
Anto Species Associated With the Dispersal r f Eurhizococcus
brasiliensis (Hempel in Wille) (Hemiptera: Margarodidae) in

Vineyards of the Serra Gaúcha, Rio Grande do Sul, Brazil

by
Franciele Sacchett ', Marcos Botrorr' & Elena Diehl '

ABSTRACT

The ground-pearl, Eurbizococcus brasiliensis (HempeI in Wille), is a hy-

pogeic hemipreran that feeds on plant roots, being one of the major pesrs of

vineyards. Ant species may account for the dispersal of scale insects, since the

ants tend firsr instar nymphs for honeydew. This research was conducted to

investigare, under experimental conditions, wherher the ants also recognize

and carry E. brasiliensis cysrs. Therefore, choice experiments were conducted

in two vineyards naturally infesred with the ground-pearl, in the municipal-

ity of Bento Gonçalves, RS. From the 11 ant species observed visiring the

cysrs only two were actively dispersing thern, Linepithema micans (ForeI

1908) and an unidentified Pheidole species. This Pbeidole species and the L.
micans removed and carried E. brasiliensis cysrs. The workers of L. micans
visited the grearesr amount of test piares, but the Pbeidole sp.11 workers

removed more cysts. Although both species were more active to disperse

the hernipteran's cysrs, L. micans workers were dominant in reference to

the workers of Pbeidole sp.11. Thus, in the vineyards where they occurred

togerher; if rhe firsr species is controlled, the second species can become the
main E. brasiliensis disperser,

Keywords: Formicidae, Herniptera, Linepithema, Pheidole, vine-growing

areas.

I Programa de Pós-Graduação em Biologia: Diversidade e Manejo de Vida Silvestre. U 1JSINOS-
São Leopoldo, RS. Brazil.
'EMBRAPA Uva c Vinho - Bento Gonçalves. RS. Brazil.
e-rnail: marcos@cnpuv.embrapa.br
'Bioccolab, Dcparramcnro de Fitopatologia, Faeuldadedc Agronomia - UFRGS Av. Bento Gonçalves
7712 Viarnâo 91540-000 RS. Brazil
c-rnail: clena.diehl@pq.cnpq.br
• í'A>'r"""A"rl;",. o"r\'A"



944 Sociobiology Vol. 54, No. 3, 2009

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 extraíloral 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, generaIly, the same species
(Carrol &Janzen 1973, Delabie & Fernández 2003). One explanation forthe
ant-hernipteran interaction is the chemical composition ofhoneydew, which
varies according to 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 et ai. 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, Delabie 2001, Delabie
& Fernández 2003). Some species ofDolichoderinae 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
(Hõlldobler & 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 et ai. 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 plane or it has to be protected against natural enemies (Delabie
2001, Delabie & Fernández 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). lts 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 copulare,
soon returning to the ground for oviposition. Oviposition along the sexual
phase happens from November to February, as well as cyst eclosion (Soria et
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ai. 1990, Soria & DaI Conte 2000), corresponding to the hot and dry season
in Southern Brazil.

Since adults lack a mouth apparatus, only the ground-pearl nymphs suck
sapoNymphs have legs and antennae, but their mobility ispoor (Gallotti 1976,
Soria et ai. 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 ar farther, besides
offering protection against natural enemies (Hickel1994, Soria & DaI Conte
2000, Botton et ai. 2000, 2003).

In Rio Grande do Sul, vineyards are the gready affected by this activity.
Vineyard growth is a major revenue source of the Serra Gaúcha, which ac-
counts for nearly 60% ofvineyard 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 et ai. 2003).

From the Formicinae subfamily, Linepithema humile (Mayr) is considered
the main species associated wirh ground-pearl nymph dispersion (Hickel
1994, Botton et ai. 2000, 2003, Soria & DaI Conte 2000), but other ants and/
or hemipterans can be involved. The objective of this work was to identify,
under experimental conditions, the ant species which recognize and carry
E. brasiliensis cysts in vineyard cultivation areas, naturally infested by that
hemipteran, in the Serra Gaúcha.

MATERIAL AND METHODS

Studyarea
Bento Gonçalves munici pali ty (29°56' S; 51°33' W) is located in the Encosta

Superior do Nordeste of the Serra Gaúcha, in the Depressão Central ofRio
Grande do Sul, 645 meters above sea leveI. Accarding to Kóppen's classifica-
tion, the dimate there is subtropical and wet, with temperature rangingfrom
-4°C to 36°C. Annual rainfall is about 1,700 mm, and the relative air humid-
ity is approximately76% (www.bentogoncalves.com.br). The regional native
vegetation is mixed ombrophilous forest, of the montane type, where day
latosoils are prevalent, from basic basalt outpourings (Tdxeira et ai. 1986).

Tests were carried out in March 2005, in two vineyards of the Vitis Iabrusca
cv. Isabel cultivar - Valê 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.S-meter intervals between each two
vines.=

Experiments
To capture the ant species which disperse ground-pearl cysts, ten cardboard

plates (18cm xl Ocrn) were randomly distributed on the ground, divided into
twelve-I Scm2 sectors. In six sectors, sorted out onto each plate, ground-pearl
cysts were pIaced (l/sector), with the same amount of sweet pellets (0 = 3
mrn) in the other sectors. The plates, the cysts, and the pellers were used only
once to avoid markings made with pheromones by the ants, Thirry minures
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 cysts and/or
pellets were displaced from the sector, but not from the plate: a removal (R)
was defined as cornpletely moving the cysts and/or pellets out of the plate,

Ant identification
The workers of each species visiting the plates, disIodging and/ 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, ofthe Laboratório de Insetos Sociais da UNISINOS (São Leopoldo,
RS), where the vouchers are deposited.

Data Analysis
In order to test whether the differences between the occurrence frequencies

of the two vineyards' ants and whether the differences between the numbers of
the dislocated cysts and the removed cysts in each vineyard were signiíicanr, an
Analysis ofVariance (ANOVA) was carried our, 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 frorn both vineyards were made through the Student's t-test. The SYSTAT
11 pragram (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 (Iimits
1.0 - S.Orninutes), a non-signiticant difference between those times (t=0.97,
df=18, P<O.OS).

A total of 11 ant species visited the plates in both vineyards (Fig. 1), fram
which seven (Table 1) were common to the two vineyards. Two taxa were
found exclusively in the VV vineyard (Camponotus sp.S andParatrechina sp.),
and two other taxa (Hylomyrma sp.1 and Pheidole sp.1S) only in PB. The
frequencies of the 11 species which visited the plates in both vineyards varied
significandy (FIO,II= l1.S01 P<O,OOOl). L. micans was the most frequent
species, followed by Wásmannia sp and Camponotus rufipes (Fig. 1).

Of the 60 sweet pellets alloted by vineyard, only two (3.3%) in V'V, and
four (6.7%) in PB were displaced by the ants, but none were removed. In both
vineyards, seven species visited theE. brasiliensis cysts, fram 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 S8.3%. Despire 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 = 1.09S; P > O.OOS).

Pheídote sp.15 ~
Paratr echina sp . -
Hylo myrm a sp.1 -

Camponotus sp.5 -
Pseud om yrme x grac tllis

.~ Solenop sts invictae,

'" Pheidole sp.11

Fac hyc on dy la siriata

Camponotus rufípe s

Wasmannia sp .

Línepithem a m ícane

O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ere qu en ey of o c cureu c e

Fig. 1 - Mean (± SD) frequency of occurrence (in arcsin) of rhe ant species visiring the test-plates
(N=20) in both vineyards in Bento Gonçalves, RS.
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Table 1. Number of visired tesr-plares (N v), number and frequency of Eurhizacoccus brasiliensis
dislocaredcysrs [ND (%)),andnumberand frequencyofremovedcysrs [NR (%)) byeachantspecies
in Valedos Vinhedos (VV) and Pinto Bandeira (PB) vineyards, in Bento Gonçalves, RS.

VV PB
Species Nv No(%) NR(%) Nv ND(%) NR(%)

Camponotus rujipes 5 2 (3.3) O (-) 5 3 (5.0) O (-)

Linepithema micans 8 9 (15.0) 9 (J 5.0) 7 15 (25.0) 14 (23.3)

Pachycondyla striata 4 3 (5.0) I (1.7) 3 1(1.7) O (-)

Paratrechina sp. 2 2 (3.3) 2 (3.3) O O (-) 0(- )

Pbeidole sp.1 J 3 12 (20.0) 12 (20.0) 4 18 (30.0) 18 (30.0)

Pheidole sp.15 O O (-) O (-) J (1.7) 1 (17)

Solenopsis invicta 2 O (-) O (-) 4 3 (5.0) 2 (3.3)

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

10 rcst-plates/vineyards: 6 cysrs/plare

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 significam.

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 VVásmannia sp.. Despire C. rufipes 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 fram test
plates by L. micans. According to Andersen (2000), the main characteristic to
include a Camponotus species imo the functional group of the subordinated
camponotinean is submission to the ants belonging to the Dolichoderinae
subfamily.

A controntation betweenL. micansworkers andPheidolesp.11 workers on
a plate where both species had co-occurred was observed, where the Pheidole
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workers, despire beingthe firstones to arrive, were expelled bytheLinepithema
workers. According to Andersen (1997,2000), ants of the Pheidole genus are
generalists, and they frequendy fight the dolichoderineans for food. Bond &
Slingsby (1984) reported thatL. humile, an invasive ant in South Africa, also
expelled native species, despite taking longer to arrive at the test seeds.

Although Wasmannia sp.presented the second-highestvisitationfrequency
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.

Ph eid ole sp.15 I-<

Pa ch yco n dyla stria ta I-<
V> So le no p sis invicta ~ClJ
'u
ClJ
CL

Par atre chin a sp. ~Vl

Linep ith em a mtca ns

Pheidole sp.l1

O 5 10 15 20
No. of Removed Cysts

Fig. 2 - Mean (± SD) nurnber of rernoved cysts of Eurhizococcus brasiliensis by each ant species in
both vineyards in Bento Gonçalves, RS.
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Fig. 3 - Mean (± SD) nurnber of rernoved cysts of Eurhizococcus brasiliensis by the ants at Vale dos
Vinhedos (VV) and Pinto Bandeira (PB) vineyards in Bento Gonçalves, RS.
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On many plates, the ants only displaced some cysts and very few sweet pellets
írom one sector to the other, Only three species (C. rufipes, HyLomyrma sp.l ,
and P. striata) displaced the pellers, but they did not remove thern, showing
that, despi te being sweet, they were not attractive.

From the six species of ants which removed graund-pearl cysts, P. striata,
Paratrechina sp., Pbeidole sp.1 S, and S. invicta only took the cysts out of the
plates to leave them right aíter. Despite being a patralling and generalistic
predator species (Silvestre et al. 2003), P. striata did not show interest in the
removed cysts, leavingthern beside the plate, As to S. invicta, workers removing
a few E brasiliensis cysts were noticed only in rhe PB vineyard. According to
Buckley (1987a), S. invicta can show mutualistic interactions with hemipter-
ans, but because rhey are rare, these interactions are seldom observed.

Two species were significandy different trom the other species regarding
the number of removed cysts: Pheidole sp.11 andL. micans. In both vineyards,
despire visiting less plates, Pbeidole sp.11 workers carried many more ground-
pearl cysts thanL. micansworkers, which visited more plates, but the former
workers removed fewer cysts. Ants frorn both species were seen carrying cysts
as far as graund 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.

SomePheidoLe species, such as P. biconstricta, show mutualistic interactions
with hemipterans (Blütghen et alo 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 aurhor also noticed that the hemipteran abundance increased with the
presence of P. megacephaLa, but when another ant species (Crematogaster
clariventris Mayr) regarded as dominam was presem, 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 (Gonzáles- Hernández et alo
1999). In South-African vineyards, Addison & Samways (2000) observed
two species of Pbeidole tending hemipterans, but dominance indexes were
low when compared with L. bumile'« indexes. Similar results were observed
in this study, because, despire the fact rhat 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 rrophobiotic relationship betweenL. bumile and hemipterans may be
one of the rnost well-known relationships of this kind, referenced by many
aurhors (Way 1963, Buckley 1987a, b, Brisrow 1991, Buckley & Gullan
1991, Hollway et ai. 2002). This species, prevalent in most ecosystems, is an
invader in many world regions (Way et ai. 1999). According to Hollway et
ai. (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 & GuIlan (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 Planoccocusflcus (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. Concornirantly,
besides first-instar nymphs beingdispersed byL. humile, aspreviously reported
(Hickel1994, Botton et ai. 2000,2003), this paper showed that cysts are also
rransported by L. micans, aswell asby aPheidolespecies, thus favoringstill more
the dispersion of E. brasiliensis, and the infestation of more vineyards.
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