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BIOLOGICAL CONTROL

Parasitism Characteristics of Two Phorid Fly Speciesin Relation to Their
Host, the Leaf-Cutting Ant Atta laevigata (Smith) (Hymenoptera:
Formicidae)
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Caracteristicas de Parasitismo de Duas Espécies de Forideos em Relacdo ao seu Hospedeiro, a Saliva Atta
laevigata (Smith) (Hymenoptera: Formicidag)

RESUMO - Assallvas Atta sexdens (L.) e Atta laevigata (Smith) s8o consideradas sérias pragasparaa
agricultura e reflorestamento no Brasil. Estas sallvas sd0 parasitadas pelos forideos Neodohrniphora
tonhascai Brown e Neodohrniphora erthali Brown (Diptera: Phoridag), respectivamente. O potencial

de parasitismo de N. tonhascai em relacdo ao seu hospedeiro foi previamente investigado, mas ndo ha
informacfes equivalentes paraN. erthali. Osobjetivos deste estudo foram avaliar o comportamento de
oviposicao e algumas caracteristicas biolégicasde N. erthali em rel agdio ao seu hospedeiro e determinar
o potencial de oviposicao de N. tonhascai paraA. laevigata, jaque em muitas areas daregido Sudeste
ninhos de A. sexdens e A. laevigata S80 encontrados proximos uns dos outros. Os dados foram obtidos
apartir defémeasdeN. erthali e N. tonhascai coletadas no campo em Vicosa (Minas Gerais) eliberadas
em uma camara de observacéo colocada entre um ninho de A. laevigata de laboratério e suaarenade
forrageamento. N. tonhascai levou menostempo selecionando seus hospedeiros, atacou maisformigas
€ causou maiores niveis de parasitismo do que N. erthali. N&o foi possivel determinar se 4. laevigata

€ parasitada por N. tonhascai N0 campo, Mas 0 SUCesso reprodutivo de N. fonhascai em laboratorio
demonstrou que A4. laevigata € hospedeiro adequado para este parasidide. Os tipos de defesa
demonstrados por A. laevigata contra ambas espécies de forideos foram marcadamente diferentes, o
que sugere que forrageadoras tomam medidas defensi vas especificas de modo areduzir apossibilidade
de parasitismo por moscas forideas.

PALAVRAS-CHAVE: Attini, Neodohrniphora tonhascai, Neodohrniphora erthali, parasitoide,
controle biolégico.

ABSTRACT - The leaf-cutting ants Atta sexdens (L.) and Atta laevigata (Smith) constitute serious
pests of agriculture and forestry in Brazil. These ants are parasitized by the phorids Neodohrniphora
tonhascai Brown and Neodohrniphora erthali Brown (Diptera: Phoridag), respectively. The parasitic
potentia of N. tonhascai againgt itshost has been previoudly investigated, but no equivaent information
isavailable for N. erthali. The objectives of this study were to eval uate the oviposition behavior and
somehiological characteristics of N. erthali inrelation to its host and to determine the parasitic potential
of N. tonhascai against A. laevigata, considering that in many parts of southeastern Brazil nests of 4.
sexdens and A. laevigata are found in close proximity of each other. These data were obtained from
femae N. erthali and N. tonhascai collected in thefield in Vigosa (Minas Gerais State) and released
singly in an observation chamber placed between a laboratory nest of 4. laevigata and its foraging
arena. Neodohrniphora tonhascai took lesstime selecting its hosts, attacked more antsand had greater
rate of parasitismin relationto N. erthali. We could not establish whether 4. laevigata is parasitized by
N. tonhascai inthe field, but the reproductive success of N. tonhascai in the laboratory demonstrated
that 4. laevigata is a suitable host to this parasitoid. The types of defense displayed by A. laevigata
against both phorid specieswere markedly different, and these results suggest that foragerstake specific
defensive stepsin order to reduce the possibility of parasitism by phorid flies.

KEY WORDS: Attini, Neodohrniphora tonhascai, Neodohrniphora erthali, parasitoid, biological control.
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Throughout most of their range, Atta spp. leaf-cutting
ants are parasitized by flies of the genus Neodohrniphora
(Diptera: Phoridag) (Prado 1976, Disney 1994, Brown 2001).
These flies pursue and attack the larger foragers walking
along trails, but nearby ants are also disturbed by flies
attacking bouts. Neodohrniphora have been implicated in
thedie shift of foraging activity exhibited by Atta cephalotes
(L.) (Orr 1992, Feener & Brown 1993) and in the reduction
of the forager force size of Atta sexdens (L.) (Braganca et
al. 1998, Tonhasca & Braganca 2000). When exposed to a
Neodohrniphora species, young A. sexdens colonies (less
than 1-year old) stop completely their foraging activity within
five minutes of initial contact with the parasitoids (D.D.O.
Moreira, unpubl.). In older colonies, 4. sexdens foragersreact
to the presence of these flies by abandoning their loads and
returning to the nest (Bragancaet al. 1998). Conseguently,
the occurrence of Neodohrniphora represents a disruptive
factor intheforaging of Atta |eaf-cutting ants.

Atta sexdens and Atta laevigata (Smith) are two of the
most common leaf-cutting antsin Brazil, and both represent
serious pests of agriculture and forestry (Fowler et al. 1989).
In Vicosa, Minas Gerais State, Brazil (20°45'S, 42°51' W),
these ants are parasitized by Neodohrniphora tonhascai
Brown and Neodohrniphora erthali Brown, respectively.
Like other Atta-parasitizing Neodohrniphora (Eibl-
Eibesfeldt & Eibl-Eibesfeldt 1967, Orr 1992, Feener &
Brown 1993), N. tonhascai attacks the head of the larger
workers. Itsbehavior and parasitic characteristicsin relation
to 4. sexdens have been investigated by Tonhasca (1996),
where it was incorrectly named Neodohrniphora declinata
Borgmeier, and by Braganca et al. (1998), where it was
referred to asNeodohrniphora . No equivaent information
isavailablefor N. erthali.

The objectives of this study were to investigate the
oviposition behavior and some biological characteristics of
N. erthali related to its host and to determine the parasitic
potential of N. tonhascai against A. laevigata. Many ant-
parasitizing phorids are host specific (Disney 1994), but at
least one Neodohrniphora speciesisbelieved to attack more
than one Atta species (Brown 2001). Because nests of A.
sexdens and A. laevigata occur in close proximity to each other
in Vigosaaswell asin many parts of southeastern Brazil, it
could be possiblefor N. tonhascai, aspecieswhose effectson
A. sexdens areknown, to utilizeA. laevigata workersashogt.

Material and Methods

Between 1% and 18" June 1999, 16 N. tonhascai females
hovering over 4. sexdens foraging trailswere collected from
several nestsin the field. Flies were taken to the laboratory
and released individualy inside an observation chamber
placed between a 2.5-year-old 4. laevigata nest and a
foraging arena. Braganca et al. (1998) described this
experimental setting in detail. Fly’sand ants' behavior was
observed for 1h, then the fly was removed. Another phorid
was released when the ants resumed their normal foraging
rhythm. Antsattacked by parasitoids were removed, marked
with paint on their thorax and returned to the observation
chamber after 20-30 min. The same procedure was used for
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15 N. erthali femaes collected from A. laevigata nests
between 39 and 9" July. Another 10 N. fonhascai were
collected between 15" and 18" July, and 13 N. erthali between
39 and 5" August to repeat the observations with a second
A. laevigata nest of similar size and age of the previousone.

All N. tonhascai attacked the ants amost immediately
after being released in the chamber, whereas only 10 V.
erthali atacked the ants from either nest. To obtain more
ants parasitized by this species, severa additional releases
of two to SiX V. erthali females were made along with 25 to
70 A. laevigata foragersin an observation chamber that was
not connected to a nest. Antswere selected at random from
each colony separately, but individuals with head widths
smaller than about 1.7 mm (which was the minimum size of
ants attacked by both parasitoids) were discarded. Antsand
phorids were kept in the chamber for 15-24h. Afterwards,
all antswere removed from the chamber, marked with paint
on the thorax and returned to their nests after 20 to 30 min.
In a 8-day period, 32 phorids and 325 ants from the two
nests were rel eased.

Dead ants parasitized by phorids in the laboratory are
deposited by nestmatesin the colony’ srefuse pile (Tonhasca
et al. 2001). For 15 days subsequent to the parasitoid releases,
dead antswith head widthslarger than 1.7 mm wereremoved
daily from the refuse pile and placed in an environmental
chamber (26.5+ 0.5°C, 85 + 5% RH, L00:D24). Parasitism
by both species was detected by the presence of a single
puparium between the ant’s mandibles (Tonhasca 1996).
Parasitized ants were placed individually in glass tubes
stopped with cotton, which were kept inside the
environmental chamber until emergence of adult flies.

Inthefield, N. erthali areclearly larger than N. tonhascai.
Ant-parasitizing phorids prefer larger individuals, apossible
adaptation to increase their chances of survival and
reproductive success (Feener 1987). To evauate the effect
of host size on the emergence performance of both phorid
species, a factoria analysis of variance (with species and
presence of puparium asfactors) was performed on the data
on size of dead ants recovered from the refuse pile. These
variables were obtained by measuring ants' head width to
the nearest 0.1 mm.

Results and Discussion

The attacking behavior of N. tonhascai and defensive
behavior of threatened ants were similar to those described
for A. sexdens (Tonhasca 1996, Bragancaet al. 1998). This
fly approaches the ant from its front or sides, apparently
introducing the ovipositor in the posterior part of the host’s
head. Threatened ants may run away, try to fend off attacking
bouts or protect the back of their heads with their legs. N.
erthali on the other hand approaches the host only from its
back and introducesthe ovipositor in thefinal portion of the
ant’ sgaster, apparently inthe anal opening. Antsthreatened
by N. erthali lean on their middle and posterior legs, lift
their bodiesand curl their gaster i nward to avoid oviposition
while remaining stationary or walking slowly. They also
try to “kick” the approaching fly with the posterior legs.
We did not observe attacks by N. tonhascai against |oaded
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ants, but six of the 31 observed attacks by N. erthali were
made against ants carrying leaf fragments. However, N.
tonhascai wasamore efficient parasitoid. Of the 127 attacks
registered for the 26 flies released in the chamber, 46.5%
resulted in puparia. There were only 31 attacks for the 28
N. erthali, of which 19.4% resulted in puparia

The presence of N. erthali puparia between the ant
mandiblesindicatesthat the larvae migrate from the gaster
to the head capsule, where resourcesfor larval development
are abundant. Adult flies emerged about 35 days after
oviposition. The interaction effect between phorid species
and the presence of puparium was not statistically
significant, but N. erthali selected significantly larger ants
(F = 45.20, P<0.001, d.f. = 1,269) in comparison with N.
tonhascai (Table 1). The analysis also indicated that head
widths of ants parasitized by both phorid specieswerelarger
(F = 17.49, P<0.01, d.f. = 1,269) than head sizes of ants
attacked but not parasitized (Table 1). Theresultsfrom both
nests were combined for this analysis because the average
forager sizein thefirst nest (2.2+0.7 mm) and second nest
(2.4+£0.7 mm) were not significantly different according to
at-test (t =1.05, P=0.30, d.f. = 61).

Table 1. Means+ s.d. of head width (mm) of 4. laevigata
attacked by two Neodohrniphora species.

Species Heads with Heads without
puparium puparium
N tonhascai 321+044 299+ 0.55
‘ (n=56) (n=55)
. 3.82+0.81 341+0.55
N. erthali (n = 39) (n=123)

Two important conclusions were reached from this
research. First, V. fonhascai collected fromA. sexdens trails
not only were able to parasitize 4. laevigata, but were aso
more efficient parasitoids than N. erthali. Despite avoiding
ants carrying leaf fragments, N. tonhascai took less time
selecting hosts, attacked more ants and had greater rate of
parasitisminrelationto N. erthali. BecauseA. laevigata Was
the only host availableto N. tonhascai inthesetests, wecould
not concludethat 4. laevigata is parasitized by thisphorid in
the field. Nonetheless, the reproductive success of N.
tonhascai demonstrated that 4. laevigata is a suitable host
for this parasitoid. Both Neodohrniphora species selected
larger foragers for oviposition, a common trend among
phorids. Infact, successof pupariaformation for both species
was related to host size. Because the average size of Atta
workersin laboratory is smaller than in the field (unpubl.),
N. erthali may have been less efficient because of reduced
availability of hosts of adequate size.

The second noteworthy conclusion of this study is that
thetype of defense displayed by individual foragers depends
on the attacking phorid species. Although the defensive
behaviors of leaf-cutting ants are similar when foragers are
threatened by Neodohrniphora Spp. that parasitizetheir heads
(Eibl-Eibesfeldt & Eibl-Eibesfeldt 1967, Orr 1992, Feener
& Brown 1993, Tonhasca 1996), the response of 4. laevigata
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to N. erthali was remarkably different. Porter et al. (1995)
suggested that ants' protective behavior is triggered by the
detection of parasitoid’s wing buzzing at short range. This
hypothesis implies that defenses against phorids are
stereotypical responses to a generic signal such as air
vibrations. However, our results indicated that ants take
specific defensive stepsin order to reduce the possibility of
parasitism.
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