,
link invertebrate groups with ecosystem funcseveral trends apparent from studies in frag-
tioning, and which show how the abundancenented and isolated habitats are relevant,
and/or activity of such animals may be ensince plantations exhibit some of the features
couraged. Researchers tend to avoid this apf fragments. Furthermore, plantation estab-
proach because of the difficulties in demoniishment often results in the fragmentation of
strating causal links (Lamont 1995). Manipu-the original ecosystem in the area.
lations involving deletion or addition of spe-  Insect pollinator diversity and abundance
cies (e.g., Naerat al 1995), or alterations in have been found to decline with decreasing
their abundances, are necessary to describabitat area and increasing isolation
their role with complete confidence; Lamont(Jennersten 1988, Aizen & Feinsinger 1994a).
(1995) has outlined test procedures that mighthese studies, and others (e.g., Aizen &
be adopted. Feinsinger 1994b, Buchmann & Nabhan
Notwithstanding these interpretational1996), have found a corresponding decline in
problems, there is evidence that plantationseed set with increasing fragmentation of habi-
have great potential to produce undesirabltat. Plants relying on one, or a few types of
changes in the invertebrate fauna, with conpollinators, suffer lower seed set in small iso-
sequent changes in ecosystem functionindated populations if the pollinators disappear
Below, we outline three aspects of ecosysterand fail to return (Jennersten 1988, Houston
functioning that might be affected by the eset al 1993, Pavliket al. 1993).

tablishment of eucalypt plantations. Generalisation of pollination systems may
buffer both plants and pollinators (Bond 1994,
Example 1 - Threats to Pollination Waseret al. 1996), but they are open to ex-

ploitation by super-generalists such as the
Pollination is an important ecosystemhoney beeApis mellifera.. Honey bees are

function as it provides a crucial step in thenot native to Brazil, but are frequently intro-
perpetuation of plant species through sexualuced into eucalypt plantations where there
reproduction. Itis desirable to maintain polis a good source of nectar (Pirani &
lination relationships in plantations to produceCortopassi-Laurino 1993). Australian and
self-sustaining plant populations within theAmerican research has shown that honeybees
understorey and the adjacent ecosystemsompete with native insects and birds for nec-
Tepedino (1979) has estimated that 67% dfar and nesting sites (see Eikwort & Ginsberg
flowering plants rely upon insects for their1980, Roubik 1991, Paton 1996). In some cir-
pollination. The role of insects as pollinatorscumstances, competition with this bee is det-
therefore seems to be of critical importancerimental to native bee abundance and diver-
but the effect of pollinator limitation at a com- sity, and may lead to lowered seed set of some
munity scale has rarely been studied and coplants (Aizen & Feinsinger 1994a, Paton
clusions remain largely inferential (Whelan1996). Generalised pollination systems can
1989). Recent reviews by Rathcke and Juladtimately lead to the exclusion of locally rare
(1993) and Kearns and Inouye (1997) docuplant species from the community through
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competition for shared pollinators (Wasertation without litter (Liacet al. 1984).
1978). Plantations are also known to produce
Cascade effects, in which the loss of on@egative effects on litter decomposition in
partner in a mutualistic relationship indirectlyBrazil (Schoeredeet al 1990). A detailed
affects other species in the community, magtudy of litter fauna density and decomposi-
follow pollination disruptions, particularly if tion of rain forest litter in rain forestersus
the partner lost is a keystone species (Lambe&ucalyptuslitter under plantation revealed
1992). Janzen (1974) has recorded suchaonsiderably lower densities of Acarina and
situation in Central American tropical forests.Collembola in the latter habitat and concomi-
Male euglossine bees in these forests atant reductions in the rate of litter decompo-
highly specific to orchid species, but the fesition (Louzada J. N. Gt al. unpublished).
males rely on a variety of scattered woodylhe authors linked this reduction in decom-
plants for nectar. Habitat clearing and develposition to the impoverished litter fauna in the
opment has led to a decline in bee habitat arglantation which, in turn, was believed to re-
numbers, fewer native woody plants, the useult from the inferior and homogenous chemi-
of weedy species in clearings by the femaleal composition of the litter and the harsher
bees, and reduced visits to the more widelynicroclimate beneath the plantation (Vallejo
scattered native woody plants. The fate oét al 1987).
the bees, orchids and native woody plants are These results give reason for concern,
thus all intimately connected. Cascade effectsinceEucalyptusplantations are notoriously
obviously have great potential to affect areadependent on high nutrient inputs (Paula
where plantations have been established ard®97). If plantations that are more economi-
which may suffer pressures such as isolatiorzal in nutrient usage and cycling were encour-
colonisation by exotic plant and animal speaged, financial savings could be made and
cies, altered community structure and loss afiutrient runoff into nearby water-courses
suitable nesting sites. The fact that more cas@suld be minimised.
like this have not been documented probably
reflects our poor understanding of pollinator Example 3 - Reduced Food for
dynamics at different spatial and temporal Insectivorous Vertebrates
scales, and time-lags between the disappear-
ance of pollinators and its effects on the com- One trend that emerges from our own stud-
munity (Bond 1994). ies in nativeEucalyptusecosystems within
Australia is the link between the biodiversity
Example 2 - Threats to Nutrient Cycling  of arthropod communities of the canopy and
site fertility (Recheet al. 1996). On the ba-
Studies of soil invertebrates Eucalyp- sis of the data from eucalypt forests, the most
tus plantations in southern China found 25abundant and richest arthropod communities
invertebrate groups (at the ordinal level) inhave been found to occur in habitats with high
fenced eucalypt plantations in which litter wadoliar nutrient levels (Table 1). On an indi-
allowed to accumulate and 11 groups in unvidual plant the species richness of arthropods
fenced eucalypt plantations where litter wasnay be determined by the structural complex-
collected for fuel. This compared with 27 andty of the plant (e.g., leaf and bark character-
31 groups collected in natural secondary foristics), its biochemical defences against insect
est and broadleaf mixed forest plantation reattack, and by foliage nutrient levels, which
spectively. The biomass of soil invertebratesn turn are an index of plant production (Ta-
in the natural forest and the mixed broadlealle 1). There is also evidence that foliar nu-
plantation was double that of the protectedrients are related to site fertility (Recledr
eucalypt plantation and six times greater thaal. 1996) (Table 1), although this relationship
the invertebrate biomass of the eucalypt plardoes not always hold. This relationship can
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Table 1. Relationship between soil nutrients, foliar nutrients, arthropod abundance and
arthropod species richness on Grey Bexr(oluccany Narrow-leaved Ironbarke(crebrg,
Jarrah E.marginatd and Marri E.calophyllg at Scheyville, NSW, Australia and Karragullen,
WA , Australia. Note how percentage tree use by birds tends to reflect arthropod loads on
foliage rather than percentage contribution of tree species to the total canopy (adapted from
Recheret al. 1996).

New South Wales Western Australia

Soil nitrogen (ug g) 2168 860
Soil phosphorus (ug¥y 1149 660
Soil potassium (ugY 2535 76
Box Ironbark Jarrah Marri

Foliar nitrogen (mg g) 10.2 13.7 7.9 10.0
Foliar phosphorus (mg*%y 0.5 0.9 0.3 0.5
Foliar potassium (mg¥y 3.4 3.9 3.7 5.7
Mean arthropod individuals per tree 411 760 242 253
Total arthropod species on all trees 642 727 446 443
(both tree species) 974 581
Percentage canopy 56 44 89 11
Percentage tree use by:

eastern Thornbill birds 27 73 - -

western Thornbill birds - - 75 25
No. of nesting bird species 66 36
have a follow-on effect to the insectivorous Pest Outbreaks

avifauna. Forinstance, our data on insectivo-
rous thornbills (Table 1) suggest that bird us-  An additional problem that threatens plan-
age of trees reflects the invertebrate loaditions is their vulnerability to pest outbreaks
which those tree species support. A similafRecher 1982, Schowalter & Means 1988).
response has been suggested in relation Tdis can result from their lack of evolved de-
some arboreal marsupials occurring in southfence to particular herbivores or to the pau-
ern Australia (Braithwaitet al. 1983, Cork city of beneficial limiting agents. Species of
& Catling 1996). arthropods native to eucalypt forests and
Importation of plants into new areas leadsvoodlands in Australia have become pests on
to an association with arthropods that haveucalypts planted in other countries. These
little or no adaptation to feed upon that speincludeParopsis charybdiStal (Coleoptera:
cies. The result is that these trees tend to lighrysomelidae) in New Zealand, the eucalyp-
barren of arthropods, which themselves areus snout beetl&onipterus scutellatus
food resources for much of the vertebrat€¢Gyllenhal) (Coleoptera: Curculionidae) in
fauna. This, and the absence of structural afdew Zealand, the African continent, Mada-
floristic diversity, shelter, and limited nestinggascar and Mauritius, an@horacantha
or denning sites, explains why plantations casemipunctata(Fabricius) (Coleoptera:
sustain only a small proportion of the origi-Cerambycidae) in the Ethiopian, Madagascan,
nal forest vertebrate fauna (Recher 1982). Palaearctic and Neotropical regions (Carne &
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Taylor 1978). Indigenous arthropods can alshave immense capacity to detrimentally alter
attack eucalypt plantations. In Brazil largethe diversity and functioning of invertebrates
tracts ofEucalyptushave been defoliated by in areas where plantations have been estab-
native Lepidoptera (Zanuncio 1993, Pedrosdished. Fire is animportant natural disturbance
Macedo 1993, Fagundest al. 1996), in forests. Almost all dry forests and many
Coleoptera (Zanunciet al. 1993, Pedrosa- moister types burn at intervals. Natural fire
Macedo 1993) and also leaf-cutting adttd frequencies in Australia and North America,
andAcromyrmespp.) (Vilela 1986, Anjost  where there has been extensive research on
al. 1993), some of which have become sigfire histories, indicate average fire frequen-
nificant pests. In addition to this, mortality cies in dry forests of three to four burns per
of young trees due to termite attack is sub100 years. Intervals between natural fires can
stantial in eucalypt plantations in Africa (in- range from less than five years to greater than
volving termites of the subfamily four orfive hundred years according to forest
Macrotermitinae, a group not present in Austype, topography, human interference and
tralia), Asia and South America (Harris 1971)chance. The area of forest burnt in any one
although the impacts on mature trees are gefire can also vary substantially from a few
erally less severe. Termites that attack eucéectares to tens of thousands of hectares, again
lypts and other timbers in Brazil are docu-according to conditions and chance circum-
mented in Berti Filho (1993). So significantstances. Outside of the wet tropics, forests
are some of the pests of eucalypt plantatiorsre a mosaic of burns; in a very real sense,
in Brazil, that many student dissertations havére imposes a second order of pattern on the
been generated (e.g., Macedo 1975, Berthosaic of forest types determined by topog-
Filho 1981, Barros 1984, Dietrich 1989,raphy and edaphic conditions.
Pereira 1992). Now people have greatly altered natural
What are the reasons for, and implicationdire regimes, either by suppressing forest fires
of, this diverse complex of pests in Brazilianor by using fire as a tool to clear forest. The
eucalypt plantations? Possibly the diverséatter may be carried out to remove
myrtaceous flora of South America supportainderstorey vegetation, to foster the develop-
a fauna which can readily adapt to introducedhent of grass within the forest for grazing
Eucalyptusspecies. The result is destructionstock, or as a means of reducing fuel loads to
of those features of the plantation that proprevent wildfires from developing. These
vide habitat for local fauna. This is com-changes in fire regime have significant effects
pounded by the fact that the agrotoxins usedn forest biodiversity and in all cases change
to combat such pests (e.g., "Mirex" for leaf-the composition and structure of the forest
cutter ants) can impact on the local wildlifevegetation. These changes disadvantage plants
and cause deleterious effects in the envirorand animals that require long intervals be-
ment (Paula 1997). tween burns and favour plants and animals
The insects that are pests in these plantéhat require more open, and usually drier and
tions are generally not abundant or pestiferwarmer forest environments. The net effect
ous in the adjoining native vegetation. It isof too frequent fires, regardless of fire inten-
only when forest is converted to a monoculturgity or fire season, is to simplify forest envi-
that pests such as leaf-cutter ants become, g, ments and reduce forest biodiversity.
problem (Bento & Della Lucia 1993). Indeed, Moist forests, such as rainforest, do not

when fragments of forest are left within the : ; "
matrix of plantation, the frequency éftta experience fire under natural conditions, al-

spp. is lower (Soares S. ktal unpublished). though the sclerophyllous nature of the-
calyptusplantations means that they can, and

Other Threats do, burn, with fires spreading into ecosystems
outside of the plantation. The plant species in
We now discuss two other threats thathe understorey of the plantation and in the
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adjoining forests are generally susceptible tavay of relaxing the pressure on native forests
fire and are often killed by burning. The re-for timber exploitation so, in this sense, these
sultis an area of dead shrubs and trees, wheskantations are beneficial. However, for the
only some of the hardy or larger trees survivereasons mentioned, plantations should be of
Many of the understorey plants are also killednative trees wherever possible and should only
resulting in the ground being invaded bybe planted on already degraded or cleared land
grasses and fast-growing pioneer shrubs - the avoid clearing existing forests. If the plan-
area seldom reverts back to rainforest. Actations are within the forest matrix, they should
companying the changes in vegetation arbe planned to allow for wildlife corridors be-
changes in microclimate. Unlike in cool hu-tween blocks of native forest and should not
mid rain forest, the area becomes hot and dripe planted to the extent that the amount of
a change which has negative feedback effectmtive forest remaining becomes minimal.
on the surviving or recolonizing biota. The Plantations should complement, not re-
impact of fire on fauna in fire-susceptible for-place, natural forests. They should reduce
ests is unequivocal, although it may be diffipressures on natural forests (Forest Steward-
cult to unravel the effects of clearing or degship Council 1993) but equally, every effort
radation of the forest from that of the burn.should be made to conserve or use in an eco-
Whichever is the case, the invertebrate ankbgically sustainable way (Sizer 1994), the
vertebrate communities of the burnt areas armreas of Atlantic rain forest which remain.
changed and commonly simplified.
Fragmentation of the forest by establish- Literature Cited
ment of plantations further jeopardises the
conservation status of forest fauna. In addiAizen, M. A. & P. Feinsinger. 1994aHabitat
tion to the loss of habitat, many invertebrates fragmentation, native insect pollinators,
are adversely affected by edge effects and feral honey bees in Argentine Chaco
(Didham 1997) that, for different groups of  Serrano. Ecol. Appl. 4: 378-492.
animals, extend to varying distances into the
forest, and by the general degradation of thes&izen, M. A. & P. Feinsinger. 1994bForest
small and vulnerable areas of forest (see fragmentation, pollination, and plant
Harris 1984, Saunderst al 1987, 1991, reproduction in a chaco dry forest,
Hunter 1990, Saunders & Hobbs 1991, Noss Argentina. Ecology 75: 330-351.
1996, Majeret al.in press). Edge effects in-
clude the intrusion of weeds and open counrAnjos, N., D. D. O Moreira, & T. M. C.
try animals that compete with or prey on the  Della Lucia. 1993 Manejo integrado de
forest biota. formigas cortadeiras em
Thus, in addition to the area of habitat lost  reflorestamentos, p. 212 - 241. In T. M.
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