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Abstract. Many gall-inducing insects have been reported as pests in the Old World and North America, although few such
examples are known from South America. A list of gall-inducing insects of potential economic importance, with a focus on
those of restinga environments, was compiled using Maia (2013a) as starting point and updated with the database “Thompson
ISI”, using ‘Insect (title) and gall (topic)’ as keywords. Botanical names were updated using the site “Flora do Brasil, 2020,
while potential economic significance of host plant species was acquired from Santos et al. (2009) and the site “Useful Tropical
Plants”. Fifty-eight galling species were associated with 29 economically important plant species of 18 families in Brazilian
restingas. The gallers were found to belong to Diptera (Cecidomyiidae and Agromyzidae) and Hemiptera (Eriococcidae and
Psyllidae), among which Cecidomyiidae were the most important, with 55 gall-inducing species distributed among 28 genera.
Six of the found genera are endemic to the Atlantic Forest and, until now, have been exclusively reported in restingas. About
78% of the gallers have been recorded only in Southeast Brazil and about 64% only in the state of Rio de Janeiro. Most gallers
were found to be mainly associated with edible and/or medicinal plant species. Data on natural enemies are scarce with most
records having been published at the taxonomic level of family or genus. Natural enemies were found associated with 43
gall-inducing species and included parasitoids, predators and inquilines. The first were the most diverse, being represented by
13 hymenopteran families, but the impacts of all of these guilds on galler populations are poorly known. Although 58 gall-in-
ducing species were identified in the present study, the number of insect galls associated with plants of economic interests in
restinga environments is about three times greater, since a total of 186 gall morphotypes have been reported. Nonetheless,
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many gallers are still undetermined, thus revealing how deficient their taxonomical knowledge remains.

Key-Words. Cecidomyiidae; Diptera; Hemiptera; Natural enemies; Geographic distribution.

INTRODUCTION

Galls induced by insects are pathological
neoplasms on a plant (Mamaev & Krivosheina,
1993), which provide offspring with nutritionally
better food and protection against extreme en-
vironmental conditions and several natural ene-
mies (Price et al,, 1987; Fernandes & Price, 1992).
Although gallers benefit from this relationship,
host plants are negatively impacted (Price et al.,
1986; Guimaraes et al, 2014). Gall induction re-
duces leaf-water potential and photosynthetic
and transpiration rates. It also affects mineral
concentrations, such as that of boron, chloride,
magnesium, and zinc (Florentine et al, 2005).
Physiologically, galls may act as nutrient sinks for
their host plants, because nutrients are redirect-
ed from ungalled tissues and neighboring plant
parts to the gall itself (McCrea et al. 1985; Larson &
Whitharn, 1991; Marini-Filho & Fernandes, 2012).
Furthermore, many studies have shown gall for-
mation to cause reduced flower, fruit, seed, and
biomass production, suggesting that galling in-
sects have the potential to reduce fitness of sus-
ceptible host plants (Sacchi et al,, 1988; Fernandes
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& Ribeiro, 1990; Souza et al., 1998). In this sense,
cecidogenous insects are considered parasites
(Larson, 1998).

Several plants of economicinterest are vulner-
able to damage by gall-inducing insects, includ-
ing ornamental (e.g., Laelia spp., Orchidaceae),
edible (e.g., Manihot spp., Euphorbiaceae), me-
dicinal and pesticidal plants (e.g., Melissa offi-
cinalis L., Lamiaceae, as well as species used in
carpentry, cosmetics, cabinet making, and agro-
forestry (Gagné & Jaschhof, 2017). However, the
most well-known galling pests are those associ-
ated with edible plants, such as Apiomyia bergen-
stammi (Wachtl, 1882) (Diptera, Cecidomyiidae),
a pear pest (Pyrus communis L.) (Rosaceae) in
Europe; Orseolia oryzae Wood-Mason, 1889
(Cotes, 1889) (Diptera, Cecidomyiidae), a ma-
jor endemic rice pest throughout Asia (Kalode
& Bentur, 1989); Lasioptera rubi Heeger, 1851
(Diptera, Cecidomyiidae), a blackberry, rasp-
berry, dewberry (Rubus spp.) (Rosaceae) pest in
Europe; and Ficiomyia perarticulata Felt, 1922
(Diptera, Cecidomyiidae), a fig pest in the USA
(Barnes, 1948). Most galling pests have been re-
ported from the Old World and North America,
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whereas few examples are known from South America,
such as latrophobia brasiliensis (Ribsaamen, 1908a)
(Diptera, Cecidomyiidae), a manioc pest (EMBRATER/
CIAT, 1982).

Due to the negative impact that gall-inducing insects
have on their hosts they can be employed as biological
control agents of invasive plants. For example, Spurgia
esulae Gagné, 1990 (Cecidomyiidae, Diptera), Kochiomyia
stackelbergi (Mamaev, 1972) (Cecidomyiidae, Diptera),
and Urophora cardui (Linnaeus, 1758) (Tephritidae,
Diptera) have been used to control Euphorbia esula L.
(Euphorbiaceae) in the USA (Hansen et al., 1997), Salsola
tragus L. (Chenopodiaceae) in the USA and Uzbekistan
(Sobhian et al., 2003), and Cirsium arvense (L.) Scop.
(Asteraceae) in Canada (Peschken & Harris, 1975), respec-
tively.

Although several cecidogenous species have been
associated with plants of economic interest in Brazil, only
latrophobia brasiliensis Riibsaamen, 1915 has been rec-
ognized as a pest (EMBRATER/CIAT, 1982). Nevertheless,
there are other examples, such as Clinodiplosis sp.
on panicles of hog plum, Anacardium mombium L.
(Anacardiaceae) (Moura et al., 2010), and Contarinia sp.
on leaves of the cashew tree, Anacardium occidentale L.
(Anacardiaceae) (Tavares et al.,, 2011), but these species
are still unidentified.

Several insect gall inventories in Brazil have been
carried out in areas of restinga (Bregonci et al, 2010;
Carvalho-Fernandes et al, 2016; Maia, 2001a, 2013a;
Maia & Oliveira, 2010; Maia & Silva, 2016; Maia et al.,
2008; Monteiro et al, 1994, 2004; Oliveira & Maia, 2005;
Rodrigues et al., 2014), one of the most threatened phys-
iognomies of the Atlantic Forest (MMA, 2018). These in-
ventories have recorded great richness of insect galls,
but none have focused on their economic importance.
The restinga consists of a mosaic of plant communities
(Rizzini, 1997) that grow on sandy and chemically-poor
soils, with sea spray as the main source of nutrients
(Araljo & Lacerda, 1987). They comprise several plant
species of local or widespread economic importance,
and so the gallers that are associated with them are also
of economic significance, since they are generally spe-
cies-specific and can cause severe damage to their hosts.
Since the restinga is the best investigated Brazilian phys-
iognomy with respect to insect galls, it is an ideal eco-
system for studying the economic significance of galling
insects.

Thus, the objectives of the present study were to
compile a list of gall-inducing insects in restingas that
have potential economic significance, and to present the
current state of knowledge regarding their biology and
geographical distribution.

MATERIAL AND METHODS

A comprehensive list of gall-inducing insects report-
ed for Brazilian restingas was compiled starting with
Maia (2013a). More recent data were then obtained by
searching the Thompson ISI database for papers pub-

Maia, V.C.: Gall-inducing insects of restinga areas: economic importance

lished from 2013 through 2017 using ‘Insect (title) and
gall (topic)’ as key-words (performed November 2017).
Among the resulting papers, those with a focus on rest-
ingas were verified. Botanical names were updated using
the site “Flora do Brasil, 2020” and a list of synonyms was
developed to aid in the search of host plants, while plant
common names were obtained from Zanith & Scarano
(2004). The potential economic significance of host plant
species was acquired from Santos et al. (2009) and the
site Useful Tropical Plants (2014). Data on gallers, gall
morphology, natural enemies and geographical distribu-
tions were also compiled.

RESULTS AND DISCUSSION

Fifty-eight (58) gall-inducing species were found in
association with 29 economically important plant spe-
cies of 18 families in Brazilian restingas (Table 1). Since
these gallers are species-specific (Carneiro et al., 2009),
they are considered economically important, at least po-
tencially. The inducers found belong to Diptera (n = 56)
and Hemiptera (2), with each order being represented
by two families: the former by Agromyzidae (n = 1) and
Cecidomyiidae (n = 55), and the latter by Eriococcidae
and Psylidae (Table 1).

The economically important Cecidomyiidae found in
the present study are distributed among 28 genera, of
which seven are wide spread (Asphondylia Loew, 1850,
Bruggmanniella Tavares, 1909, Clinodiplosis Kieffer, 1894,
Contarinia Rondani, 1860, Dasineura Rondani, 1840,
Lopesia Riubsaamen, 1908b, and Schizomyia Kieffer,
1889), three occur in more than one zoogeographic re-
gion (Youngomyia Felt, 1908 in the Nearctic, Neotropical
and Oriental regions; and Neolasioptera Felt, 1908 and
Stephomyia Tavares, 1916 in the Nearctic and Neotropical
regions) and 18 are restricted to the Neotropics
(Alycaulus Ribsaamen, 1915, Arrabiadaeamyia Maia,
2001b, Clusiamyia Maia, 1997, Cordiamyia Maia, 1996a,
Costadiplosis, Viceconte & Maia, 2009, Dactylodiplosis
Ribsaamen, 1915, Epihormomyia Felt, 1915, Eugeniamyia
Maia, Mendonca & Romanowski, 1997, Jorgenseniella
Maia, 2005, Liodiplosis Gagné, 2001, Manilkaramyia Maia,
2001b, Mayteniella Maia, 2001b, Myrciamyia Maia, 1996¢,
Myrciariamyia Maia, 1995, Neomitranthella Maia, 1996c,
Parazalepidota Maia, 2001b, Paulliniamyia Maia, 2001b,
and Perasphondylia Méhn, 1960). Fourteen have been
reported only from Brazil (Arrabidaeamyia, Clusiamyia,
Cordiamyia, Costadiplosis, Dactylodiplosis, Eugeniamyia,
Jorgenseniella, Liodiplosis, Mayteniella, Myrciamyia,
Myrciariamyia, Neomitranthella, Manilkaramyia, and
Parazalepidota) (Gagné & Jaschhof, 2017), of which eight
can be considered endemic to the country because they
occur exclusively on Brazilian endemic host plant species
(Clusiamyia, Costadiplosis, Jorgenseniella, Mayteniella,
Myrciamyia, Neomitranthella, ~Manilkaramyia, — and
Parazalepidota). Six of these are endemic to the Atlantic
Forest and, until now, have been exclusively reported
for restingas (Clusiamyia, Costadiplosis, Jorgenseniella,
Neomitranthella, Manilkaramyia, and Parazalepidota).
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Maia, V.C.: Gall-inducing insects of restinga areas: economic importance

About 78% of the galling species compiled have been
recorded only in Southeast Brazil, and about 64% only
in the state of Rio de Janeiro, although their host plant
species have broader geographic distributions. These in-
consistencies between galler and host distributions are
likely the result of a lack of data. For example, until two
years ago Lopesia caulinaris Maia, 2003, L. cylindrica Maia,
2003 and L. linearis Maia, 2003 were known only from
Southeast Brazil, but as the result of the examination of
galled exsiccates deposited in several herbaria, the ex-
tent of their known distribution was greatly expanded,
even to include other countries of South and Central
America (Arriola et al.,, 2016).

Biological data for the economically important gal-
lers cited in the present study are scarce. To date, the
population dynamics of only nine species [Clusiamyia
nitida Maia, 1997, Cordiamyia globosa Maia, 1996a,
Dasineura gigantea Angelo & Maia, 1999, Dasineura glo-
bosa Maia, 1993b, Eugeniamyia dispar Maia, Mendonca &
Romanovski, 1996, Myrciamyia maricaensis Maia, 1996c,
Stephomyia rotundifoliorum Maia, 1994, Nothotrioza ta-
varesi (Crawford, 1925), and Tectococcus ovatus Hempel,
1990] have been studied (Maia, 1999a; Maia & Tavares,
2000; Angelo, 2007, 2008; Mendong¢a & Romanoswki,
2002a; Ferraz & Monteiro, 2003; Butignol & Pedrosa-
Macedo, 2003; Vitorino et al., 2000).

Data on natural enemies are also deficient, since
most records have been published at the taxonom-
ic levels of family and genus. Natural enemies include
mainly parasitoids, which are associated with 43 galling
species (about 74%) and are represented exclusively by
Hymenoptera of 13 families: Aphelinidae, Bethylidae,
Braconidae, Elasmidae, Encyrtidae, Eulophidae,
Eupelmidae, Eurytomidae, Mymaridae, Platygastridae,
Pteromalidae, Scelionidae, and Torymidae. Most records
of natural enemies are at the taxonomic levels of family
(n =43; about 51%) and genus (n = 26; about 32%), with
other categories totaling about 16% (order n = 7, tribe
n =1, subtribe n =1 and species n = 5)

At least 16 cecidogenous species are attacked by
more than one species of parasitoid. Among these,
Stephomyia rotundifoliorum, Cordiamyia globosa, Lopesia
erythroxyli Rodrigues & Maia, 2010, Paulliniamyia amp-
la Maia, 2001b, Dasineura ovalifoliae Maia & Carvalho-
Fernandes, 2011 and Youngomyia pouteria e Maia, 2001c,
host the greatest richness of parasitoids (9, 7, 5, 5, 4, and
4 species, respectively). However, the role of each of
these species in controlling the population of their host
remains unknown, as does their level of specificity, which
are essential data for evaluating their potential effective-
ness as biological control agents.

Predators, inquilines and even free-living larvae that
feed on galls have also been reported. The first, repre-
sented by cecidomyiids, pseudoscorpions, beetles, and
ants, have been associated with five galling species
and include records mainly at the genus level (n = 5),
but also at the family (n = 1) and species (n = 1) levels.
Although the last two guilds are phytophagous, they
can cause death to the galler by interfering with gall
growth, changing its morphology (in this case, they are

Pap. Avulsos Zool., 2018; v.58: 20185850
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referred to as gall modifiers), destroying the gall or com-
peting with the inducer for internal space and food. The
inquilines are represented by cecidomyiids and beetles.
The former have been associated with three gall-induc-
ing species and their records are at the genus (n = 2) and
species (n = 1) levels, while the latter were found in a
single gall. Finally, the free living species, recorded only
in galls of Neomitranthes obscura (DC.) N.J.E. Silveira, are
represented by a single species of moth, Stenoma annosa
(Butler, 1877) (Oecophoridae, Lepidoptera). This moth is
a facultative inquiline, which feeds on leaves of species
of Myrtaceae in restingas as well as on galled tissues.
Since the caterpillar is highly voracious, it can destroy
numerous galls, which always results in the galler’s death
(personal observation).

The impacts of all of these guilds on galler popula-
tions is poorly known since few studies on their biology
have been published. In fact, data on parasitoidism and
predation rates are known only for the nine cecidog-
enous species: Clusiamyia nitida, Cordiamyia globosa,
Dasineura gigantea, Dasineura globosa, Eugeniamyia dis-
par, Myrciamyia maricaensis, Stephomyia rotundifoliorum,
Nothotrioza tavaresi, and Tectococcus ovatus (Maia, 1999a;
Maia & Tavares, 2000; Mendonca & Romanowski, 2002b;
Bierhals et al.,, 2012; Ferraz & Monteiro, 2003; Butignol &
Pedrosa-Macedo, 2003; Vitorino et al., 2000).

Most of the gallers found in the present study are
associated with edible and/or medicinal plant species
(about 59% and 68%, respectively), but there are also
records of associations with plants used in agroforestry
and carpentry, or as ornamentals and repellents, among
others (Table 2). Some host plants have several uses,
which explains the association percentages summing to
more than 100%.

Although 58 gall-inducing species were identified in
the present study, the number of insect galls associated
with plants of economic interests in restinga environ-

Table 2. Number species host plants of economic importance and their
gall-inducing insect species of Brazilian restingas (Atlantic Forest).

Number of gall-inducing species

Host plant -
Use Number species
Carpentry 24 19
Edible 34 34
Medicinal 33 39
Agroforestry 14 13
Fuel and charcoal 13 8
Ornamental/gamish 12 n
Cabinet making 9 0
Used to make ropes/whips 4 3
Ceramic 3 —
Pesticidal/repellent 3 4
Hair/body oil 2 1
Source of tannins 2 2
Aromatic baths 1 —
Soap manufacture and lubrication 1 1
Veterinary medicine 1 1
Weaving baskets 1 —
Textile dyes 1 2
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ments is about three times greater, since a total of 186
gall morphotypes have been reported. Thus, 128 mor-
photypes were not included since the gall-inducing spe-
cies remain undetermined. These data reveal the present
deficiency of the taxonomical knowledge regarding gall-
ing taxa. Reasons for this scenario include: 1) a yet poorly
understood Brazilian fauna; 2) few taxonomists focused
on cecidogenous insects; 3) rearing gallers is difficult due
to high mortality rates and little biological data, so there
is often insufficient material for study; and 4) several
studies have focused on ecological patterns, and do not
consider galler identification.

This is the first list of cecidogenous insects of poten-
tial economic importance in Brazil, or in the Neotropical
Region for that matter. Other areas of the world are bet-
ter represented by such efforts, such as those of Barnes,
19463, b, 1948, 1949, 1951, for the Nearctic Region, and
Nijveldt, 1969; Harris, 1966; Jiang, 1994; and Skuhrava,
1997 in the Palearctic Region. However, it must be re-
membered that as far as the Neotropical Region and
Brazil are concerned, the present list is partial, as it focus-
es only on restinga environments. Nonetheless, this work
represents a starting point for future compilations.

CONCLUSIONS

Restinga environments harbor a great number of
gall-inducing species of potential economic importance.
Knowledge of their geographic distributions, biology
and impacts on host plants remains deficient, and their
role as pests needs to be evaluated. There remains a large
number of undetermined cecidogenous species, so an
effort to identify them, perhaps through rearing, is es-
sential. Since this list is restricted to restingas, studies of
other phytophysiognomies will certainly amplify knowl-
edge regarding the gall-inducing insects of potential
economic importance in Brazil.
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