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abstraCt

Caryocar brasiliense Camb. (Malpighiales: Caryocaraceae) trees have a wide distribution in the 
cerrado. This plant is protected by federal laws and is left in deforested areas of the cerrado. 
This situation increases the damage to leaves, flowers, and fruits from chewing insects. We 
studied the effect of habitat complexity and plant architecture on the diversity and abundance 
of the Lepidoptera, Coleoptera, and Hymenoptera herbivores and their predators on trees of C. 
brasiliense in cerrado, pasture, and on the Campus of the Federal University of Minas Gerais. 
We observed 13 rare, 2 common, and 1 constant species of herbivores insects; and 3 rare, 8 com-
mon, and 1 constant species of predators on trees. Higher diversities and number of species of 
herbivores insects and their predators were observed in pasture than in the cerrado and on the 
campus of the Federal University of Minas Gerais. Herbivorous insects were most abundant in 
pasture and least abundant on the university campus. Predators were most abundant in pasture 
and least abundant in the cerrado. Ants, spiders, and predatory bugs are important in the reduc-
tion of the defoliators and leaf miners insects. The percentages of defoliation and populations of 
defoliators and ants were higher on C. brasiliense trees with wider crowns. We found a positive 
correlation of soil aluminum concentration with percent defoliation and numbers of lepidopteran 
leaf miners. On the other hand, increased soil pH was correlated with reduction in percent de-
foliation and numbers of lepidopteran leaf miners.
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resumen

Los árboles de Caryocar brasiliense Camb. (Malpighiales: Caryocaraceae) tienen una 
amplia distribución en lo cerrado. Esta planta está protegida por las leyes federales y 
se deja en las áreas deforestadas de lo cerrado. Esta situación aumenta el daño a las 
hojas, flores y frutos de los insectos masticadores. Se estudió el efecto de la complejidad 
del hábitat y la arquitectura de la planta en la diversidad y abundancia de los lepi-
dópteros, coleópteros y himenópteros herbívoros y sus predadores en los árboles de C. 
brasiliense en el cerrado, pastizales, y en el campus de la universidad. Observamos 13 
raras, 2 comunes, y 1 especie constante de insectos herbívoros, y 3 raras, 8 comunes, 
y 1 especie constante de los predadores en los árboles. Las diversidades más altas y el 
número de especies de insectos fitófagos y sus predadores se observaron en los pastos 
que en el cerrado y en el campus de la universidad. Los insectos fitófagos fueron más 
abundantes en pastos y menos abundantes en el campus universitario. Los predadores 
son más abundantes en pastos y menos abundantes en el cerrado. Las hormigas, arañas 
y los insectos depredadores son importantes en la reducción de los defoliadores e insec-
tos minadores de las hojas. El porcentajes de defoliación, y poblaciones del defoliantes 
y las hormigas son mayores en árboles de C. brasiliense, una más ancha corona. Hemos 
encontrado una correlácion positiva de la concentración de aluminio en el porcentaje de 
defoliación y el número de minadores lepidópteros de hojas. Por otro lado, el pH del sue-
lo correlacionado negativamente el porcentaje de defoliación y el número de minadores 
lepidópteros de hojas.

Palabras Clave: escarabajos, orugas, entomología, predadores, pequi
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The cerrado occupies about 23% of the territory 
of Brazil (Da Silva & Bates 2002). It is character-
ized by a high diversity of plants and insects and 
contains a high degree of endemism (Bridgewa-
ter et al. 2004). Naturally, the cerrado is formed 
by a complex mosaic of phytophysiographies that 
range from open cerrado formations (campo lim-
po) up to tall and woody forests of 10-15 m tall 
called Cerradão (Oliveira & Marquis 2002). Due to 
increasing threats to its biodiversity, the cerrado 
has been designated a biodiversity hotspot (My-
ers et al. 2000). The cerrado’s primary economic 
use is for grain and cattle production (Aguiar & 
Camargo 2004), as well as reforestation with ex-
otic species, primarily Eucalyptus (Zanuncio et al. 
2002). Several governmental mechanisms and in-
centives have devastated the cerrado in the last 5 
decades, and have left only 20% in an unmodified 
or pristine condition (Klink & Machado 2005). In 
southeastern Brazil large patches of this rich cer-
rado are seen immersed in a matrix of agriculture 
(primarily soybean and sugar cane), cattle farms 
and cities (urbanization). 

Caryocar brasiliense Camb. (Malpighiales: 
Caryocaraceae) is widely distributed in this re-
gion (Brandão & Gavilanes 1992; Bridgewater et 
al. 2004; Leite et al. 2006a) and can reach over 10 
m in height and 6 m in canopy width (Leite et al. 
2006a). The leaves of C. brasiliense are alternate, 
trifoliate and have a high trichome density; the 
flowers are hermaphrodite but mostly cross pol-
linated (Araújo 1995). Fruit production is annual, 
and C. brasiliense blooms between Jul and Sep 
(dry period) with fructification from Oct through 
Jan (rainy season) (Leite et al. 2006a). The fruit is 
a drupe with 1-4 seeds, weighing 158.49 ± 8.14 g 
(fresh weigh) and with a volume of 314.90 ± 20.93 
cm3 (Leite et al. 2006a). Its fruits have internal 
mesocarp rich in oil, vitamins, and proteins, and 
contain many compounds of medicinal impor-
tance. Moreover, it is used by humans for food, 
production of cosmetics, lubricants, and in the 
pharmaceutical industry (Araújo 1995, Segall et 
al. 2005, Ferreira & Junqueira 2007, Garcia et al. 
2007, Khouri et al. 2007). This plant represents 
the main source of income of many communities 
(Leite et al. 2006a).

Due to protection by federal law, C. brasiliense 
trees are left in deforested areas of the cerrado. 
The production and natural regeneration of C. 
brasiliense has been impaired by the practice of 
only conserving as forest or cerrado reserve ar-
eas the most impoverished areas where sandy or 
rocky soils do not allow its survival or coloniza-
tion (Leite et al. 2006a). This is the scenario found 
in the northern part of Minas Gerais State (Leite 
et al. 2006a). Coleoptera, Lepidoptera, and Hyme-
noptera are the most abundant orders of chewing 
insects in the cerrado (Pinheiro et al. 2002; Zanet-
ti et al. 2003; Zanuncio et al. 2002). Isolated C. 
brasiliense individuals in the agro-landscape suf-

fer increased leaf, flower, and fruit damage from 
these insect herbivores group (personal commu-
nication from collectors of C. brasiliense fruits). 
Despite the biological and social importance of C. 
brasiliense, its herbivores are still poorly known 
(Araújo 1995) and the identification of many of 
them has been hampered due to the lack of taxo-
nomic specialists (Freitas & Oliveira 1996; Olivei-
ra 1997; Lopes et al. 2003; Boiça et al. 2004, Leite 
et al. 2011 a,b,c). Furthermore, long term data on 
C. brasiliense herbivore dynamics are unknown 
to date.

The diversity and abundance of arthropods 
can vary among different environments. Some 
hypotheses can explain this fact: 1) more complex 
environments increase the number of herbivores 
species, and their predators, associated in a host 
plant and, generally, decrease their abundances 
(Auslander et al. 2003; Lazo et al. 2007); 2) host 
plant attributes such as complex architecture can 
increase the diversity of herbivores insects (Es-
pírito Santo et al. 2007); and 3) soil characteris-
tics more favorable to trees can indirectly effect 
herbivores insects (e.g. nutritional quality) (Aus-
lander et al. 2003; Espírito Santo et al. 2007). 

We test, for the first time, three hypotheses 
—complex environments, host plant attributes, 
and soil characteristics—in relation the diversity 
and abundance of Lepidoptera, Coleoptera, and 
Hymenoptera herbivores and their predators on 
C. brasiliense individuals under 3 different areas. 
We studied plants under 3 very different habi-
tat conditions: i) preserved cerrado, ii) cerrado 
cleaned for pasture, and iii) cerrado converted to 
urban development (a university Campus).

materiaL anD methoDs

Study Sites

The study was done in the municipality of 
Montes Claros, in the state of Minas Gerais, Bra-
zil, during 3 consecutive yr (Jun 2007 through 
Jun 2010). The region has dry winters and rainy 
summers, and is classified as climate Aw: tropical 
savanna according to Köppen (Vianello & Alves 
2000). Three areas were studied: 1) strict sense 
cerrado (S 16° 44’ 55.6” W 43° 55’ 7.3”, at 943 m 
asl and containing dystrophic yellow red oxisol 
with sandy texture); 2) pasture, formerly cerra-
do vegetation (S 16° 46’ 16.1” W 43° 57’ 31.4” at 
940 m asl and containing red dystrophic yellow 
oxisol with loamy texture), and 3) campus of the 
“Instituto de Ciências Agrárias da Universidade 
Federal de Minas Gerais (ICA/UFMG)” (S 16° 40’ 
54.5” W 43° 50’ 26.8”, at 633m asl and containing 
dystrophic red oxisol with medium texture). For 
detailed description of the sites see Leite et al., 
2006a, 2011a.

The strict sense cerrado (a species-rich dense 
scrub of shrubs and trees, 8-10 m high, with a 
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dense understory) is more typical of the cerrado 
than grassland open forms (Ribeiro & Walter 
1998; Durigan et al. 2002). The soil covering of 
the cerrado area was grass (44.87%) and bare soil 
(55.13%), on which were found an average num-
ber per ha of the these plants: shrubs (5.78), small 
trees (23.51), tall trees (8.76); and C. brasiliense 
trees (17.00). The soil covering of the pasture area 
was Brachiaria decumbens (Stapf) grass (84.19%) 
and bare soil (15.81%), on which were found an 
average number per ha of the these plants: shrubs 
(0.19), small trees (4.76), tall trees (2.76) and C. 
brasiliense trees (42.30). The soil covering of the 
university campus was Paspalum notatum grass 
(100%) on which were found with 100 C. brasil-
iense trees per hectare (see Leite et al. 2006a, 
2011a), and there were nearby vegetable gardens 
(~300 m). 

Adult C. brasiliense trees in the cerrado were 
4.07 ± 0.18 m high (average ± SE) and had crown 
widths of 2.87 ± 0.13 m; in the pasture these 
plants were 5.20 ± 0.18 m high with crown widths 
of 3.96 ± 0.14 m, while in the university campus 
they were 3.79 ± 0.15 m high with crown widths of 
1.66 ± 0.13 m (Leite et al. 2006a, 2011a). 

Study Design

The design was completely randomized with 
12 replicates (1 tree/replicate) and 3 treatments 
(areas). In both the cerrado area and the pas-
ture area, we walked (~600 m) in each area in a 
straight line, and at every 50 m we collected data 
on a C. brasiliense tree. Adult trees of C. brasil-
iense (producing fruits) were randomly sampled 
in each collection in the cerrado and pasture ar-
eas, but on the lawn of the university campus 
the same 12 trees were sampled every time. We 
collected data according to this design in 3 con-
secutive yr to capture the overwhelming majority 
of species of insects (i.e., rare species), since in a 
given yr some of them might not occur.

The percent defoliation by caterpillars and 
beetles, numbers of lepidopteran and coleopteran 
defoliators, damage to flowers by Hymenoptera, 
scraping and boring of fruits by insects and sta-
tus of their arthropod predators were evaluated 
monthly in the morning by direct observation of 4 
leaves, 4 flowers and 4 fruits per tree in each area 
during each of the 3 yr. Defoliation was deter-
mined visually by estimating the percent of leaf 
area lost on a scale from 0-100% with increments 
of 5% of the total leaf area removed (Sastawa et 
al. 2004; Mizumachi et al. 2006). Insects present 
in the evaluated parts (leaves, flowers, and fruits) 
of C. brasiliense were collected with tweezers, a 
brush, or with an aspirator and preserved in vials 
with 70% alcohol for identification. Evaluations 
in the 3 areas involved a total of 1,728 leaves, 300 
flowers (Jul-Sep), and 320 fruits (Sep-Jan) during 
the 3 yr. 

The abundances of herbivore and natural en-
emy individuals, species richness and diversity 
were calculated per tree in each area. Hill’s for-
mula (Hill 1973) was used to calculate diversity, 
and the Simpson index was used to calculate the 
abundance and richness of species (Townsend et 
al. 2006; Lazo et al. 2007). We calculated the per-
centage of samples that contained each species. 
The presence of each species was represented by 
1 and absence by 0. Further, we used a method 
adapted by Siqueira et al. (2008 to classify the 
species of herbivores and predators in the sam-
ples as: a) constant (presence ≥ 50%), b) common 
(10% < presence ≤ 49%), and c) rare (presence ≤ 
10%).

Statistical Analyses

Correlations of numbers of individuals and 
species of herbivorous insects with the diversity 
index, and numbers of individuals and species of 
predators were subjected to analysis of variance 
(ANOVA) (P < 0.05) and simple regression analy-
sis (P < 0.05). We made the same analysis with 
each species of predator, with each insect herbi-
vore species and its damage, as well as chemical 
characteristics of the soils and height and crown 
of plants (see Leite et al. 2006a). The effects of 
the 3 different areas on the ecological indices, and 
number of individuals of each species of herbivo-
rous insect and their predators were transformed 
to √x + 0.5, tested with ANOVA (P < 0.05) , and 
subsequently with Tukey’s test (P < 0.05). 

resuLts

We observed 13 rare, 2 common, and 1 con-
stant species of herbivorous insects; and 3 rare, 
8 common, and 1 constant species of arthropod 
predators on C. brasiliense trees (Table 1). Higher 
diversities and number of species of herbivores 
insects and their predators were observed on the 
pasture than in the cerrado and on the university 
campus. Herbivorous insects were most abundant 
in pasture and least abundant on the university 
campus (Table 2). Predators were most abundant 
on the pasture and least abundant in the cerrado 
(Table 3). 

The numbers of bored fruits and numbers 
and percentages of scraped fruits were greater 
on the pasture than in the other areas. We ob-
served higher numbers of damaged flowers and 
lepidopteran leaf miners on the pasture than on 
the university campus. Percentages of defoliation 
and bored fruits were higher on the pasture and 
in the cerrado than on the campus. However, the 
number of Eunica bechina (Lepidoptera: Nym-
phalidae) caterpillars was greater on the leaves 
on the university campus than at the other 2 
sites. A larger number of the Naupactus sp.3 (Co-
leoptera: Curculionidae) beetles was observed on 
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tabLe 1. orDers anD FamiLies oF sPeCies obserVeD on CaryoCar brasiliense trees, the obJeCts on WhiCh they FeD anD 
the FrequenCies oF their oCCurrenCe DurinG the Day. stuDy ConDuCteD at montes CLaros, minas Gerais 
state, braZiL.

Order Family Species Feeding Occurrence

Coleoptera Alticidae Oedionychus sp. Leaves Rare-L
Carabidae Calosoma sp. Predator Rare-L
Chrysomelidae Diabrotica speciosa Germar Leaves Rare-L
Coccinellidae Neocalvia fulgurata Mulsant Predator Rare-L
Curculionidae Naupactus sp.1 Fruits Rare-Fr

Leaves Rare-L
Naupactus sp.2 Fruits Rare-Fr
Naupactus sp.3 Leaves Rare-L
Rhinochenus stigma (L.) Leaves Rare-L

Elateridae Apoptus sp. Leaves Common-L
Tenebrionidae Camaria sp. Leaves Rare-L

Lepidoptera NI* NI - leaf miner Leaves Constant-L
Arctiidae NI Leaves Rare-L
Ctenuchiidae NI Leaves Rare-L
Nymphalidae Eunica bechina Talbot Leaves Rare-L
Oecophoridae NI Leaves Rare-L
Sesiidae Carmenta sp. Fruits Common-Fr

Hemiptera Geocoridae Epipolops sp. Predator Common-L
Reduviidae Zelus armillatus (Lep. and Servi) Predator Common-L

Hymenoptera Apidae Trigona spinipes Fabr. Pollinator Rare-Fl
Formicidae Crematogaster sp. Generalist Constant-L

Generalist Common-Fl
Generalist Common-Fr

Pseudomyrmex termitarius Smith Predator Common-L
Predator Rare-Fr

Neuroptera Chrysopidae Chrysoperla sp. Predator Common-L

Orthoptera Tettigoniidae Oxyprora flavicornis Redtenb. Leaves Rare-L

Thysanoptera Phlaeothripidae Holopothrips sp. Predator Common-L
Trybonia intermedius Bagnall Predator Common-L
Trybonia mendesi Moulton Predator Common-L

Araneae ** Complex of spiders Predator Common-L
Rare-Fl

*NI = none identified. **complex of spiders = Cheiracanthium inclusum Hentz (Miturgidae); Peucetia rubrolineata (Keyserling) 
(Oxyopidae); Anelosimus sp., Achaearanea hirta (Taczanowski) (Theridiidae); Gastromicans albopilosa Simon, Chira bicirculigera 
Soares and Camargo, Rudra humilis Mello-Leitão, Thiodina melanogaster Mello-Leitão and Lyssomanes pauper Galiano (Saltici-
dae); Dictyna sp. and sp.1 (Dictynidae); Tmarus sp. and sp.1 (Thomisidae); Argiope argentata (Fabr.), Gasteracantha cancriformes, 
Argiope sp., Parawixia sp. and sp.1 (Araneidae); and Anyphaenidae. L = leaves, Fl = flowers, and Fr = fruits.

tabLe 2. hiLL’s DiVersity inDex, numbers oF inDiViDuaLs anD sPeCies oF PreDators anD herbiVorous inseCts Per oF 
CaryoCar brasiliense tree in 3 eCoLoGiCaLLy DiFFerent areas at montes CLaros, minas Gerais state, braZiL. 

Variables Cerrado Campus Pasture F P

Predatory arthropods

Diversity index 8.77 ± 1.72 b 9.09 ± 0.69 b 15.24 ± 1.09 a 9.839 < 0.0009
No. of individuals 11.70 ± 0.89 c 43.60 ± 4.75 b 65.00 ± 5.70 a 44.799 < 0.0001
No. of species 4.75 ± 0.62 b 5.17 ± 0.32 b 9.08 ± 0.54 a 40.964 < 0.0001

Herbivorous insects

Diversity index 2.23 ± 0.23 b 3.77 ± 0.91 b 6.05 ± 0.52 a 11.464 < 0.0004
No. of individuals 17.40 ± 2.23 b 1.60 ± 0.28 c 36.80 ± 3.53 a 56.852 < 0.0001
No. of species 2.67 ± 0.51 b 1.83 ± 0.36 b 6.08 ± 0.84 a 31.178 < 0.0001

Means within a row followed by the same letter (average ± SE) are not different by Tukey’s test (P < 0.05). Values of F and P were 
obtained by ANOVA; dfs of treatments, blocks, and errors were 2, 11, and 22, respectively.
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the leaves of C. brasiliense in the pasture than in 
the cerrado (Table 3). 

In the case of predators, Crematogaster sp. 
(Hymenoptera: Formicidae) were most abundant 
on the leaves, flowers, and fruits in the pasture. 
Epipolops sp. (Hemiptera: Geocoridae), ladybee-
tles, and Trybonia intermedius Bagnall and T. 
mendesi Moulton (Thysanoptera: Phlaeothripi-
dae) presented the highest abundance on the 
leaves of C. brasiliense in the pasture. Pseudo-
myrmex termitarius (Hymenoptera: Formicidae) 
had the highest abundance on the leaves in the 
cerrado. Zelus armillatus (Hemiptera: Reduvi-
idae), green lacewing, and spiders on the leaves 
of C. brasiliense were most abundant on the uni-
versity campus. Holopothrips sp. (Thysanoptera: 
Phlaeothripidae) were least abundant on the 
leaves of C. brasiliense in the cerrado (Table 4). 

We observed a positive correlation of number 
of species of herbivores insects with number of 
species of predators and ants with damaged fruits 
(Fig. 1). But no correlation was detected between 
numbers of individuals of predators with num-
bers of individuals of herbivores insects (Fig. 1). 
However, higher species diversity of predators 
decreased the species diversity of herbivores in-
sects. Higher number of ants, predatory bugs and 
spiders decreased the number of lepidopteran 

leaf miners and percent defoliation (Figs. 1 and 
2). We did not detect a correlation between preda-
tory thrips, ladybeetles, and Chrysoperla sp. with 
percent defoliation and lepidopteran leaf miners 
(Fig. 2). We found a positive correlation of soil 
aluminum concentration with percent defoliation 
and numbers of lepidopteran leaf miners. On the 
other hand, increased soil pH was correlated with 
reduction in percent defoliation and numbers of 
lepidopteran leaf miners. On C. brasiliense trees 
with wider crowns the percentages of defoliation, 
and numbers of defoliators were greater than on 
trees with narrow crowns; and ants had higher 
populations on C. brasiliense trees with wider 
crowns than on tress with narrow crowns (Fig. 3).

DisCussion

The larger species diversity of herbivores (i.e., 
coleopteran and lepidopteran species), and conse-
quently their predators, on C. brasiliense trees on 
the pasture than in the cerrado and on the univer-
sity campus may be explained by a combination 
of factors. Firstly, the pasture environment in-
cluded C. brasiliense trees, grass and other trees 
and shrubs (Leite et al. 2006a, 2011a). Secondly 
C. brasiliense trees presented wider crowns with 
more complex structures on the pasture than on 

tabLe 3. PhytoPhaGes anD their DamaGes Per tree oF CaryoCar brasiliense in 3 eCoLoGiCaLLy DiFFerent areas at montes 
CLaros, minas Gerais state, braZiL.

Herbivores Cerrado Campus Pasture F P

Bored fruits 0.60 ± 0.41 b 0.00 ± 0.00 b 6.70 ± 0.98 a 49.845 < 0.0001
Scraped fruits 0.33 ± 0.18 b 0.00 ± 0.00 b 20.60 ± 1.50a 449.276 < 0.0001
Damaged flowers 0.83±0.74 ab 0.00 ± 0.00 b 1.60 ± 0.25 a 7.424 < 0.0034
% defoliation 3.45 ± 0.16 a 0.46 ± 0.05 b 3.43 ± 0.23 a 261.013 < 0.0001
% bored fruits 9.80 ± 4.20 a 0.00 ± 0.00 b 15.22 ± 2.15 a 9.936 < 0.0001
% scraped fruits 6.86 ± 3.43 b 0.00 ± 0.00 b 33.98 ± 2.75 a 11.436 < 0.0001
% damaged flowersn.s. 0.67 ± 0.59 0.00 ± 0.00 1.43 ± 0.50 2.877 0.0776
Naupactus sp.1-L n.s. 0.20 ± 0.11 0.00 ± 0.00 0.50 ± 0.25 2.223 0.13199
Naupactus sp.1-Fr n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Naupactus sp.2-Fr n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Naupactus sp.3-L 0.00 ± 0.00 b 0.40 ± 0.13 ab 1.40 ± 0.60 a 5.147 < 0.0147
Apoptus sp.-L n.s. 0.40 ± 0.13 0.40 ± 0.22 0.70 ± 0.17 0.980 0.4579
Rhynochenus stigma-L n.s. 0.10 ± 0.08 0.00 ± 0.00 0.30 ± 0.12 2.750 0.08590
Oxyprora flavicornis-Ln.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Lepidoptera miners-L 15.90 ± 1.85 b 0.00 ± 0.00 c 25.10 ± 3.05 a 109.276 < 0.0001
Eunica bechina-L 0.00 ± 0.00 b 0.60 ± 0.13 a 0.20 ± 0.11 b 8.844 < 0.0015
Ctenuchiidae-L n.s. 0.00 ± 0.00 0.00 ± 0.00 0.20 ± 0.11 1.435 0.25960
Oecophoridae-L n.s. 0.10 ± 0.08 0.00 ± 0.00 0.10 ± 0.08 0.673 0.5983
Arctiidae-L n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Camaria sp.-L n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Oedionychus sp.-L n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Diabrotica speciosa-Ln.s. 0.00 ± 0.00 0.20 ± 0.11 0.10 ± 0.08 1.435 0.25960
Trigona spinipes-Fl n.s. 0.10 ± 0.08 0.00 ± 0.00 0.90 ± 0.75 1.265 0.30192

Means followed by the same letter (± SE) in the same row are not different by Tukey’s test (P < 0.05). Values of F and P were 
obtained by ANOVA. n.s. = non significant by ANOVA; dfs of treatments, blocks, and errors were 2, 11, and 22, respectively. L = 
leaves, Fl = flowers, and Fr = fruits.
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the other 2 areas (Leite et al. 2006a). Thirdly, the 
soil characteristics in the pasture were more fa-
vorable to C. brasiliense trees (Leite et al. 2006a), 
and thereby indirectly favoring the lepidopteran 
and coleopteran herbivores and their predators. 

Both habitat complexity and host-plant attri-
butes (such as architecture, and nutritional qual-
ity) influence the diversity of phytophagous and 
predaceous arthropods (Auslander et al. 2003; Es-
pírito Santo et al. 2007). Although in less complex 
environments the number of species associated 
with a given host species may be lower, abundance 
of each species is generally higher, increasing the 
likelihood that herbivores of economically valu-
able plants will become significant pest (Landis 
et al. 2000; Gonçalves-Alvim & Fernandes 2007; 
Gratton & Denno 2003; Coyle et al. 2005; Lazo et 
al. 2007). Mobile predators could respond to lo-
cal increases in vegetation complexity and to the 
presence of alternative prey and effectively sup-
press herbivores (Auslander et al. 2003). 

The higher populations of Coleoptera and Lep-
idoptera species and their predators (i.e., ants) 
on C. brasiliense trees with wider crowns may be 
strongly influenced by wind currents especially 
on the pasture. Leite et al. (2006a) observed the 
same results, but in relation the production of 
fruits on C. brasiliense. The period of blooming 
(Aug-Sep) of C. brasiliense trees occurs during the 
period with stronger winds, which results in high-
er production of fruits on trees with wider crowns 
because they are better protected from wind, es-
pecially on the pasture (Leite et al. 2006a). Ants 
can reduce E. bechina infestations as well as 
Edessa rufomarginata De Geer (Hemiptera: Pen-
tatomidae), Prodiplosis floricola Felt (Diptera: 
Cecidomyiidae) and petiole gall insects (Hyme-
noptera: Chalcidoidea) on C. brasiliense (Freitas 

& Oliveira 1996; Oliveira 1997). A similar reduc-
tion of beetle and caterpillars defoliators and 
lepidopteran leaf-miners by ants was observed 
on C. brasiliense trees as well as with predatory 
bugs and spiders. Spiders and predatory bugs are 
also important in other ecosystems (Landis et 
al. 2000; Almeida et al. 2006; Mizell 2007, Oberg 
et al. 2008, Venturino et al. 2008). Spiders and 
invertebrate predators produce higher densities 
in more complex vegetation (plant architecture) 
independently of prey (Landis et al. 2000). This 
was attributed to microclimate or to reduction of 
cannibalism and intraguild competition (Langel-
lotto 2002).

The highest number of the predators, Z. armil-
latus, Holopothrips sp., and spiders, in C. brasil-
iense trees on the university campus might be 
due to these trees having more leaves galled by 
Eurytoma sp. (Hymenoptera: Eurytomidae) than 
in the other 2 areas. Leite et al. (2009) observed 
these predators attacking this galling insect on 
C. brasiliense. In the case of green lacewings, the 
higher number observed on the university cam-
pus may be due to the large number of Aphis gos-
sypii Glover (Hemiptera: Aphididae) in this area 
because of its proximity to a vegetable production 
area (i.e., okra). Eurytoma sp. and A. gossypii were 
very abundant on the leaves both of seedlings and 
adult of C. brasiliense on the university campus 
area (Leite et al. 2006b, 2007). The low numbers 
of coleopteran and lepidopteran defoliators on the 
campus may have been caused by competition for 
food and space with galling insects and aphids in 
this area. However, more research is needed to 
elucidate this hypothesis. Competition between 
defoliators and other phytophagous insects (gall-
formers, aphids, leafhoppers, miners and mites) 
and natural enemies shows the importance of this 

tabLe 4. PreDators Per tree oF CaryoCar brasiliense in 3 areas at montes CLaros, minas Gerais state, braZiL. 

Predators Cerrado Campus Pasture F P

Crematogaster sp.-L 6.40 ± 0.93 b 3.60 ± 0.93 b 15.20 ± 2.40a 13.637 <0.0001
Crematogaster sp.-Fl 1.60 ± 0.93 b 0.40 ± 0.22 b 19.20 ± 3.56 a 45.468 <0.0001
Crematogaster sp.-Fr 0.20 ± 0.11 b 0.00 ± 0.00 b 6.30 ± 1.99a 15.057 <0.0001
Pseudomyrmex termitarius-L 1.10 ± 0.14 a 0.20 ± 0.11 b 0.60 ± 0.22 b 10.596 <0.0006
P. termitarius-Fr n.s. 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.08 1.435 0.25960
Spiders-L 0.90 ± 0.23 c 5.60 ± 0.53 a 2.10 ± 0.39 b 35.411 <0.0001
Spiders-Fl n.s. 0.00 ± 0.00 0.00 ± 0.00 0.30 ± 0.17 2.883 0.07724
Zelus armillatus-L 0.30 ± 0.18 b 20.40 ± 2.84 a 1.10 ± 0.19 b 117.601 <0.0001
Epipolops sp.-L 0.20 ± 0.11 b 0.00 ± 0.00 b 1.90 ± 0.34 a 47.515 <0.0001
Neocalvia fulgurata-L 0.00 ± 0.00 b 0.00 ± 0.00 b 1.50 ± 0.74 a 6.437 <0.0063
Chrysoperla sp.-L 0.30 ± 0.17 b 11.80 ± 1.65 a 0.00 ± 0.00 b 68.927 <0.0001
Calosoma sp.-L n.s. 0.00 ± 0.00 0.00 ± 0.00 0.20 ± 0.16 1.435 0.25960
Holopothrips sp.-L 0.40 ± 0.13 b 1.60 ± 0.44 a 1.60 ± 0.25 a 5.427 <0.0121
Trybonia sp.-L 0.30 ± 0.17 b 0.00 ± 0.00 b 14.90 ± 3.89 a 53.481 <0.0001

Means followed by the same letter (± SE) in the same row are not different by the test of Tukey (P < 0.05). Values of F and P 
were obtained by ANOVA. n.s. =non significant by ANOVA. df’s of treatments, blocks, and errors were 2, 11, and 22, respectively. 
L = leaves, Fl = flowers, and Fr = fruits.
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Fig. 1. Relationships between density and diversity of various phytophagous and predaceous arthropods and 
damage to Caryocar brasiliense trees in Montes Claros, Minas Gerais State, Brazil. Samples = 36. 
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Fig. 2. Relationships between abundance of phytophagous and predaceous arthropods on Caryocar brasiliense 
trees in Montes Claros, Minas Gerais State, Brazil. Samples = 36.
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Fig. 3. Relationships between soil and tree attributes and phytophagous and predaceous arthropods on Caryocar 
brasiliense trees in Montes Claros, Minas Gerais State, Brazil. Samples = 108.



828 Florida Entomologist 95(4) December 2012

last group on host-plants in the tropics (Morris 
et al. 2004). The study of food webs is complex 
due to interactions among host plants, phytopha-
gous insects, predators, parasitoids, and soil and 
climatic conditions (Gratton & Denno 2003). Few 
studies have examined food webs in complex eco-
systems such as the cerrado (Marquis et al. 2001; 
Gratton & Denno 2003; Morris et al. 2004).

The presence of nectaries on leaves, flowers, 
and sugary secretions of damaged fruits by in-
sects may explain the correlation between higher 
numbers of ants and reduction of defoliation by 
beetles, caterpillars and leaf mining by Lepidop-
tera. Spatial distributions of larvae that produce 
substances attractive to ants and tending ants 
were strongly aggregated, suggesting an influ-
ence of ants on the oviposition or larval survival 
of this group of herbivores (Kaminski 2008; Sen-
doya et al. 2009).

Finally, the lepidopteran and coleopteran defo-
liators and lepidopteran leaf miners found on C. 
brasiliense plants were correlated with higher soil 
aluminum levels and acidity. The soil of the pas-
ture was loamier than that of the university cam-
pus (silt and compressed texture), and that of the 
cerrado (sandy texture) (Leite et al. 2006a). Soils 
of the cerrado are, in general, deep and loamy pro-
viding excellent storage capacity of rainfall, rich 
in aluminum and with low pH, but deficient in 
nutrients (Sousa & Lobato 2004). The soil of the 
pasture had higher levels of aluminum and lower 
pH values and lower combined calcium, potassi-
um and magnesium than the soil of the campus 
(Leite et al. 2006a). The C. brasiliense (Oliveira 
1997; Leite et al. 2006a) and its Coleoptera and 
Lepidoptera species may have adapted to these 
challenging cerrado conditions (i.e., poor and acid 
soils). Leite et al. (2012) observed that C. brasil-
iense trees in areas where the soils contained 
higher levels of summed chemical bases and total 
sand (fine + gross) were less healthy. Moreover, the 
areas whose soils contained higher levels of alumi-
num and clay had higher percentages of healthy 
C. brasiliense trees and branches. Overall, higher 
mortality of C. brasiliense trees may be associated 
with higher pH and lower content of aluminum, 
silt and clay, with competition with other tree spe-
cies for nutrients, water and light, with the at-
tack of Cossidae (Lepidoptera) and particularly 
with the attack of Phomopsis sp. fungi. Leite et 
al. (2011d) had observed higher numbers of cossid 
pupae and more frass produced by Cossidae (Lepi-
doptera) in C. brasiliense in soils that had higher 
levels of potassium, calcium, magnesium, summed 
bases, cationic exchange capacity and organic mat-
ter and lower amounts of fine sand.

The Coleoptera and Lepidoptera species with 
higher potentials to become pests in commercial 
C. brasiliense plantations are Apoptus sp. (Cole-
optera: Curculionidae) and lepidopteran miners 
on leaves, and Carmenta sp. (Lepidoptera: Se-

siidae) on fruits. Besides these, Eurytoma sp., 
A. gossypii, and Phomopsis sp. on leaves, wood 
boring Cossidae in trunks, and E. rufomarginata 
on flowers and fruits are important pests on C. 
brasiliense (Leite et al. 2006b, 2007, 2009, 2011d, 
2012).

Farmers have preserved forest or cerrado 
areas where the soil conditions are poor (more 
sandy or rocky, as noted in areas of cerrado in 
the north of Minas Gerais State), and where the 
production and natural regeneration of C. brasil-
iense is reduced (Leite et al. 2006a, 2011d, 2012). 
On pastures, the rate of natural regeneration by 
seedlings of C. brasiliense is also low. Although 
the pasture soils have more clay, the seedlings of 
this plant are constantly pruned by cultivation, 
burning, or grazing (Leite et al. 2006a). Moreover, 
in both pasture and cerrado, fruit collectors re-
move almost all fruits of C. brasiliense and thus 
reduce considerably the natural propagation of 
this plant. All of this can lead to a serious risk 
of increased insect attack and extinction of C. 
brasiliense (Leite et al. 2006a).

Greater habitat diversity and more complex 
plant architectures favored populations of Cole-
optera and Lepidoptera and their predators. Ants, 
spiders, and predatory bugs are important in the 
reduction of these groups of herbivores. Higher 
wind speeds can induce defoliators to shelter on 
trees with wider crowns. The positive correlations 
of soil aluminum content and acidity with defolia-
tors indicate that these species are adapted to the 
natural cerrado conditions. 

aCknoWLeDGments

To Dr. A. D. Brescovit (Instituto Butantã - Aracni-
dae), A.M. Bello (Coleoptera), I.C. Nascimento (EM-
BRAPA - Formicidae), C. Matrangolo (UNIMONTES 
- Formicidae), A. Camargo (EMBRAPA - Lepidoptera), 
and R.C. Monteiro (Thysanoptera) for the identification 
of the specimens. To the Brazilian agencies “Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq)”, “Fundação de Amparo à Pesquisa do Estado de 
Minas Gerais (FAPEMIG)” and “Secretaria de Ciência e 
Tecnologia do Estado de Minas Gerais”.

reFerenCes CiteD

aGuiar, L. m. s., anD CamarGo, a. J. a. 2004. Cerrado: 
Ecologia e caracterização. Planaltina, EMBRAPA - 
CPAC.

aLmeiDa, C. i. m., Leite, G. L. D., roCha, s. L., maChaDo, 
m. m. L., anD maLDonaDo, W. C. h. 2006. Fenologia e 
artrópodes de Copaifera langsdorfii no cerrado. Rev. 
Brasileira Plant Med. 8: 64-70. 

araúJo, F. D. 1995. A review of Caryocar brasiliense 
(Caryocaraceae) - an economically valuable species 
of the central Brazilian cerrados. Econ. Bot. 9: 40-48. 

ausLanDer, m., neVo, e., anD inbar, m. 2003. The effects 
of slope orientation on plant growth, developmental 
instability and susceptibility to herbivores. J. Arid 
Environ. 55: 405-416.



 Leite et al.: Habitat, Herbivores, Predators and Caryocar brasiliense 829

boiça, J. r., arLinDo, L., tereZinha, s. m., anD Passi-
LonGo, J. 2004. Trigona spinipes (Fabr.) (Hymenop-
tera: Apidae) in passion fruit species: seasonal fluc-
tuation, visitation time and flower damage. Neotrop. 
Entomol. 33: 135-139.

branDão, m., anD GaViLanes, m. L. 1992. Espécies pa-
dronizadoras do cerrado mineiro e sua distribuição 
no estado. Inf. Agrop. 16: 5-11.

briDGeWater, s., ratter, J. a., anD ribeiro, J. F. 2004. 
Biogeographic patterns, β-diversity and dominance 
in the cerrado biome of Brazil. Biodiv. Conserv. 13: 
2295-2318.

CoyLe, D. r., nebeker, t. e., hart, e. r., anD mattson, 
W. J. 2005. Biology and management of insect pests 
in North American intensively managed hardwood 
forest systems. Ann. Rev. Entomol. 50: 1-29.

Da siLVa, J. m. C., anD bates, J. m. 2002. Biogeographic 
Patterns and Conservation in the South American 
Cerrado: A Tropical Savanna Hotspot. Bioscience 52: 
225-233.

DuriGan, G., nishikaWa, D. L. L., roCha, e., siLVeira, e. 
r., PuLitano, F. m., reGaLoDo, L. b., CarVaLhaes, m. 
a., ParanaGuá, P. a., anD ranieri, V. e. L. 2002. Car-
acterização de dois estratos da vegetação paulista 
em uma área de cerrado no município de Brotas, SP 
Brasil. Acta Bot. Brasileira 16: 251-262. 

esPírito-santo, m. m., neVes, F. s., anDraDe-neto, F. 
r., anD FernanDes, G. W. 2007. Plant architecture 
and meristem dynamics as the mechanisms deter-
mining the diversity gall-inducing insects. Oecologia 
153:353-364.

Ferreira, L. C., anD Junqueira, r. G. 2007. Microbiologi-
cal evaluation of pequi (Caryocar brasiliense Camb.) 
preserves made from a typical Brazilian fruit. World 
J. Microbiol. Biotechnol. 23:1179-1181.

Freitas, a. V. L., anD oLiVeira, P. s. 1996. Ants as selec-
tive agents on herbivore biology: Effects on the be-
haviour of a non-myrmecophilous butterfly. J. Anim. 
Ecol. 65: 205-210.

GarCia, C. C., FranCo, b. i. P. m., ZuPPa, t. o., antoniosi 
FiLho, n. r., anD LeLes, m. i. G. 2007. Thermal sta-
bility studies of some cerrado plant oils. J. Therm. 
Anal. Cal. 87: 645-648.

GonçaLVes-aLVim, s. J., anD FernanDes, G. W. 2007. 
Plant architecture and meristem dynamics as the 
mechanisms determining the diversity gall-inducing 
insects. Oecologia 153: 353-364.

Gratton, C., anD Denno, r. F. 2003. Seasonal shift from 
bottom-up to top-down impact in phytophagous in-
sect populations. Oecology 134:487-495.

hiLL, m. o. 1973. Diversity and evenness: a unifying 
notation and its consequences. Ecology 54: 427-432.

kaminski, L. a. 2008. Polyphagy and obligate myr-
mecophily in the butterfly Hallonympha paucipunc-
ta (Lepidoptera : Riodinidae) in the neotropical Cer-
rado Savanna. Biotropica 40: 390-394.

khouri, J., resCk, i. s., Poças-FonseCa, m., sousa, t. m. 
m., Pereira, L. o., oLiVeira, a. b. b., anD GrisoLia, C. 
k. 2007. Anticlastogenic potential and antioxidant 
effects of an aqueous extract of pulp from the pequi 
tree (Caryocar brasiliense Camb). Genet. Mol. Biol 
30: 442-448.

kLink, C. a., anD maChaDo, r. b. 2005. A conservação do 
cerrado brasileiro. Megadiversidade 1:147-155.

LanGeLLotto, G. a. 2002. Aggregation of invertebrate 
predators in complex-structured habitats: role of al-
tered cannibalism, intraguild predation, prey avail-

ability, and microclimate. Ph. D. Thesis. College 
Park, University of Maryland.

LanDis, D., Wratten, s. D., anD Gurr, G. m. 2000. Habi-
tat management to conserve natural enemies of ar-
thropod pests in agriculture. Ann. Rev. Entomol. 45: 
175-201. 

LaZo, J. a., VaLDes, n. V., samPaio, r. a., anD Leite, G. 
L. D. 2007. Diversidad zoológica asociada a un silvo-
pastoreo leucaena-guinea con diferentes edades de 
establecimiento. Pesq. Agropec. Brasileira 42: 1667-
1674.

Leite, G. L. D., VeLoso, r. V. s., ZanunCio, J. C., Fer-
nanDes, L. a., anD aLmeiDa, C. i. m. 2006a. Phenol-
ogy of Caryocar brasiliense in the Brazilian Cerrado 
Region. Forest Ecol. Manag. 236: 286-294.

Leite, G. L. D., VeLoso, r. V. s., reDoan, a. C. m., LoPes, 
P. s. n., anD maChaDo, m. m. L. 2006b. Artrópodes 
(Arthropoda) associados a mudas de pequizeiro 
Caryocar brasiliense Cambess. (Caryocaraceae). 
Arqu. Inst. Biol. 73:365-370.

Leite G. L. D., VeLoso, r. V. s., Castro, a. C. r., LoPes, 
P. s. n., anD FernanDes, G. W. 2007. Efeito do AIB 
sobre a qualidade e fitossanidade dos alporques de 
Caryocar brasiliense Camb. (Caryocaraceae). Rev. 
Arv. 31: 315-320.

Leite, G. L. D., VeLoso, r. V. s., siLVa, F. W. s., Guana-
bens, r. e. m., anD FernanDes, G. W. 2009. Within 
tree distribution of a gall-inducing Eurytoma (Hy-
menoptera, Eurytomidae) on Caryocar brasiliense 
(Caryocaraceae). Rev. Brasileira Entomol. 53: 643-
648.

Leite, G. L. D., VeLoso, r. V. s., ZanunCio, J. C., aLVes, 
s. m., amorim, C. a. D., anD souZa, o. F. F. 2011a. 
Factors affecting Constrictotermes cyphergaster 
(Isoptera: Termitidae) nesting on Caryocar brasil-
iense trees in the Brazilian savanna. Sociobiology 
57: 165- 180.

Leite, G. L. D., Cerqueira, V. m., D’áViLa, V. a., maG-
aLhães, C. h. P., anD FernanDes, G. W. 2011b. Dis-
tribution of a leaf vein gall in Caryocar brasiliense 
(Caryocaraceae) Tree. Rev. Caatinga 24:186-190.

Leite, G. L. D., D’áViLa, V. a., Cerqueira, V. m., nasCi-
mento, a. F., anD FernanDes, G. W. 2011c. Spatial 
distribution of a spherical gall (Hymenoptera, Eu-
lophidae) on Caryocar brasiliense (Caryocaraceae). 
Rev. Brasileira Entomol. 55:396-400. 

Leite, G. L. D., aLVes, s. m., nasCimento, a. F., LoPes, 
P. s. n., Ferreira, P. s. F., anD ZanunCio, J. C. 2011d. 
Identification of the wood borer and the factors af-
fecting its attack on Caryocar brasiliense trees in the 
Brazilian Savanna. Acta Sci. Agron. 33: 589-566.

Leite, G. L. D., nasCimento, a. F., aLVes, s. m., LoPes, P. 
s. n, saLes, n. L. P., anD ZanunCio, J. C. 2012. Mor-
tality of Caryocar brasiliense in the north of Minas 
Gerais State, Brazileira Acta Sci. Agron. (in press).

LoPes, P. s. n., souZa, J. C., reis, P. r., oLiVeira, J. m., 
anD roCha, i. D. P. 2003. Caracterização do ataque 
da broca dos frutos do pequizeiro. Rev. Brasileira 
Frut. 25: 540-543.

marquis, r. J., DiniZ, i. r., anD morais, h. C. 2001. Pat-
terns and correlates of the interspecific variation in 
foliar insect herbivory and pathogen attack in Bra-
zilian cerrado. J. Trop. Ecol. 17:127-148.

miZeLL, r. F. 2007. Impact of Harmonia axyridis (Co-
leoptera: Coccinellidae) on native arthropod preda-
tors in pecan and crape myrtle. Florida Entomol. 90: 
524-536.



830 Florida Entomologist 95(4) December 2012

miZumaChi, e., mori, a., osaWa, n., akiyama, r., anD 
tokuChi, n. 2006. Shoot development and extension 
of Quercus serrata saplings in response to insect dam-
age and nutrient conditions. Ann. Bot. 98: 219-226.

morris, r. J., LeWis, o. t., anD GoDFray, h. C. J. 2004. 
Experimental evidence for apparent competition in a 
tropical forest food web. Nature 428: 310-313.

myers, n., mittermeier, r. a., mittermeier, C. G., Fon-
seCa, G. a. b, anD kent, J. 2000. Biodiversity hotspots 
for conservation priorities. Nature 403:853-858.

oberG, s., mayr,. s., anD Dauber, J. 2008. Landscape ef-
fects on recolonisation patterns of spiders in arable 
fields. Agric. Ecos. Environ. 123: 211-218.

oLiVeira, P. s. 1997. The ecological function of extraflo-
ral nectaries: herbivore deterrence by visiting ants 
and reproductive output in Caryocar brasiliense 
(Caryocaraceae). Func. Ecol. 11: 323-330.

oLiVeira, P. s., anD marquis, r. J. 2002. The cerrados of 
Brazil: ecology and natural history of a neotropical 
savanna. New York, Columbia Univ. Press.

Pinheiro, F., DiniZ, i. r., CoeLho, D., anD; banDeira, m. 
P. s. 2002. Seasonal pattern of insect abundance in 
the Brazilian cerrado. Austral. Ecol. 27: 132-136.

ribeiro, J. F., anD WaLter, b. m. t. 1998. Fitofisionomi-
as do Bioma Cerrado In Cerrado: Ambiente e Flora. 
Planaltina, EMPRAPA - CPAC.

sastaWa, b. m., LaWan, m., anD maina, y. t. 2004. Man-
agement of insect pests of soybean: effects of sowing 
date and intercropping on damage and grain yield in 
the Nigerian Sudan savanna. Crop Prot. 23: 155-161.

seGaLL, s. D., artZ, W. e., rasLan, D. s., FerraZ, V. P., 
anD takahashi, J. a. 2005. Triacylglycerol analysis 

of pequi (Caryocar brasiliensis Camb.) oil by electro-
spray and tandem mass spectrometry. J. Sci. Food 
Agric. 86:445-452.

senDoya, s. F., Freitas, a. V. L., anD oLiVeira, P. s. 2009. 
Egg-laying butterflies distinguish predaceous ants 
by sight. Am. Naturalist 174: 134-140.

siqueira, k. m. m., kiiLL, L. h. P., martins, C. F., Lemos, 
i. b., monteiro, s. P., anD FeitoZa, e. a. 2008. Estudo 
comparativo da polinização de Mangifera indica L. 
em cultivo convencional e orgânico na região do Vale 
do Submédio do São Francisco. Rev. Brasileira Frut. 
30: 303-310.

sousa, D. m. G., anD Lobato, e. 2004. Cerrado: correção 
e adubação. Planaltina, EMBRAPA - CPAC.

toWnsenD, C. r., berGon, m., anD harPer, J. L. 2006. 
Fundamentos em ecologia. Porto Alegre, Artmed.

Venturino, e., isaia, m., bona, F., ChatterJee, s., anD 
baDino, G. 2008. Biological controls of intensive 
agroecosystems: Wanderer spiders in the Langa as-
tigiana. Ecol. Complex. 5: 157-164.

VianeLLo, r. F., anD aLVes, a. r. 2000. Meteorologia 
básica e aplicações. Viçosa, UFV.

Zanetti, r., ZanunCio, J. C., ViLeLa, e. F., Leite, h. G., 
JaFFé, k., anD oLiVeira, a. C. 2003. Level of economic 
damage of leaf-cutting ants in Eucalyptus planta-
tions in Brazil. Sociobiology 42: 433-442. 

ZanunCio, J. C., LoPes, e. F., Zanetti, r., PratissoLi, 
D., anD Couto, L. 2002. Spatial distribution of 
nests of the leaf cutting ant Atta sexdens rubro-
pilosa (Hymenoptera: Formicidae) in plantations 
of Eucalyptus urophylla in Brazil. Sociobiology 39: 
231-242. 


