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ABSTRACT

The ground-pearl, Enrbizococcus brasiliensis (Hempel in Wille), is a hy-
pogeic hemipteran that feeds on plant roots, being one of the major pests of
vineyards. Ant species may account for the dispersal of scale insects, since the
ants tend first instar nymphs for honeydew. This research was conducted to
investigate, under experimental conditions, whether the ants also recognize
and carry E. brasiliensis cysts. Therefore, choice experiments were conducted
in two vineyards naturally infested with the ground-pearl, in the municipal-
ity of Bento Gongalves, RS. From the 11 ant species observed visiting the
cysts only two were actively dispersing them, Linepithema micans (Forel
1908) and an unidentified Pheidole species. This Pheidole species and the L.
micans removed and carried E. brasiliensis cysts. The workers of L. micans
visited the greatest amount of test plates, but the Pheidole sp.11 workers
removed more cysts. Although both species were more active to disperse
the hemipteran’s cysts, L. micans workers were dominant in reference to
the workers of Pheidole sp.11. Thus, in the vineyards where they occurred
together; if the first species is controlled, the second species can become the
main E. brasiliensis disperser.
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INTRODUCTION

Trophobiosis is a mutualistic relationship between ants and hemipterans
(Fischer & Shingleton 2001), which can be facultative or obligatory (Way
1963, Schultz & McGlynn 2000). Ants associate with hemipterans to get
honeydew, rich in carbohydrates and amino acids, ecologically equivalent
to extrafloral nectaries (Bristow 1991). Most species that visit hemipterans
are regarded as opportunistic, and they show feeding characteristics similar
to those seen in extrafloral nectaries’ visiting ants, generally, the same species
(Carrol & Janzen 1973, Delabie & Ferndndez 2003). One explanation for the
ant-hemipteran interaction is the chemical composition of honeydew, which
variesaccordingto the host plant from which the hemipteran obtains the sap,
seeing that the excreted substances are the ones which would attract the ants
(Bristow 1991; Fischer ez 2/. 2001, Fischer & Shingleton 2001).

Most ant species which associate with hemipterans belong to the
Dolichoderinae, Formicinae, and Myrmicinae subfamilies, but some belong
to the Ponerinae (Way 1963, Schultz & McGlyn 2000, Delabiec 2001, Delabie
& Ferndndez 2003). Some species of Dolichoderinac and Formicinae seem
to be more adjusted since they have well-developed structures to collect the
fluid later transferred to the other colony’s individuals through trophallaxis
(Holldobler & Wilson 1990). In general, hemipterans are myrmecophilous.
As they depend on ants to eliminate honeydew, they tend to make their ten-
der easy; if the hemipteran fails to get rid of it, fungi can grow and cause its
death (Way 1963, Fischer ez /. 2001). The hemipteran's size is also a major
characteristic for the ant, since it must be carried in case there is food scarcity
in the host plant or it has to be protected against natural enemies (Delabie
2001, Delabie & Fernandez 2003).

Margarodidae is a Hemiptera family in which the individuals stand out
for their size. From that family, Eurhizococcus brasiliensis (Hempel in Wille
1922), due to its subterranean life and cyst shape, is known as the ground-
pearl (Gallotti 1976). Its facultative parthenogenetic reproduction gives
forth a generation per year, with oviposition occurring inside the cysts. In
their sexual phase, females leave the cysts and go to the surface to copulate,
soon returning to the ground for oviposition. Oviposition along the sexual
phase happens from November to February, as well as cyst eclosion (Soria ez
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al. 1990, Soria & Dal Conte 2000), corresponding to the hot and dry season
in Southern Brazil.

Since adults lack a mouth apparatus, only the ground-pearl nymphs suck
sap. Nymphshavelegsand antennae, but their mobility is poor (Gallotti 1976,
Soria et al. 1990, Soria & Braghini 1999). When ants look for honeydew,
in their turn, they associate with the hemipterans and, in exchange for food,
they disperse the nymphs to other sites of the host plant or farther, besides
offering protection against natural enemies (Hickel 1994, Soria & Dal Conte
2000, Botton ez al. 2000, 2003).

In Rio Grande do Sul, vineyards are the greatly affected by this activity.
Vineyard growth is a major revenue source of the Serra Gatucha, which ac-
counts for nearly 60% of vineyard production in Brazil (Mello 2001). When
hemipterans suck the sap, it triggers a gradual decrease of plant vitality, fol-
lowed by a decrease in grape production, and eventually the vineyard’s death
(Soria & Braghini 1999, Botton ez al. 2003).

From the Formicinae subfamily, Linepithema humile (Mayr) is considered
the main species associated with ground-pear]l nymph dispersion (Hickel
1994, Botton ez al. 2000,2003, Soria & Dal Conte 2000), but other antsand/
or hemipterans can be involved. The objective of this work was to identify,
under experimental conditions, the ant species which recognize and carry
E. byasiliensis cysts in vineyard cultivation areas, naturally infested by that
hemipteran, in the Serra Gaucha.

MATERIAL AND METHODS

Study area

Bento Gongalves municipality (29°56'S;51°33"W ) islocated in the Encosta
Superior do Nordeste of the Serra Gaticha, in the Depressao Central of Rio
Grande do Sul, 645 meters above sea level. According to Koppen’s classifica-
tion, the climate there is subtropical and wet, with temperature ranging from
—4°C to 36°C. Annual rainfall is about 1,700 mm, and the relative air humid-
ity is approximately 76% (www.bentogoncalves.com.br). The regional native
vegetation is mixed ombrophilous forest, of the montane type, where clay
latosoils are prevalent, from basic basalt outpourings (Teixeira ez al. 1986).

Tests were carried out in March 2005, in two vineyards of the Vitis labrusca
cv. Isabel cultivar - Valé dos Vinhedos (VV) and Pinto Bandeira (PB) - about
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20km apart from each other, both naturally infested by the ground pearl.
The vineyards occupy a hectare, with 2.5-meter intervals between each two
vines.:

Experiments

To capture the antspecies which disperse ground-pearl cysts, ten cardboard
plates (18cm x 10cm) were randomly distributed on the ground, divided into
twelve-15cm? sectors. In six sectors, sorted out onto each plate, ground-pearl
cysts were placed (1/sector), with the same amount of sweet pellets (0 = 3
mm) in the other sectors. The plates, the cysts, and the pellets were used only
once to avoid markings made with pheromones by the ants. Thirty minutes
was the observation time per plate, with the time taken by the ants to arrive
at the test plates, and the number of cysts and pellets dislocated and removed
by the ants being recorded. A dislocation (D) occurred when the cystsand/or
pellets were displaced from the sector, but not from the plate; a removal (R)
was defined as completely moving the cysts and/or pellets out of the plate.

Ant identification

The workers of each species visiting the plates, dislodgingand/or removing
cysts and/or pellets were collected and placed into flasks with 70% alcohol,
and collection data. Bolton’s proposition (2003) was adopted for subfamily,
and genera classification was made according to Bolton (1994). Species and
morphospecies were separated through comparison with the Formicidae Col-
lection, of the Laboratério de Insetos Sociais da UNISINOS (Sao Leopoldo,
RS), where the vouchers are deposited.

Data Analysis

Inorderto testwhether the differencesbetween the occurrence frequencies
ofthe twovineyards’ antsand whether the differences between the numbers of
thedislocated cystsand the removed cystsin cach vineyard were significant,an
Analysis of Variance (ANOVA) was carried out, and Tuckey’s test was carried
out for the significant results. The comparison of the mean arrival time of the
ants at the plates, and the comparison of the mean numbers of the removed
cysts from both vineyards were made through the Student’s t-test. The SYSTAT
11 program (Wilkinson 2000) was used for all statistical analyses.
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RESULTS

The mean time to begin plate visits to the VV vineyard was 2.8 + 1.9
minutes (limits 1.0 — 8.0 minutes), whereas in PB it was 2.1 + 1.2 (limits
1.0 - 5.0 minutes), a non-significant difference between those times (¢=0.97,
df=18, P<0.05).

A total of 11 ant species visited the plates in both vineyards (Fig. 1), from
which seven (Table 1) were common to the two vineyards. Two taxa were
found exclusively in the VV vineyard (Camponotus sp.5 and Paratrechinasp.),
and two other taxa (Hylomyrma sp.1 and Pheidole sp.15) only in PB. The
frequencies of the 11 species which visited the plates in both vineyards varied
significantly (F, | = 11.501 P<0.0001). L. micans was the most frequent
species, followed by Wasmannia sp and Camponotus rufipes (Fig. 1).

Of the 60 sweet pellets alloted by vineyard, only two (3.3%) in VV, and
four (6.7%) in PB were displaced by the ants, but none were removed. In both
vineyards, seven species visited the E. brasiliensis cysts, from which four were
common to both vineyards (Table 1). As for cysts, in the VV vineyard 40.0%
were removed, whereas in PB the ants carried 58.3%. Despite the difference
in the amount of removed cysts per each species in both vineyards (Fig. 2),
a comparison of the total mean numbers of the removed cysts per vineyard

(Fig. 3) showed no significant differences (t = 1.095; P > 0.005).
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Fig. 1 - Mean (+ SD) frequency of occurrence (in arcsin) of the ant species visiting the test-plates
(N=20) in both vineyards in Bento Gongalves, RS.
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Table 1. Number of visited test-plates (N,,), number and frequency of Eurhizococcus brasiliensis
dislocated cysts [N (%)],and numberand frequency of removed cysts [N (%)] by each antspecies
in Vale dos Vinhedos (VV) and Pinto Bandeira (PB) vineyards, in Bento Gongalves, RS.

\A% PB

Species N, N, (%) N, (%) N, N, (%) N, (%)
Camponotus rufipes 5 2(3.3) 0(-) 5 3(5.0) 0(-)
Linepiz‘bemﬂ micans 8 9 (15.0) 9 (15.0) 7 15 (25.0) 14 (23.3)
Pachycondyla striata 4 3(5.0) 1(1.7) 3 1(1.7) 0(-)
Paratrechina sp. 2 2(33) 2(33) 0 0(-) 0(-)
Pheidole sp.11 3 12 (20.0) 12 (20.0) 4 18 (30.0) 18 (30.0)
Pheidole sp.15 0 0(-) 0(-) 1 1(1.7) 1(17)
Solenopsis invicta 2 0(-) 0(-) 4 3(5.0) 2(3.3)

24 28 (46.6) 24 (40.0) 24 41(68.3) 35(58.3)

10 test-plates/vineyards; 6 cysts/plate

Only two species removed significantly (Tuckey P<0.005) more cysts
than the other ones: Pheidole sp.11 (20.0% in VV, and 30.0% in PB), and
L. micans (15.0% in VV, and 23.3% in PB). Nevertheless, the differences in
the frequencies of the removed cysts, either by Pheidole sp. and L. micans,
between VV and PB vineyards were not significant.

DISCUSSION

The mean time recorded when visits began was similar in both vineyards,
and the first ants to arrive at the plates, in general, were Camponotus rufipes,
Camponotus sp.S, P, striata, and Wasmannia sp.. Despite C. mﬁpes workers
showing a high occurrence frequency, and their dislocation of some cysts
on some plates, they did not carry them. Many species of the Camponotus
genus show trophobiotic relationships with hemipterans (Way 1963, Buck-
ley 1987a, b), but C. rufipes did not show any evidence which allowed us to
connect it to cyst dispersion. But it must be emphasized that both C. rufipes
workers and the Camponotus sp.5 workers were quickly expelled from test
platesby L. micans. According to Andersen (2000), the main characteristic to
include a Camponotus species into the functional group of the subordinated
camponotinean is submission to the ants belonging to the Dolichoderinae
subfamily.

A confrontation between L. micans workers and Pheidole sp.11 workerson
a plate where both species had co-occurred was observed, where the Pheidole
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workers, despite being the first ones toarrive, were expelled by the Linepithema
workers. According to Andersen (1997,2000), ants of the Pheidole genus are
generalists, and they frequently fight the dolichoderineans for food. Bond &
Slingsby (1984) reported that L. humile, an invasive ant in South Africa, also
expelled native species, despite taking longer to arrive at the test seeds.

Although Wasmanniasp. presented the second-highestvisitation frequency
to the plates, it neither displaced, nor removed the ground-pearl cysts, prob-
ably due to its very small size. The only behavior shown by the workers was
antennation of the sweet pellets and the E. brasiliensis cysts.

Pheidole sp.1 5
Pachycondyla siriata

Solenopsis invicta

Species

Paratrechina sp.
Linepithema micans

Pheidole sp.11

T T Y T

0 5 10 7 1
No. of Removed Cysts

h
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Fig. 2 - Mean (+ SD) number of removed cysts of Eurhizococcus brasiliensis by cach ant species in
both vineyards in Bento Gongalves, RS.

Removed Cysts
\\‘*
N
4% CN——
’ &\

Vineyard

Fig. 3 — Mean (+ SD) number of removed cysts of Eurhizococcus brasiliensis by the ants at Vale dos
Vinhedos (VV) and Pinto Bandeira (PB) vineyards in Bento Gongalves, RS.
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Onmany plates, theantsonly displaced some cystsand very few sweet pellets
from one sector to the other. Only three species (C. rufipes, Hylomyrma sp.1,
and P. striata) displaced the pellets, but they did not remove them, showing
that, despite being sweet, they were not attractive.

From the six species of ants which removed ground-pearl cysts, P striata,
Paratrechina sp., Pheidole sp.15, and S. invicta only took the cysts out of the
plates to leave them right after. Despite being a patrolling and generalistic
predator species (Silvestre ez al. 2003), P, striata did not show interest in the
removed cysts, leavingthem beside the plate. Asto S. invicta, workers removing
afew E brasiliensis cysts were noticed only in the PB vineyard. According to
Buckley (1987a), S. invicta can show mutualistic interactions with hemipter-
ans, but because they are rare, these interactions are seldom observed.

Two species were significantly different from the other species regarding
the number of removed cysts: Pheidolesp.11 and L. micans. Inboth vineyards,
despite visitingless plates, Pheidole sp.11 workers carried many more ground-
pearl cysts than L. micans workers, which visited more plates, but the former
workers removed fewer cysts. Ants from both species were seen carrying cysts
as far as ground openings, possibly their nest openings. The recruiting system
was also more active in Pheidole sp.11 than in L. micans, whose workers took
longer to arrive at the plates and remove the cysts.

Some Pheidolespecies, suchas P biconstricta, show mutualistic interactions
with hemipterans (Blittghen ez 4/.2000). It was reported by Campbell (1994)
that P megacephala is positively correlated with the presence of a pseudococ-
cidae species, Formicicoccus njalensis Laing, in cocoa plantations in Ghana.
This author also noticed that the hemipteran abundance increased with the
presence of P megacephala, but when another ant species (Crematogaster
clariventris Mayr) regarded as dominant was present, the association was not
so intense. In pineapple plantations in Hawaii, P megacephala was regarded
as the main disperser of the pseudococcid Dysmicoccus brevipes (Cockrell).
In the absence of that ant, the D. brevipes population decreased dramatically
because it was attacked by its natural enemies (Gonzales-Herndndez ez al.
1999). In South-African vineyards, Addison & Samways (2000) observed
two species of Pheidole tending hemipterans, but dominance indexes were
low when compared with L. humile’s indexes. Similar results were observed
in this study, because, despite the fact that Pheidole sp.11 removed more cysts,
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L. micans showed dominance and expelled that species’ workers from plates
with E. brasiliensis cysts.

The trophobiotic relationship between L. humile and hemipterans may be
one of the most well-known relationships of this kind, referenced by many
authors (Way 1963, Buckley 1987a, b, Bristow 1991, Buckley & Gullan
1991, Hollway ez al. 2002). This species, prevalent in most ecosystems, is an
invader in many world regions (Way ez a/. 1999). According to Hollway ez
al. (2002), invading species have a tendency to increase their abundance in
areas where there are many hemipterans, and may be more efficient tenders
than native ants. One feature which may give L. humile a greater success in
its interactions with hemipterans is its aggressiveness, because, according to
Buckcley & Gullan (1991), aggressive species protect the hemipterans they
tend better. Way (1963) reported that the aggressiveness shown by L. humile
increases when the honeydew supply gets scarce. Addison & Samways (2000)
noted that in vineyards with less abundance of hemipterans L. humile was
not prevalent. In that situation another ant species, Technomyrmex albipes
(Smith), was the main disperser of Planoccocus ficus (Signoret).

The findings in both vineyards show that Pheidole sp.11 plays a major role
in ground-pearl cyst dispersion. But, despite the large number of transported
cysts, that ant can not be seen as the main disperser because it is subordinate
to L. micans. More detailed studies could provide important information
regarding the dominance degree between those two species. Concomitantly,
besides first-instar nymphs beingdispersed by L. humile,as previously reported
(Hickel 1994, Botton ez al. 2000, 2003), this paper showed that cysts are also
transported by L. micans,aswell asbya Pheidole species, thus favoringstill more
the dispersion of E. brasiliensis, and the infestation of more vineyards.

ACKNOWLEDGMENTS

To the Embrapa Uva & Vinho trainee, Aline Nondillo, for collection of
ground-pearl cysts to carry out the experiments. To the vineyard owners for
allowingusto conduct thiswork in theirland. The third authorwas supported
by a grant from the Conselho Nacional de Desenvolvimento Cientifico e

Tecnoldgico (CNPq).



952 Sociobiology Vol. 54, No. 3, 2009

REFERENCES

Addison, P. & M.J. Samways. 2000. A survey of ants (Hymenoptera: Formicidae) that
forage in vineyards in the Western Cape Province, South Africa. African Entomology
8:251-260.

Andersen, A. 1997. Functional groups and patterns of organization in North American ant
communities: a comparison with Australia. Journal of Biogeography 24: 433-460.

Andersen, A. 2000. Global ecology of rainforest ants: Functional groups in relation to
environmental stressand disturbance. pp.25-34.In: Agosti, D.,].D. Majer, L.E. Alonso &
T.R.Schultz (eds.) Ants: Standard methods for measuringand monitoringbiodiversity,
Smithsonian Institution Press, Washington, 280pp.

Bliithgen, N., M. Verhaagh, W. Goitia, K. Jaft¢, W. Morawetz & W. Barthlott. 2000. How
plants shape the ant community in the Amazonian rainforest canopy: the key role of
extrafloral nectaries and homopteran honeydew. Oecologia 125: 229-240.

Bolton, B. 1994. Identification guide to the ant genera of the world, Harvard University
Press, Cambridge, MA, 222pp.

Bolton, B. 2003. Synopsis ant classification of Formicidae, The American Entomological
Institute, Florida, 370pp.

Bond, W. & P. Slingsby. 1984. Collapse of an ant-plant mutualism: the Argentine ant
(Iridomyrmex humilis) and myrmecochorous proteaceae. Ecology 65: 1031-1037.

Botton, M., E. Hickel, S.J. Soria & T. Teixeira. 2000. Bioecologia ¢ controle da pérola-da-
terra Eurhizococcus brasiliensis (Hempel 1922) (Hemiptera: Margarodidae) na cultura
da videira. Embrapa Circular Técnica 27: 23pp.

Botton, M., E.R. Hickel & S. de J. Soria. 2003. Pragas. pp. 82-105. Iz: Fajardo, TV.M (ed.),
Uva e processamento: Fitossanidade, Embrapa Uva ¢ Vinho (Bento Gongalves, RS).
Embrapa Informacao Tecnolégica, Brasilia, 131pp.

Buckley, R. 1987a. Ant-plant-homopteran interactions. Advances in Ecological Research
16: 53-85.

Buckley, R. 1987b. Interactions involving plants, Homoptera and ants. Annual Revue in
Ecological Systematics 18: 111- 135.

Buckley, R. & P. Gullan. 1991. More aggressive ant species (Hymenoptera: Formicidac)
provide better protection for soft scales and mealybugs (Homoptera: Coccidac,
Pseudococcidae). Biotropica 23: 282-286.

Bristow, C.M. 1991. Are ant-aphid associations a tritrophic interaction? Oleander aphids
and Argentine ants. Occologia 87: 514-521.

Campbell, C.A.M. 1994. Homoptera associated with the ants Cremarogaster clariventris,
Pheidole megacephala and Tetramorium aculeatum (Hymenoptera: Formicidae) on
cocoa in Ghana. Bulletin of Entomological Rescarch 84: 313-318.

Carrol, C.R. & D.H. Janzen. 1973. Ecology foraging by ants. Annual Revue of Ecological
Systematics 4: 231-257.

Delabie,].H.C.2001. Trophobiosisbetween Formicidae and Hemiptera (Sternorrynchaand
Auchenorryncha): an overview. Neotropical Entomolology 30: 501-516.




Sacchett, F. et al. — Ant Species Associated With Hemipterans In Vineyards 953

Delabie,].H.C. & F.Fernandez.2003. Relacionesentre hormigas y “homépteros” (Hemiptera:
Sternorryncha y Auchenorryncha). pp.181-200. /z2: Ferndndez, F. (ed.) Introduccién a
las hormigas dela region Neotropical, Instituto de Investigacién de Recursos Biolgicos
Alexandre von Humboldt, Bogotd, 398pp.

Fajardo, T.V.M. 2003. Introdugio. pp. 9-10. Iz: Fajardo, TV.M (ed.), Uva ¢ processamento:
Fitossanidade, Embrapa Uva e Vinho (Bento Gongalves, RS), Embrapa Informagao
Tecnoldgica, Brasilia,131pp.

Fischer, M.K. & AW. Shingelton. 2001. Host plant and ants influence the honeydew sugar
composition of aphids. Functional Ecology 15: 544-550.

Fischer, M.K.,,K.H.Hoffmann & W.V5lk.2001. Competition for mutualistinant-homopteran
interaction mediated by hierarchies of ant attendance. Oikos 92: 531-541.

Gallotti, B.J. 1976. Contribuicio para o estudo da biologia e para o controle quimico do
Eurhizococcus brasiliensis (Hempel, 1922). Dissertagio de Mestrado, Universidade
Federal do Parand, Curitiba.

Gonzilez-Herndndez, H., M:W. Johnson & N.J. Reimer. 1999. Impact of Pheidole megacephala
(E) (Hymenoptera: Formicidac) on the biological control of Dysmicoccus brevipes
(Cockerell) (Homoptera: Pseudococcidac). Biological Control 15: 145-152.

Hickel, E.R. 1994. Reconhecimento, coleta, transporte ¢ depésito de ninfas da pérola-da-
terra, Eurhizococcus brasiliensis (Hempel), pela formiga argentina Linepithema humile
(Mayr). Anais da Sociedade Entomoldgica do Brasil 23: 285-290.

Hélldobler, B. & E.O. Wilson. 1990. The Ants. Belknap Press of Harvard University Press,
Cambridge, MA, 732pp.

Hollway, D.A., L. Lach, AV. Suarez, N.D. Tsutsui & T.J. Case. 2002. The causes and
consequences of ant invasions. Annual Revue of Ecological Systematics 33: 181-233.

Mello, L.M.R. de. 2001. Cadastro viticola. /z: Mello, L.M.R. de (ed.). Cadastro viticola do
Rio Grande do Sul - 1995/2000. Embrapa Uva ¢ Vinho/Ibravin. Bento Gongalves:
CD-ROM

Ricklefs, E.R. 2001. A economia da natureza, Guanabara Koogan, Rio de Janeiro, 503pp.

Schultz, T.R. & T.P.McGlynn. 2000. The interactions of ants with other organisms. pp. 35-44.
In: Agosti, D., ].D. Majer, L.E. Alonso & T.R. Schultz (eds.), Ants: Standard methods
for measuring and monitoring, Smithsonian Institution Press. Washington, 280pp.

Silvestre, R., C.R.F. Brandio & R.R. Silva. 2003. Grupos funcionales de hormigas: el caso
de los gremios del Cerrado. pp. 113-148. In: Fernindez, F. (ed.) Introduccién a las
hormigas de la Regién Neotropical, Instituto de Investigacion de Recursos Biologicos
Alexandre von Humboldt. Bogotd, Colombia, 398pp.

Soria,S.deJ. & B.J. Galloti. 1986. O margarodes na culturadavideira Enrhizococcus brasiliensis
(Homoptera: Margarodidac): Biologia, ecologia ¢ controle no sul do Brasil. Embrapa
- CNPUV. Bento Gongalves. Circular Técnica 13: 22 pp.

Soria, S. de J., I Foldi & A.C. Klerk. 1990. Observacées sobre o desenvolvimento pos-
embrionario de Eurhizococcus brasiliensis (Hempel in Wille, 1922) (Homoptera:

Margarodidae). Ciéncia e Cultura 42: 527-529.



954 Sociobiology Vol. 54, No. 3,2009

Soria, S. de J. & L.C. Braghini. 1999. Controle quimico da pérola-da-terra Enrbizococcus
brasiliensis (Hempel in Wille, 1922) (Homoptera: Margarodidae) 2. Avaliacio da
bioeficicia de vamidotiom na cultura da videira. Entomologia y Vectores 6: 555-561.

Soria, S.de]. & A.F. Dal Conte. 2000. Biocecologia e controle das pragas da videira no Brasil.
Entomologiay Vectores 7: 73-102.

Teixeira, M.B., A.B. Coura Neto, U. Pastore & A.L.R. Rangel Filho. 1986. Vegetacao. pp.
541-620. In: IBGE (ed.) Levantamento de recursos naturais. IBGE. Rio de Janeiro,
vol. 33.791 pp.

Way, M.J. 1963. Mutualism between ants and honeydew-producing Homoptera. Annual
Revue of Entomology 37: 479-503.

Way, M.J., M.E. Camell, M.R. Paiva & C.A. Collingwood. 1997. Distribution and dynamics
of the Argentine ant Linepithema (Iridomyrmex) humile(Mayr) in relation to vegetation,
soil conditions, topography and native competitor ants in Portugal. Insectes Sociaux
44: 415-433.

Wilkinson, L. 2000. Systat: the system for statistics. Evanston, Illinois.



