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ABSTRACT

Patterns of galling by the gall midge Lopesia brasiliensis (Diptera: Cecidomyiidae) were studied in
Ossaea confertiflora (Melastomataceae) in an Atlantic forest site at |lha Grande, RJ. Out of the 81
plants surveyed, 55 (67.9%) bore galls. The number of galls per galled individual ranged from 1 to
261 and 94.4% of the galls were in leaves. The number of galls per galled leaf varied from 1 to 25.
Total gall number was positively correlated with plant height. Larger and more ramified plants tended
to have a smaller percentage of their leaves with galls and alower density of galls per leaf than smaller
plants. Plants that were close to other individuals of the same species tended to have more galls per
leaf than relatively isolated plants. The observed patterns may be linked to strategies of optimiza-
tion in the use of resources (i.e. oviposition sites) and predation avoidance by the gall midges.
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RESUMO

Padrdes de galhamento em Ossaea confertiflora (Melastomataceae) por Lopesia
brasiliensis (Diptera: Cecidomyiidae) em uma area de Floresta Atlantica no Sudeste do
Brasil

Foram estudados os padr&es de galhamento em Ossaea confertiflora (Melastomataceae) por Lopesia
brasiliensis (Diptera: Cecidomyiidae) em uma area de floresta Atlantica na Ilha Grande, RJ. Das 81
plantas amostradas, 55 (67.9%) estavam galhadas. O nimero de galhas presente em cada individuo
variou de 1 a 261 e 94,4% destas encontrava-se nas folhas. O nimero de galhas em cada folha variou
de 1 a25. O nimero total de galhas esteve positivamente correlacionado com a altura da planta. Houve
uma tendéncia a plantas maiores e mais ramificadas terem uma porcentagem menor de suas folhas
galhadas e menor densidade de galhas por folha do que plantas menores. Plantas proximas a outras
da mesma espécie tenderam a apresentar mais galhas por folhas do que plantas rel ativamente isoladas.
Os padrdes observados podem estar ligados a estratégias de otimizagdo no uso de recursos (isto é,
sitios de oviposic¢do) e protecdo da prole pelos galhadores.

Palavras-chave: Cecidomyiidae, galhas foliares, Ilha Grande, Lopesia brasiliensis, Ossaea confertiflora.
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INTRODUCTION

Galls are probably the most familiar examples
of parasitism in plants by animals. However, the
interactions between gall-forming insects and their
host plants are still insufficiently understood (e.g.
Craig et al., 1989; Fay et al., 1996; Thompson,
1988). Factors such as the growth rate and
structural complexity of the host plant, as well as
quantitative and qualitative aspects of the available
resources (i.e. plant tissues) are of prime
importance to galling insects, since they respond
to them at the moment of oviposition (Lawton,
1983; Price et al., 1990; Strong et al., 1984).

The choice of the oviposition sites by the
gallformers within a population of host plants, or
within a single individual in that population, has
a fundamental role for the survival and
development of the larvae (e.g. Craig et al., 1989;
Denno & McClure, 1983; Fernandes & Price, 1991,
Preszler & Price, 1988; Whitham, 1980), which
develop entirely inside the gall, leaving it only after
they had reached the adult stage. Moreover, the
degree of complexity in host plant architecture (i.e.
a combination of plant height, number of shoots
and leaves and crown volume) is known to in-
fluence directly the diversity and density of their
associated fauna of phytophagous insects (e.g.
Lawton, 1983; Dansa & Rocha, 1992; Collevatti
& Sperber, 1997).

Although a reasonable amount of information
on the gallformer-host plant relationships in
temperate regions exist in the literature, such
relationships are still little studied in the tropics,
and especially in the Neotropics, though the number
of studies in this region has increased recently (e.g.
Ferreira et al., 1990; Fernandes et al., 1987, 1988,
1997; Fernandes & Price, 1991, 1992; Lara &
Fernandes, 1994; Collevatti & Sperber, 1997;
Ribeiro et al., 1998).

The main cecidogenous agents in the
Neotropical region are dipterans of the family
Cecidomyiidae (Houard, 1933). Cecidomyiids
induce gall-forming on pratically all kinds of plant
organs, but predominantly on leaves (Mani, 1964;
Fernandes et al., 1988; Monteiro et al., 1994).

Ossaea confertiflora (Melastomataceae) is
a perennial shrub that is frequently found in
disturbed areas, clearings and forest edges, and
occasionally also on trails inside primary forest.
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This species, common in Atlantic Rainforest areas,
is host to the gall-midge Lopesia brasiliensis
Riibsaamen (Cecidomyiidae), which induces
conspicuous reddish, hairy, round, unilocular galls
ca. 5 mm in diameter on its leaves (Fig. 1) and,
occasionally, also on petioles (Gagné, 1994). In
the present study, we analyse the patterns of
frequency and intensity of gall-forming within and
among individuals of O. confertiflora in an area
of Atlantic Rainforest and evaluate how they are
influenced by factors such as height, structural
complexity and relative isolation (regarding
proximity to other conspecifics) of individual host
plants.

MATERIAL AND METHODS

Study Area

This study was carried out during November
1996 in an area of Atlantic Rainforest near Vila
Dois Rios in Ilha Grande (23°15°S; 44°15°W), an
island on the coast of Rio de Janeiro State, SE
Brazil. The area is covered by Atlantic Rainforest
with different levels of regeneration, due to
disturbances caused by sucessive decades of human
activities (remnants of undisturbed primary forest
are present in the central areas of the island).
Annual rainfall and mean annual temperature in
the area are 1,700 mm and 23°C, respectively
(Aratijo & Oliveira, 1988).

Procedures

We examined and marked 81 plants, ran-
domly sampled, along two trails on a patch of
second-growth forest. For each, we recorded its
height (in cm, with a measuring tape), number of
bifurcations (branchings) and distance from the
nearest conspecific (plants without conspecifics
within a 5-meter or greater radius were considered
as ‘isolated’). Each plant was checked for the
presence of Lopesia galls and we counted the total
number of galls per plant, number of galls per
galled leaf, and number of galled leaves. As the
total number of leaves per plant was not counted,
the relative frequency of galled leaves of each plant
was estimated by dividing its number of galled
leaves by its number of ramifications (i.e. number
of bifurcations + 1), obtaining an index of galled
leaves per # of ramifications (or frequency of galled
leaves — FGL).
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Fig. 1 — Aspect of Lopesia brasiliensis galls on the leaves of Ossaea confertiflora at |lha Grande, Rio de Janeiro.
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Total gall number, FGL, and number of galls
per leaf (NGL) were each correlated with plant
height and number of ramifications through
correlation analyses. Frequency of galled plants
were compared between isolated and non-isolated
plants and among plants of different size (height)
classes (i.e. class 1 —up to 40 cm; class 2 — 41 —
80 cm; class 3 — over 80 cm) using a chi-square
test. FGL and NGL was compared among size
classes using analyses of variance (one-way
ANOVA) and between isolated and non-isolated
plants using analyses of covariance (ANCOVA),
with plant height as covariate (Zar, 1984).
Descriptive statistics presented throughout the text
refer to mean + one standard deviation.

RESULTS

Of the 81 sampled individuals of O.
confertiflora, 55 (67.9%) bore Lopesia galls, with
arange of 1 to 261 galls per plant. We found no
other types of galls on the leaves of those plants.
Lopesia galls were mostly on leaves (94.4%), and
rarely on petioles or buds. The number of galled
leaves per host plant ranged from 1 to 54 and the
number of galls per galled leaf ranged from 1 to
25 (mean = 2.77 £ 3.0 galls/leaf). Most of the 529
galled leaves surveyed bore one (47.6%), two
(18.3%) or three (11.9%) galls. Frequently, galls

of different sizes and developmental stages were
found in the same plant and, sometimes, on the
same leaf.

Plant height ranged from 12 to 140 cm
(mean = 59.8 + 30.6 cm) and was significantly
correlated with number of ramifications (r = 0.72,
p <0.05). Plant height did not differ between galled
and non-galled plants (ANOVA; F, . =1.66,p =
0.2). Among galled plants, total number of galls
per plant was positively and significantly correlated
with plant height (r = 0.295, p < 0.05, n = 55),
which explained 8.7% of the variation in gall
number (Fig. 2). However, it was not significantly
correlated with number of branchings (r = 0.173,
p=0.21, n = 54), nor with the summed effect of
both variables (r> = 0.088, p = 0.096, n = 54).

The total number of galled leaves per plant
was positively and significantly correlated with
plant height (r = 0.556, p < 0.001, N = 53), with
number of ramifications (r = 0.47, p <0.001, N =
53), and with the additive effect of both variables
(r*=0.323, p <0.001, N = 53). The index FGL
had a negative correlation with number of bi-
furcations, plant height, and the summed effect of
both variables, though it was significant only for
the former (r =-0.29, p < 0.001, N = 53). NGL
was negatively and significantly correlated with
plant height (r = —0.32, p < 0.05, N = 53)
(Fig. 3).

280

210

140

# Of galls

70

% o

[e]e}

90 120 150

Plant height (cm)

Fig. 2 — Linear regression between plant height and total number of galls per galled plant (Y = 3,92 + 0,446 X, r = 0.295,

p < 0,05).
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Fig. 3 — Linear regression between plant mean height and mean number of galls per leaf — NGL (Y = 3,65 -0,018 X, r2=

-0.321, p < 0,05).

The relationship of NGL with number of
bifurcations (r =-0.26, p = 0.06, N = 53), and the
summed effect of both variables (r=-0.32, p =
0.06, N = 53) was also negative, though only
marginally significant. NGL was positively and
significantly correlated with FGL (r = 0.56, p <
0.001, N = 53). The index FGL did not differ
significantly among the three size classes of host
plants (ANOVA; F, = 2.45, p = 0.1). NGL
differed significantly among the three size clas-
ses of plants (ANOVA; F,, = 5.68, p < 0.01),
decreasing as plant size class increased (Table 1).
There was a significant difference in NGL between
classes 1 and 2 (ANOVA; F ;. =7.30, p <0.05)

and between classes 1 and 3 (ANOVA; F =
6.05, p < 0.05), but not between classes 2 and 3
(ANOVA; F, . =0.15, p = 0.7). The percentage
of galled plants did not differ between any pair
of size classes (X? — test; p > 0.05 for all).
Isolated and non-isolated plants did not differ
significantly in height (ANOVA; F . =0.30,p =
0.58), total number of galls per plant (ANCOVA;
F 15 =0.001,p=0.97), FGL (ANCOVA; F =
1.87, p = 0.18), and percentage of galled plants
(X?=0.76; DF = 1, p = 0.38). Mean number of
galls per leaf (NGL), on the other hand was
significantly lower in isolated than in non-isolated

plants (ANCOVA; F, . =4.86, p <0.05) (Table 1).

1,1,50

TABLE 1

Frequency of galled plants (in numbers and proportions) number of galls per leaf (NGL) for each size class
of plants and for plants that are isolated or in ‘patches’ in two trails along an area of second-growth forest
at Ilha Grande, Rio de Janeiro State, SE Brazil.

[ » |

# of galled plants (%) NGL (mean * 1 SD)
Height classes
1 (up to 40 cm) 15(55.6) 27 3.72+2.57
2 (41-80 cm) 24 (70.6) 34 2.12+£0.99
3 (>80 cm) 16 (80.0) 20 1.99 +1.10
Condition

Isolated 8(57.1) 14 1.57+£0.78
Non-isolated 45 (69.2) 65 2.67+1.79
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DISCUSSION

Ossaea confertiflora had a high frequency
of galling by Lopesia brasiliensis, with nearly 70%
of the observed individuals bearing galls. Galls
occurred almost exclusively on leaves, aggreeing
with the normal pattern of Neotropical cecidomyiid
galls (approximately 70% of Neotropical galls and
50% of cecidomyid galls are induced on leaves;
Mani, 1964). The number of galls per leaf varied
greatly, though there was usually only one to three
galls per leaf. Fernandes et al. (1988) observed
great inter and intraspecific variation on the number
of galls per leaf or leaflet in plants of several
families at an anthropically disturbed area in the
Brazilian state of Minas Gerais.

The total abundance of galls increased with
plant height (which was significantly correlated
with number of ramifications), aggreeing with the
idea that larger host plants tend to harbor greater
densities of phytophagous insects, as a result of
an ‘area per se’ effect (Lawton, 1983; Strong et
al., 1984). Nevertheless, only 8.7% of the variation
in gall abundance was explained by plant height.
A positive and significant correlation between host
plant height and gall abundance has also been
observed in studies of the leaf-galler Neopelma
baccharidis (Homoptera: Psyllidae) on Baccharis
dracunculifolia (Asteraceae) (Lara & Fernandes,
1994; Collevatti & Sperber, 1997), though plant
height explained only 11% of the variance in gall
abundance in the work of Lara & Fernandes (1994)
(statistics are not given in Collevatti & Sperber,
1997). Several other factors (e.g. phenology, age,
secondary compounds), other than physical
dimensions, should be considered in the analysis
of the variation in gall abundance per host plant
(e.g. Horner & Abrahamson, 1992; Lara &
Fernandes, 1994; Mopper & Simberloff, 1995;
Collevatti & Sperber, 1997).

The fact that the absolute number of galled
leaves per plant tended to increase with increasing
plant size and/or number of ramifications was not
surprising, since larger plants with more shoots
usually have more leaves and, thus, more available
resources for gallmakers. However, when we used
an estimator of the relative density of galled leaves
instead of the absolute density, the relationship
became negative (though significant only with
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respect to number of ramifications). Also, the
number of galls per leaf tended to decrease with
increasing plant height and was positively
correlated with the relative frequency of galled
leaves per plant. Thus, relative intensity of galling
in host plants and leaves tended to decrease with
plant height and structural complexity, indicating
that smaller plants are more intensely used by the
gall-maker. Gallmakers usually prefer undiffe-
rentiated meristematic tissues as oviposition sites
(e.g. Mani, 1964; Fritz et al., 1987, Price et al.,
1987a, b), and younger, smaller plants have a
greater relative concentration of optimal resources
(i.e. young leaves) than older, many-branched ones.
Moreover, galled leaves of some plants may suffer
abscission. Since the probability of absicion likely
increases with time, this would tend to eliminate
evidences of past utilization of leaves by the gall-
midge in older plants, and thus reduce the observed
quantity of mature leaves with galls in such
individuals. The oviposition strategy of the
gallmaker could probably also have an effect: by
dividing their ovipositions among more leaves, the
gall-makers may spread the risk of attacks by
parasitoids and predators (see Fernandes et al.,
1988); in small plants, absolute availability of
oviposition sites may be more reduced for gall-
makers, resulting in more ovipositions per indi-
vidual leaf. However, information about the biology
and behavior of Lopesia brasiliensis (which is
currently unavailable) is needed before any
conclusions can be drawn.

The lower intensity of galling per leaf in
isolated plants may result from the fact that isolated
plants could be harder to find by gall-makers than
plants in patches. However, the proportion of galled
plants did not differ between isolated and
“aggregated” plants, which would not be explained
by the same logic. Also, galls were not found on
some plants that were close to galled neighbors
that belonged in the same size class. It should be
taken into consideration, however, that the number
of plants with close neighbors in our sample was
more than four times greater than the number of
isolated individuals (see Table 1), which makes
the comparison less reliable. More information on
the behavior of Lopesia brasiliensis and analyses
of larger samples and more variables could help
to clarify these patterns.
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