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ABSTRACT

Natural enemies of the gall makeugeniamyia dispa(Diptera: Cecidomyiidae) were studied on the
urban area of Porto Alegre, RS, Brazil from October 1993 to March 1996. Galls and associated arthro-
pods were followed weekly in the field on individual host plaiisgenia uniflora Myrtaceae) and

also in the laboratory. Three species of ants attacked the galls, the most commdtsbadmmyrmex

sp. A proportion of galls was parasitisedRijeyasp. (Eurytomidae). The adults of this solitary ectopa-
rasitoid were also attacked by the ants and fell prey to spider webs.
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RESUMO

Inimigos naturais do galhador Eugeniamyia dispar(Diptera, Cecidomyiidae):
formigas predadoras e parasitoides

Inimigos naturais do galhad&ugeniamyia dispafDiptera: Cecidomyiidae) foram estudados na area
urbana de Porto Alegre, RS, Brasil, entre outubro de 1993 e marco de 1996. Galhas e artropodos associa-
dos aestas foram acompanhados no campo sobre as plantas hospé&ulgjessa uniflora Myrtaceae)

e também em laboratério. Trés espécies de formiga foram encontradas atacando as galhas, sendo a
mais comumPseudomyrmesp. Uma propor¢do consideravel das galhas foi parasitadRilega

sp. (Eurytomidae). Os adultos desse ectoparasitoide solitario também foram atacados pela espécie
mais comum de formiga e cairam presas de teias de aranha proximas.

Palavras-chave Eurytomidae, Formicidae, galhas entomdgenas, Myrtaceae, parasitéide, predacao,
Rileyg Pheidole

INTRODUCTION or parasitoids, occur in large numbers of species
(Stronget al, 1984). Recently, Cornell & Hawkins
Ever since Darwin (1859) natural enemies(1995) provided an analysis of sources of mortality
are considered to be of capital importance in thén various insect populations, with an emerging
ecology and evolution of all organisms. Frequentlypattern of natural enemies as the main cause of
population dynamics studies of herbivore insectgleath in immature stages.
indicate natural enemies as regulating factors (Price,  Gall-maker parasitoids and inquilines form
1984). Whatever their impact on their hosts, inseclarge communities at least on some groups (e.g.
herbivore natural enemies, whether true predator€ynipidae, Askew, 1980). In fact, when rearing
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galls, one usually obtains large numbers of parasitggarden, and has three host plants. Site B, distant
rather than the gall-makers themselves (Mani, 1964about 500 m, is at Ivo Corseulil street, on the side-
Mortality due to parasitoids (and inquilines) in gall- walk, and there are at least four individuals of the
maker Cecidomyiidae is commonly high: abouthost plant. Both sites have small sized plants, no
50% or higher (Hawkins, 1988 and referencedaller than 2 m, and five of the plants are less than
therein). Natural enemies may exert importantl. m tall (Mendonga & Romanowski, 2002).
evolutionary pressure on gall-makers, for exampléObservations on other host plants close to the sites
in the shift of host plant species attacked (Browrnwere made occasionally. From September 1995
et al, 1995), but may or may not for gall traits till March 1996, scattered observations were con-
such as shape and thickness (Waring & Price, 198%inued on site A.
but see Weis & Abrahamson, 1986). There is still Insects found to be associated with the gall-
much debate about whether galls may providanaker or gall tissues were collected and preserved
protection against natural enemies, especially paran ethanol 70°GL. Occasionally, gall-bearing shoots
sitoids, but also other herbivores (see Schultzywere also collected and brought to the laboratory.
1992) and/or serve different purposes (Peical,  There they were either kept in small plastic pots
1987; Price & Pschorn-Walcher, 1988; Hawkins,with wet tissue paper at the bottom or in flowerpots
1988; Hartley & Lawton, 1992). with soil, covered by a plastic transparent cylinder,
The midgeEugeniamyia dispaMaiaet al.  to obtain adult gall-makers and parasitoids. Under
(1996) induces its galls on new leaves of the Neoa stereomicroscope, galls were opened to observe
tropical shrukEugenia uniflora(Myrtaceae). The its contents and damage done to its tissues. Larvae
egg are placed on the plant (up to 33 per leaf), thef the parasitoids were also collected after opening
first instar larva hatches and starts the inductiorthe galls and preserved in ethanol 70°GL.
process, thereafter becoming covered by plant
tissues (Mendoncga, 1996). The gall develops into RESULTS
a white round spongy structure, caused by the
hypertrophy of the plant tissues and the loss oPredatory ants
chlorophyll. The last larval instar leaves the gall E. dispargalls were attacked by at least three
and drops to the soil to pupate. The adult emerdifferent species of ants. The attacks can be recog-
ges, probably mating close to the emergence siteajsed by the rupture of the gall tissues and darke-
and flies up to the plant to oviposit (Mendoncaning of its surface caused by the drying out of the
& Romanowski, 2002). The whole life-cycle takesripped parts. Attacked galls ranged from mature
about two weeks and the insect is multivoltine,to those early in the development (Mendonca,
being found from late August up until the following 1996). Usually, early developing galls were left
June. This paper describes the attack of parasitoidetally open, with the gall chamber exposed (and
and predatory ants found to be natural enemieso gall-maker larva). Mature galls usually borne
of Eugeniamyia dispaduring a two-year study either dry spots outside (probably mandible marks)
of midge populations. Quantitative analysis ofor an orifice, indicating the ants made a tunnel and
the mortality inflicted by the ants and aggregationreached the gall chamber (successful predation).

of adult parasitoids in relation to host density will In both sampling sites, predation occurred
be treated in future papers. between December and May (Table 1), affecting
the most numerous generations of the gall-maker.
MATERIALS AND METHODS In this case predation was causedPsgudomyrmex

sp., a species with slender-bodied workers (3-4
The fate of the galls was followed Bugenia  mm long) of a brownish colour and powerful man-
uniflora plants, sampled weekly from Septemberdibles. They were very active and aggressive, and
to May and fortnightly from June to August (winter). a maximum of four individuals were seen at the
Observations were carried out from October 1993%ame time in a single plant. Predation intensity
to September 1995 on two sites at the urban arearied much from one generation to another (13%
of Porto Alegre, RS, Brazil (30°1'S, 51°13'W GR). to 41%), and between different plants (Mendonga,
Site A is at Visconde Duprat street, in a private1996).
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TABLE 1

Occurrence of Pseudomyrmessp. workers preying uponEugeniamyia dispamgalls at the sampled sites at
Porto Alegre, RS, Brazil (30°1'S, 51°13'W), during the 93/94 and 94/95 seasons. Dashes indicate there were
no galls on the plant in that month. Shaded areas indicate periods when there was no sampling on the plant

“A2" on the 93/94 season and on plants “B1” and “B2” on September-October of the 93/94 season.

93/94 94/95
Site| Plant
Sep| Oct| Nov| Deq Jarj Febb Mar Apr May Jun| Seg Oct Noy De¢ Jan Fep Mar Apf May Jur|
A 1 X X X X - - - X x x x x
2 x| = =1 =] = =
B 1 X X X X X X X -
2 I I - -

In 1996, scattered observations revealed aalmost throughout the year (Table 2), except for
ant species of the genBheidoleattacking galls late June to September, when its host was not pre-
on site A. Workers of this species are 1-1.5 mm longent or just at the beginning of the first generation.
and amber coloured. When this ant was observebh the two years of observations, the other wasp
attacking the galled leaves about one ant per ga#ipecies was observed only three times in the field,
could be found; thus, large numbers of workers weréanding on galled leaves, in both sampling sites
present (about twenty per leaf) ripping the gallin October 1994, and once more in January 1995
tissues, but leaving only small holes on them. Thesi site B. Oviposition by this second species (or
ants were also tending Homoptera nymphs of aat least an oviposition trial) could be observed at
unidentified species i&. unifloraleaves nearby. least once.

Finally, in 1995, on ai. unifloraplant 200 Rileyasp. is a solitary ectoparasitoid. The
m far from the site B, a third unidentified ant spe-eggs cannot be seen by the naked eye, but under
cies of small (2 mm) black workers with a heart-a microscope they are transparent and slender. Only
shaped abdomen, were also observed attagking one egg is generally laid on each host. Occasionally
dispargalls. These ants made round holes in théwo eggs may be found on a single host, indicating
galls, and were actively entering and exiting thesome degree of superparasitism. The first instar
open galls. A few workers (2-4) could be foundlarva is about the size of the egg, the head wider

on each attacked galled leaf. than the rest of the body. Just after eclosion the
larva starts feeding on its host, growing remarkably
Parasitoids in body volume. Its visceral contents now appear

Laboratory rearing of galls showed a highlight brown. The fully-grown larva is translucent,
frequency (about 50%) of them originating hyme-with a conspicuous yet not distinctly sclerotised
nopteran parasitoids instead of gall-makers. Almoshead and minute red mandibles. The parasitoid
all of the wasps thus obtained belonged to a singliarva, after consumption of its whole host, is always
species of the gentileya(Eurytomidae), a small found associated to the gall chamber roof, which
(x1-2 mm in length) amber wasp with a dark spotis the nutritive tissue of the gall (Mendonga, 1996).
on the top of the abdomen, especially visible inThe last larval instar moves little, but burrows its
males. Only 6 individuals of another species ofexit tunnel from the gall chamber to the epidermis,
a black microhymenopteran (Chalcidoidea), as yekeaving the latter intact. It then comes back to the
unidentified, were reared so far. Also, in the field,chamber and pupates with the head towards the
Rileya sp. adults were very common, roamingtunnel. As the pupa develops it becomes orange
around galled leaves. These insects were observeigmented.
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TABLE 2

Occurrence ofRileyasp. adults on leaves galled biugeniamyia dispamt the sampled sites at Porto Alegre,
RS, Brazil (30°1'S, 51°13'W), during the 93/94 and 94/95 seasons. Dashes indicate there were no galls on the
plant in that month. Shaded areas indicate periods when there was no sampling on the plant “A2” on the
93/94 season and on plants “B1” and “B2” on September-October of the 93/94 season.

93/94 94/95
Site | Plant
Sep| Oct| Noy Deg¢ Janm Fep Mdr Apt May Jun Sep Odt Ngv Dec Jan Feb Mar Apr May Jun
A 1 X X X X - - - X x x x x
2 X x | — — — - -
B 1 X X X X X X X X X X X X X X X -
2 X X - - X x x - -

At emergence the adult rips the epidermisJeaves (Table 1). At these encounters the wasp was
producing a small oval-shaped orifice, and leaveslways attacked by the ant, sometimes managing
the gall. During morning field observations, recentlyto escape or else being captured and devoured.
emerged adults could be seen extending their wing&nother time, eight aduRileyasp. were found
under the sun, jumping from one shoot to anothecaught in the web of afichaearanea hirtgTheri-
when disturbed. Adults were also seen copulatinglidae, Araneae), spun close toRruniflorashoot,
onE. uniflorafoliage. Females oviposit on galls which bore galls recently open, where the insects
fully or almost fully developed, containing last supposedly came from.
instar larvae of the gall-maker. Oviposition involves Rileyasp. was found in Rio Grande do Sul
the repeated introduction of the ovipositor in theand Santa Catarina states, covering the known
gall, probably in order to reach the chamber andlistribution of its host — from latitudes 27°30’ and
the larva at the correct angle. This action originate80° (Mendon¢a & Romanowski, 2002).

a series of small brown points side by side on the

surface of the gall. Nevertheless, as many other DISCUSSION

mechanical factors can also leave marks similar

to these (including ant predation trials), they carPredatory ants

rarely be undoubtedly attributed to oviposition by Ants have an astounding local diversity, as
Rileyasp. The female stunts the gall-maker lar-well as remarkable population abundance, being
va with the ovipositor before placing the egg onamong the leading predators of other insects in
the host (idiobiosissensuAskew & Shaw, 1986). most terrestrial habitats (Holldobler & Wilson,
The gall-maker larva becomes swollen, so that th&€990). Ants have a series of ecological relation-
segments cannot be distinguished, but the thoracghips with gall-makers, as predators, mutualists
spatula is still visible. Paralysis would prevent the(Seibert, 1993), osuccessor{gall occupants after
parasitoid larva from facing behavioural resistancehe leaving of the gall-maker, e.g. Fernandes
of the host, which is very active in its last instaral., 1989). The attractiveness of an immaobile prey
(Mendong¢a & Romanowski, 2002). and couldinside a soft plant tissue probably makeslispar
smash the ectoparasitoid against the gall chamber profitable source of food, once it is found. Addi-
walls, for example. tionally, as the nutritive tissue of the gall probably

The parasitoidRileyasp. also has its own provides the gall-maker larva with exudates (nutri-
natural enemies. During field observations, a coupléive cells are not consumed by the larvae, Men-
of times there were encounters between predatoryonca, 1996), it may be possible that for a time
Pseudomyrmesp., presumably searching for the after being open, the gall still produces liquids,
galls, and adult parasitoids roaming around galledavhich the ants could also use as food. The entering-
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exiting behaviour of the ants in respect to operand agile ones too, so they can also prey upon
galls could thus result simply from their own sear-mobile insects.

ching behaviour or, alternatively, from a situation

of reward coming from the gall in the form of theseParasitoids

exudates. Secreting of sugar-rich substances by  This study was carried out in a restricted area,
galls has been reported (Mani, 1964), but usuallalthough for a long period, and only two species
as an external characteristic of the galls, with thef parasitoids could be found @& disparso far.
gall-maker still alive inside it, perhaps conferring Rileyasp. clearly dominates the parasitoid guild
an additional defence against predation and/oon this host. It is abundant and frequent throughout
parasitism of the galls through attraction of suchthe whole period of occurrence of its host (Table
predatory ants. 2). Contrastingly, the black parasitoid species was

As noted above, the first step on using thefound only in the beginning of the season in Octo-
gall depends on the probability of finding it and ber, and in January, before the increase in both gall-
then on its nutritional value as food. Thisdispar maker andRileyasp. populations, or even before
galls may become attractive only when they carihe appearance of the latter (Mendonca, 1996).
be easily found, i.e. when the gall-maker population The Eurytomidae includes many species asso-
is large. This could explain why the ant predatoryciated to insect galls (Askew & Shaw, 1986), both
attacks on the galls concentrated in the summeas parasitoids and as gall-makers. The subfamily
months (Table 1). Also, perhaps the phenology oRileyinae is commonly associated with gall-forming
the ants is such that they are more active in thi€ecidomyiidae (Boucek, 1988), and species of
period. Once galls are included as food items tdrileyacan be found parasitising the gedsphon-
the ants, even if the gall-maker population decreasaylia (Waring & Price, 1989; Hawkins & Goeden,
in numbers, they could still be searched for, and.984; Highland, 1964, Plakidas, 1982; Plakidas
that would be why predation extended through th& Weis, 1994). Another example of a gall-maker
end of Summer (April and May, Table 1). parasitised byrileyais Eutreta diana(Tephritidae;

In respect td’heidolesp., though, it may be Goeden, 1990) on the host pl&atemisia triden-
more plausible to think about the presence of théata. Gall-makers, as endophytic hosts, usually have
ants on the plant due to the tended homopteraidiobiont parasitoids (Hawkinst al., 1990), as
nymphs. The attack on the galls may be either ars the case witlRileyasp. The protection obtained
opportunistic use of the galls as a source of foodrom the surrounding tissues “allows” the parasitoid
or also an act of protection to the tended insectdarva to develop outside its host, avoiding the
It is known that tending ants on a given plant canimmunological trouble of living endoparasitically
attack other (non-tended) herbivores (Stretg (Strand, 1986). Thus, the parasitoids benefits at
al., 1984), the ones tended benefited from reducebtast from the microenvironment created by the
competition for the plant resources. gall, if not from other kinds of protection usually

Still in regard to finding the galls, another associated with them (Pricet al., 1987). The
fact to be considered is the territoriality exhibitedparasitoid is also free from becoming specialised
by ant species — aggressive ones defend the plarda a single host, and consequently it is possible
they inhabit or forage on from other species, creatinghat Rileyasp. has other so far unknown hosts,
an “ant mosaic” (Leston, 1978). Being a dynamicwhich would perhaps allow it to survive the winter
mosaic, this could be the reason why each yeawhile E. dispargalls cannot be found in the field.
each host plant had only one species of ant at-  The position of the larva d&ileyasp., found
tacking the galls it borne. This behaviour couldon the gall nutritive tissue when the host larva was
result in an advantage to the gall-maker, for thealready consumed, may be due only to the fact that
recorded amount of predation is probably lowerthe host larva itself is always in contact with this
than it would be if many species of ant searcheghart of the gall. However, the parasitoid larva
each plant. The presence of adRileyasp. around consumes the host quickly, and it may be not enough
the galled leaves and shoots could also attrador the whole development of the former. It could
the ants, at leas®seudomyrmesp. The latter be, then, that the parasitoid also benefits from the
has big workers compared wiRileyasp. adults, nutritive tissue exudates as an extra source of ener-
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gy. This kind of phenomenon has been reporteOEDEN, R. D., 1990, Life-history dtutreta diana(Osten
for an Eurytomidae parasitoiEt@rytoma aciculat)a Sacken) orArtemisia tridentataNuttall in southern Cali-

. . . . fornia (Diptera:Tephritidae)Pan-Pac. Entomol., 6&4-
which feeds on the gall tissue after its Tenthredinidae 5, (i P F

host, is completely devoured (Hanapi, 1980ud HANAPI, S. B., 1980, A study of insect communities asso-

Askew & Shaw, 1986)- _ _ ciated with galls of sawflies and other insects on willows.
As a concluding remark, it can be said that PhD thesis, University of Manchester, Manchester, UK,

the integration of the plant, the gall-maker and the apudR. R. Askew & M. R. Shaw, 1986, Parasitoid com-

gaII cIearIy results in a complex interaction, genera- munities: their size, structure and development, pp. 225-

. . . 264.1In: J. Waage & D. Greathead (eddnsect para-
ting a true ecosystem (Mani, 1964). Other species  gjiids. Academic Press, London, UK, 389p.

higher on the food web may also getinvolved in,\gr ey 5 £ & LAWTON, J. H., 1992, Host-plant mani-
this relationship and obtain profits from it. Thus, ~ pyjation by gall-insects: a test of the nutrition hypothesis.
the morphological and physiological alteration  J. Anim. Ecol., 61113-119.

induced by the gall-maker on the plant can bejawkiNs, B. A., 1988, Do galls protect endophytic herbi-
beneficial to other species as well, as is the case vores from parasitoids? A comparison of galling and non-
of the exudates from the nutritive tissue. Although  9alling Diptera.Ecol. Entom., 13473-477.

it cannot yet be proved that such relationship$iAWKINS, B. A., ASKEW, R. R. & SHAW, M. R., 1990,

actually exist (either for ants or f®ileyasp.), Influenqes of host f_eeding-niche _and foodplant type on
S . generalist and specialist parasitoiisol. Entomol., 15
the possibilities deserve future attention. 575-280.
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