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Abstract The genus Baccharis is composed of ca. 500 species which are distributed 
primarily in tropical America. It is dioecious and highly diverse in chemistry, archi-
tecture, phenology and occupy many different niches across several gradients of 
light, temperature, humidity, altitude and succession. It is host to the most speciose 
galling fauna, with more than 121 galling species on 40 host plant. This system 
provide an ideal scenario to test several ecological hypotheses, including the long 
standing plant sexual differences on timing and intensity of energy allocation, vigor, 
architecture and herbivore attack. Moreover its wide distribution enables to test 
latitudinal and altitudinal gradients on gall attack. We review the studies performed on 
these Neotropical shrubs related to galling insects. These studies have been crucial 
for the establishment of generalities and testing of ecological and evolutionary 
theories across the Americas, as well as to generate new ideas and hypotheses. For 
these reasons and power of the field and experimental observations we suggest 
that the galling insects on their Baccharis hosts may represent a Neotropical model 
system for studies on insect plant interactions.

Chapter 13
Baccharis: A Neotropical Model System 
to Study Insect Plant Interactions

G.Wilson Fernandes, Jhonathan O. Silva, Mário M. Espírito-Santo,  
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13.1  Introduction

There are thousands of hosts plant genera and species of galling insects throughout 
the world. But some of them offer unique opportunities for the study of galling 
insects. The inspiration they provide to the scientists may originate from a simple 
economic question to the bizarre shapes. Some plants attract the attention by diver-
sity of gallers that a single species or individuals present. Others are attracted by 
complexity of the interactions between the gall and the host plant or even with the 
galler’s natural enemies. But whatever the fascination is, some genera or species 
have been selected to bring to light the curiosities and peculiarities of this interac-
tion throughout the world. For instance, in the Neartic and Paleartic regions an 
astonishing amount of work have been developed on the genera Quercus (Felt 
1940), Salix (Price et al. 1995), Populus (Floate and Whitham 1995), Rose 
(Shorthouse and Rohfritsch 1992; Stone et al. 2002), and Solidago (Abrahamson 
and Weis 1997), to cite perhaps the most known ones. From the continued study of 
the interactions among the galling organisms and their host plants and associated 
fauna emerged many classical studies on the ecology of insect-plant interactions. 
Consequently, many hypotheses were tested, as well as raised, in modern ecology 
by the study of galling insects (e.g., Askew 1960; Cornell 1983; Price 1991; 
Fernandes and Price 1988, 1991, 1992; Fernandes 1990; Hartley and Lawton 1992; 
Hawkins and Compton 1992; Stone and Schönrogge 2003; Espírito-Santo et al. 
2007, 2012; Inbar et al. 2010).

In the Neotropics no other single taxa of galling host plants has been studied in 
such detail as Baccharis De Candole (Asteraceae). Based on a web of Science 
search with the words insect galls, galls, Cecidia, galling insects, galhas, gall-
mucken, agallas we were able to record at least 47 studies on galling insects on eight 
species of Baccharis in the last 25 years (1985–2012). Clearly, many other studies 
were developed on the genus Baccharis, owing to the interest generated by the study 
of their galling insects, but this escapes the purpose of this chapter.

Due to the accumulated knowledge and long term studies done so far, we show 
that the system Baccharis-galling insects serves as an excellent model where one 
could construct the basis for understanding patterns of adaptation, biodiversity and 
evolution in insect-plant relationships, as well as to test hypotheses on galling 
insects in the Neotropics at different scales.

13.1.1  Genus Baccharis

The genus Baccharis belongs to the Baccharidinae subtribe (Asteraceae), which is 
restricted to the American continent (Barroso 1976). The Baccharidinae probably 
appeared during the Middle Miocene when South America and Africa continents 
were totally separated by the Atlantic Ocean (Cox and Moore 1993), justifying its 
natural occurrence just in the New World. Baccharis is the largest genus of the 
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Baccharidinae subtribe, with more than 500 species distributed from south United 
States to Argentina (Boldt 1989). Interestingly, this number of species does not 
consider the hybrids that may be widespread in the genus (GWF, pers. observ.). 
Of the hundreds of species, 90 % occur in South America and most species are 
found in the south and southeastern regions of Brazil, suggesting that this region is 
the center of the genus origin (Jarvis et al. 1991). More than 120 species are known 
to occur in southeastern Brazil alone (Barroso 1976). All Baccharis species are 
perennial and dioecious shrubs, excepting Baccharis monoica, a species found in 
Mexico (Nesom 1988). Besides, many species of Baccharis disperse their seeds over 
long distances, optional demand of light for the germination, seed shade tolerant 
with wide adaptability to soil nutrient concentration and ability to sprout after fire. 
All these traits favor their establishment and development in nutritionally poor and 
disturbed areas (Gomes and Fernandes 2002).

Baccharis species are known in traditional culture for treatment of diseases as 
female infertility and male impotence, gastrointestinal and liver disorders, anemia, 
diabetes, diarrhoea, infections, cancer, gout, rheumatism, ulcers, skin problems and 
others (Abad and Bermejo 2007). Currently, about 120 Baccharis species are being 
investigated for production of phytochemicals for pharmaceutical, cosmetic and 
other applications (Verdi et al. 2005). According to Abad and Bermejo (2007), over 
150 compounds have been isolated and identified from this genus. Many substances 
isolated from Baccharis have been used as medicine (e.g. trichothecenes from 
B. coridifolia, used as antiviral), perfumes (essential oils of B. dracunculifolia, 
B. uncinella, B. genistelloides, B. trimera) and repellents (terpenoids and flavonoids 
found in many species), among other products (Jarvis et al. 1988; Argandoña and 
Faini 1993; Ferracini et al. 1995; Agostini et al. 2005; Verdi et al. 2005; Wollenweber 
et al. 2006). The Baccharis species more deeply studied chemically are B. megapo-
tamica, B. incarum, B. trimera, B. trinervis, B. salicifolia, B. crispa, B. coridifolia, 
B. dracunculifolia, B. grisebachii and B. tricuneata (Verdi et al. 2005).

The species of the genus Baccharis also harbors many ecological associations. 
One of the most known interactions is the relationship between B. dracunculifolia 
and africanized honey bee Apis mellifera (Kumazawa et al. 2003). This bee collects 
resin from apical buds of B. dracunculifolia and uses it to produce a resinous layer 
inside the hive, known as green propolis (Teixeira et al. 2005). This resinous mass, 
due to the antiseptic, anti-inflammatory, anti-cancer and healing properties, is 
widely studied, commercialized and used primarily by pharmaceutical and cosmet-
ics industry (Banskota et al. 2001; Chan et al. 2012). Among the chemicals isolated 
from propolis, it is worth noticing the presence of flavonoids, phenylpropanoids, 
phenolic acids and essential oils (Kumazawa et al. 2003; Teixeira et al. 2005). In 
this way, due to great ecological importance and associated fauna, Baccharis serve 
as Neotropical model system to study insect-plant interactions.

A large number of galls induced by insects have been studied on many species of 
the genus Baccharis. The genus Baccharis likely support the highest galling insect 
fauna of the Neotropical region, with more than 121 galling species reported on 40 
host plants more than a decade and half ago (Fernandes et al. 1996). Probably no 
other Neotropical galling community and host plant genus has been studied in such 
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detail as this one. These studies vary from simple description of the gall  morphotypes 
to anatomical descriptions of the galls to more detailed and/or long term ecological 
studies. Here we provide some ecological background information on the system 
Baccharis-galling herbivores.

The largest majority of the studies on galling insects on Baccharis were done on 
Brazilian species. Likely, the system comprised by Baccharis dracunculifolia DC 
and Baccharopelma dracunculifoliae (Hemiptera: Psyllidae) was the best studied 
single system in the Neotropics, with more than 15 publications (Araújo et al. 1995; 
Collevatti and Sperber 1997; Espírito-Santo and Fernandes 1998, 2002; Faria and 
Fernandes 2001; Fagundes et al. 2001, 2005; Ribeiro-Mendes et al. 2002; Espírito- 
Santo et al. 1999, 2003, 2004, 2007, 2012; Fagundes and Fernandes 2011). Studies 
on other species of Baccharis also deserve to be mentioned due to their relatively 
high numbers, such as B. concinna, B. pseudomyriocephala, and B. ramosissima 
(Madeira et al. 1997; Araújo et al. 2003, 2006; Carneiro et al. 2005, 2006; Espírito- 
Santo et al. 2007, 2012; See Table 13.1 for more details). In this chapter we review 
the studies performed primarily on B. dracunculifolia, B. concinna, and 
B. ramosissima.

13.2  The Diversity of Galling Insects on Baccharis

The highest number of galling species in the Neotropics has been recorded on spe-
cies of the genus Baccharis. We must recognize, however, the high galling species 
richness on other systems, such as on the speciose genera Quercus (135–200 spp.) 
in Mexico and southeastern US (Manos et al. 1999), Copaifera (23 spp.) southeast-
ern Brazil (Costa et al. 2010), Protium (17 spp.) in the Amazonian region (Maia 
2011), Eucalyptus (12 spp.) in Australia (Blanche 2000), and Chrysothamnus 
(39 spp.) in southwestern North America (Fernandes et al. 2000). Fernandes et al. 
(1996) reviewed the galling insects on B. dracunculifolia, B. ramosissima and 
B. concinna during four consecutive years, and extracted data from literature from 
other 37 species of Baccharis. The review resulted in the discovery of 121 species 
of gall inducing insects on 40 different Baccharis species. Gallers were not evenly 
distributed across host plant species while only four species of Baccharis (10 % 
of the species studied) supported 46 % of the total galling fauna (56 galling 
species). The host plants that supported the highest numbers of gallers were 
B. dracunculifolia (17 spp.), B. concinna (15 spp.), B. salicifolia (13 spp.), and 
Baccharis sp. 1 (11 spp.).

In the southeastern mountains of Brazil, the Mantiqueira and Espinhaço moun-
tains, we have recorded 106 galling species on 17 Baccharis species (Table 13.2; 
Figs. 13.1, 13.2, and 13.3). In this study, the highest richness of galling insects (13 
galling species) was recorded on B. dracunculifolia. The study also recorded a large 
richness of galling insects on B. minutiflora (12 spp.), B. cognate (10 spp.), B. retic-
ularia (9 spp.), B. intermixta (8 spp.), and B. concinna (7 spp.). Six galling species 
each was recorded on B. ramosissima, B. helychrysoides, and B. truncata, with 
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Table 13.1 Summary of studies that tested ecological hypotheses on galling insects on Baccharis 
species in Neotropical America

References Ecosystem, country Host Tested hypotheses

Araújo et al. (1995) Cerrado (savanna), 
Brazil

B. dracunculifolia (1) Sex-mediated 
herbivory

Collevatti and 
Sperber (1997)

B. dracunculifolia (1) Plant architecture
(2) Host plant patch size

Madeira et al. 
(1997)

Cerrado (savanna), 
Brazil

B. concinna (1) Vigor hypothesis

Espírito-Santo and 
Fernandes (1998)

Cerrado (savanna), 
Brazil

B. dracunculifolia (1) Gall abundance 
seasonality

(2) Sex-mediated 
differences in tannin 
gall abundance and 
mortality rates

(3) Tannin concentration 
on gall abundance

Faria and 
Fernandes 
(2001)

Ecotone Atlantic 
rainforest and 
cerrado (savanna), 
Brazil

B. dracunculifolia (1) Vigor hypothesis
(2) Sex-mediated gall 

abundance

Fagundes et al. 
(2001)

Rupestrian fields B. dracunculifolia (1) Resource concentration

Espírito-Santo  
and Fernandes 
(2002)

Dry forest  
and cerrado 
(savanna), Brazil

B. dracunculifolia (1) Sex-mediated gall 
survivorship

Ribeiro-Mendes 
et al. (2002)

Atlantic rainforest, 
cerrado and 
rupestrian field, 
Brazil

B. dracunculifolia (1) Hygrothermal stress 
hypothesis

(2) Sex-mediated gall 
survivorship

Araújo et al. (2003) Semi-deciduous forest B. pseudomyriocephala (1) Vigor hypothesis
(2) Meristems availability
(3) Sex-mediated gall 

abundance
Espírito-Santo et al. 

(2004)
Cerrado (savanna), 

Brazil
B. dracunculifolia (1) Parasitoid attack on 

gall growth dynamics
Fagundes et al. 

(2005)
Semi-deciduous 

forest, Brazil
B. dracunculifolia (1) Ant effects on galling 

growth, Performance 
and parasitoidism

Carneiro et al. 
(2005)

Cerrado (savanna)  
and rupestrian 
field, Brazil

B. concinna (1) Hygrothermal stress 
hypothesis

(2) Atitudinal gradiente
(3) Sex-mediated 

herbivory
Carneiro et al. 

(2006)
Rupestrian filed, 

Brazil
B. concinna (1) Intersexual differences

(2) Sex-mediated 
herbivory

Araújo et al. (2006) Semi-deciduous 
forest

B. pseudomyriocephala (1) Plant architecture  
on gall abundance  
and performance
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three galling species each recorded on B. serrulata, B. ligustrina, and B. medullosa. 
Only one galling species was recorded on B. oreophila. These galls were all ascribed 
to insects after the analysis of internal remains. Among the 106 galling species, 47 
species (44 %) were not previously reported, hence representing new species and 
records. Among the 59 identified ones, the majority (68 %) was induced by 
Cecidomyiidae, followed by Lepidoptera (17 %), Psyllidae (12 %), Tephritidae 
(1.7 %), and Curculionidae (1.7 %). The high number of galls induced by the 
Cecidomyiidae is a trend already reported on several other faunal studies in the trop-
ics (see Mani 1992; Fernandes et al. 1996; Carneiro et al. 2009a; Coelho et al. 2009; 
Santos et al. 2011). Carneiro et al. (2009b) studying the galling insects in the 
Espinhaço mountain range supported the assertion that rupestrian fields present are 
one world hotspot for galling insects (Lara and Fernandes 1996) and that the 
Baccharis is the most speciose genus (see Fernandes et al. 1996). These mountains 
are extremely species rich and harbor one of the most spectacular flora of the world 
(see Safford 1999).

13.3  Super Host Baccharis Species

Some Neotropical families of plants are notably rich in galling insects including 
Leguminosae sensu lato, Asteraceae, Myrtaceae, Malpighiaceae, Rubiaceae, and 
Bignoniaceae (Fernandes 1992; Fernandes et al. 1988, 1997; Julião et al. 2002; 
Carneiro et al. 2009b). One of the main determinants of galling species richness is 
the taxonomic composition of the flora. This conclusion is supported by the fact that 
a few taxa of host plants concentrate a large number of insect species, regardless of 
the sample (Fernandes 1992; Hawkins and Compton 1992). Host plants with high 
gall diversity have been named super host (Fernandes and Price 1988; Veldtman and 
McGeoch 2003; Espírito-Santo et al. 2007; Costa et al. 2010, 2011). The presence 
of “super hosts” is common in some tropical regions; hence contributing to the 
increase of the local and regional gall richness in the communities. Baccharis is 
certainly a super host genus.

Table 13.1 (continued)

References Ecosystem, country Host Tested hypotheses

Espírito-Santo et al. 
(2007)

Canga, rupestrian 
field and Cerrado 
(savanna), Brazil

17 Baccharis species (1) Plant architecture
(2) Meristem availability

Fagundes and 
Fernandes 
(2011)

Canga, rupestrian 
field and Cerrado 
(savanna), Brazil

B. dracunculifolia (1) Latitudinal gradient

Espírito-Santo et al. 
(2012)

Cerrado (savanna) 
and rupestrian 
field, Brazil

B. dracunculifolia (1) Intersexual differences
B. concinna (2) Sex-mediated herbivory
B. ramosissima (3) Plant phenology and 

gall synchronism

G.W. Fernandes et al.

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

t1.51

t1.52

t1.53
t1.54

t1.55

t1.56

t1.57

t1.58

t1.59

t1.60
t1.61

t1.62

t1.63
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Fig. 13.1 Galling insect morphospecies found on Baccharis genus in Brazil. Baccharis ramosissima 
(a–f), B. dracunculifolia (g–m) and B. concinna (n–o)

G.W. Fernandes et al.



Fig. 13.2 Galling insect morphospecies found on Baccharis genus in Brazil. Baccharis concinna 
(a–e), B. tarchonanthoides (f), B. trinervis (g–h), B. ligustrina (i–k), B. reticularia (l–n) and B. 
truncata (o)

13 Baccharis: A Neotropical Model System to Study Insect Plant Interactions



Two galling insect genera are commonly found on the species of Baccharis 
throughout the Espinhaço mountains. The genus Geraldesia (Diptera: Cecidomyiidae) 
was recorded on nine species of Baccharis, while the genus Baccharopelma 
(Hemiptera: Psyllidae) was recorded on seven Baccharis species (Table 13.2). 
These genera may have experienced a large radiation inside this host genus, such as 
the genus Asphondylia (Cecidomyiidae) on Larrea tridentata (Waring and Price 
1990). This similarity could lead to a convergence in community structure of gall-
ing insects. Host shift followed by subsequent reproductive isolation, adaptation, 
and ultimately speciation and radiation through sympatric speciation seems a plau-
sible hypothesis (see also Craig et al. 1997). But while galling species radiations 
can be seen in some species of Baccharis, another interesting evolutionary aspect 
in this system is the distinct communities of galling insects attacking single host 
species. Baccharis tend to host gallers of different and unrelated taxa, such as 

Fig. 13.3 Galling insect morphospecies found on Baccharis genus in Brazil. Baccharis truncata 
(a), B. intermixta (b–d), B. minutiflora (e–i)

G.W. Fernandes et al.
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dipterans, lepidopterans, hemipterans, coleopterans, thysanopterans, and even 
mites and mistletoes. Therefore, a peculiar or singular feature of the galling com-
munity on Baccharis spp. is the broad range of species composition. While in some 
galling speciose systems around the world we primarily see a diversification of a 
single taxon of gallers within the hosts, such as in Quercus (Cynipidae) (Shorthouse 
and Rohfritsch 1992; Stone et al. 2002), and Larrea tridentata (Asphondylia) 
(Waring and Price 1990), for instance, in Baccharis we observe many unrelated 
insect taxa attacking a single host species (see Fernandes et al. 1996; Espírito-
Santo et al. 2007, 2012).

Curiously, we also observe each Baccharis host plant species having its own 
galling species of the genus Baccharopelma (Burckhardt et al. 2004). Based on gall 
abundance, Baccharopelma (Hemiptera: Psyllidae) (Burckhardt et al. 2004) has 
been shown to be the most abundant galling genus on Baccharis (Espírito Santo 
et al. 2007, 2012). Baccharopelma dracunculifoliae represents 80 % of the galls 
found on B. dracunculifolia, whereas Baccharopelma concinnae represents 56 % of 
the galls on B. concinna, and Baccharopelma brasiliensisis responsible for 53.5 % 
of the galls on B. ramosissima. The reasons for the dominance of these galling 
hemipteran species on their hosts awaits further investigation.

While no evolutionary studies on the host relations with the galling fauna were 
developed so far in this genus, speciation through host shifting, species radiation 
within single hosts, plus colonization by different taxa are all taking place. The 
combination of these phenomena may account for such high and unprecedented 
diversity. In spite the fact that studies phylogenetic studies on the genus Baccharis 
are still underway, its species present similar architecture (see Table 13.3), and 
biology what could select for similar chemistry, physical and physiological traits 
(Espírito-Santo et al. 2007, 2012). The only system most similar to that found in 
Baccharis is perhaps that of Chrysothamnus spp. (Asteraceae) in southwestern 
United States, where at least dozens of still undescribed species of galling insects 
belonging to Tephritidae, Cecidomyiidae, and Lepidoptera are observed on 
hybrids and sub-species of Chrysothamnus (e.g. Floate et al. 1996; Fernandes 
et al. 2000).

13.4  Global and Regional Patterns of Gall  
Diversity on Baccharis

13.4.1  Latitudinal Gradient

Fagundes and Fernandes (2011) tested the spatial heterogeneity hypothesis in galling 
insects by evaluating the variation in richness of galling herbivores associated with 
17 populations of a single species of host plant, Baccharis dracunculifolia. Habitats 
were maintained somehow homogeneous along the distributional limits of the host 
plant, near the Brazilian sea coast (for details see Fagundes and Fernandes 2011). 
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The authors did not find support for the spatial heterogeneity hypothesis; indicated 
by the lack of variation of galling insect richness associated with B. dracunculifolia 
along the latitudinal gradient studied. This result associated with the fact that the 
genus Baccharis is more species-rich in the southern region of Brazil (see Jarvis 
et al. 1991) and the narrow host plant requirements of gall-inducing insects (special-
ists) (see Carneiro et al. 2009a) support the hypothesis that galling insect associated 
with the genus Baccharis radiated into the southern region of Brazil (Fagundes and 
Fernandes 2011).

13.4.2  Altitudinal Gradient

Galling insect species diversity is generally negatively correlated with altitude 
(Fernandes and Price 1988, 1991; Fernandes and Lara 1993), whereas in some cases 
galling insect diversity peaks at intermediate altitudes (Waring and Price 1990). 
Fernandes and Price (1991) observed that the negative relationship between altitude 
at regional scale and galling species richness was heavily dependent on xeric habitat 
than mesic habitat, suggesting that altitude is a spurious correlate, and environmen-
tal harshness is the key factor determining galling species richness. Such a conclu-
sion is supported by the latitudinal pattern.

Carneiro et al. (2005) verified the effects of the altitudinal gradient (800–1,400 m) 
on the galling insect community on Baccharis concinna within the same latitude. 
The total number of galling species and the richness of galling cecidomyiids showed 
a peak at intermediate altitudes (= 1,100 m). The richness of all galling species and 
galling cecidomyiids were strongly influenced by habitat. A similar peak has been 
reported for Asphondylia spp. (Cecidomyiidae) on Larrea tridentata by Waring and 
Price (1990) in North America. Since Carneiro et al. (2005) used a system nearly 
void of confounding effects (effects of latitude, plant species richness, and plant 
architecture controlled as only a single host taxon was studied), the results indicate 
that local factors were more important than regional factors structuring the galling 
insect community on B. concinna.

13.5  Local Patterns of Gall Diversity on Baccharis

13.5.1  Architecture and Galling Insects

Among the plant traits known to affect herbivorous insects, architecture is probably 
the least studied (Marquis et al. 2002). According to Lawton (1983), plant architec-
ture has five components: size, growth form (mainly herbs, shrubs, and trees), sea-
sonal development, variety of above-ground parts, and the persistency of these 
parts. Baccharis represents an ideal system to verify architectural features effects on 
gall attack since interspecific variation in architecture is high, with species varying 
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from 0.3 to 4 m in height, and with very distinct ramification patterns (see Barroso 
1976); thus allowing comparisons between species with great discrepancy in archi-
tecture and gall richness.

Espírito-Santo et al. (2007) investigated the influence of plant architecture on the 
speciose fauna of gall-inducing insects associated with the 17 species of Baccharis 
previously cited (Table 13.3). Five architectural variables were evaluated: plant 
height, number of fourth-level shoots, biomass, average level, and number of rami-
fications (Table 13.3). Fourth-level shoots are usually young and possess many 
sprouting leaves, therefore being a natural indicator of the amount of active meri-
stems in a given individual. Higher-level shoots (e.g., fifth and sixth level) are 
encountered only in few architecturally complex individuals of some Baccharis 
species and hence were not considered here for clarity (for details see Espírito- 
Santo et al. 2007).

The higher richness and abundance of galling insects was found on host species 
that presented the higher number of ramifications (architecturally complex) 
(Fig. 13.4). The most important architectural trait influencing gall richness at the 
species level was the number of fourth-level shoots, which is indicative of the 
availability of plant meristems, a fundamental tissue for gall induction and 
development (Fig. 13.5). This variable also showed a positive correlation with gall 

Fig. 13.4 Relationship between total (a) gall richness and (b) abundance and number of ramifica-
tions for 17 species of Baccharis

G.W. Fernandes et al.
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richness and abundance at the individual level on B. concinna, B. dracunculifolia, 
and B. ramosissima (see also Sect. 13.5.2). Hence, plant individuals and species 
with a higher average number of fourth-level shoots may support a higher richness 
of galling insects.

Galling insects require relatively undifferentiated tissues for the induction and 
development of galls (Mani 1964; Weis et al. 1988; Rohfritsch 1992). In general, 
apical dominance is reduced on shrubs (Steeves and Sussex 1989; Sussex and Kerk 
2001) and the plants maintain a steady supply of young branches suitable for attack 
by galling female (Price et al. 1996). Variations in gall richness among host species 
may be driven by interspecific differences in plant architecture via availability of 
young, undifferentiated tissue, which is genetically controlled by the strength of the 
apical dominance. This is reinforced in our studies (see Espírito-Santo et al. 2007), 
in which Baccharis species with higher meristem availability supported higher gall 
richness and abundance. Corroborating this finding, Araújo et al. (2003) showed 
that galling insect richness on Baccharis pseudomyriocephala was positively related 
to host architectural complexity (height, biomass, and shoot size). Although many 
factors influence the evolutionary radiation of galling species (e.g., plant chemistry, 
physical defenses, phenology, gall competition and natural enemies), we must yet 
untangle the role of resource availability and meristem dynamics in the system 
(Espírito-Santo et al. 2007).

13.5.2  Dioecy and Gall Attack

Plants have limited resources for their physiological processes and there is a 
trade- off between the various processes. Dioecious plants present different 
 adaptations related to each gender investing differentially their nutrients and 
energy into reproduction, growth rates and production of chemical compounds. 

Fig. 13.5 Relationship between total gall richness and the average number of fourth-level shoots 
per species for 17 species of Baccharis (y = 0.05x + 3.50, r2 = 0.62)
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Female plants growth rates are lower than in male plants, while male plants may 
 experience greater damage by herbivores than female plant conspecifics (Ågren 
1987; Boecklen et al. 1990, 1994; Herms and Mattson 1992; Cornelissen and 
Stiling 2005). In dioecious species, where male and female plants have different 
growth rates, the resource availability hypothesis predicts that: (1) female plants 
(slow growth) invest more resources in the production of secondary compounds 
against herbivores than male plants (rapid growth); and that (2) female plants due 
to the high concentration of secondary compounds will be less attacked by her-
bivores than males. Several studies have indeed indicated that female plants are 
less attacked by different guilds of herbivores, including free-feeding and galling 
herbivores (Boecklen et al. 1990; Boecklen and Hoffman 1993), other inverte-
brate herbivores (Elmqvist et al. 1991), herbivorous mammals (Danell et al. 
1985, 1991; Hjaltén 1992), and fungi (Varga and Kytöviita 2008), while some 
exceptions were found (e.g., parasites, Gehring and Whitham 1992; and patho-
gens, Lee 1981).

The system comprised of Baccharis species and their gall-inducing insects 
appears to provide an ideal scenario to test for plant sexual differences on timing 
and intensity of energy allocation and herbivory attack. The effects of vegetative 
(number of fourth-level shoots and relative shoot growth rate) and reproductive 
traits (inflorescence number) on gall attack on Baccharis dracunculifolia, B. con-
cinna, and B. ramosissima was studied during a 1 year period. Intersexual differ-
ences were only observed in inflorescence number on B. concinna, in which was 
male biased (Fig. 13.6). On the other hand, gall abundance did not differ between 
sexes of the three Baccharis species studied (Fig. 13.7).

Females of B. concinna produced a significantly higher number of inflorescences 
than males. However, this species is wind-pollinated (Barroso 1976) and has the 
smallest inflorescences among the three species studied. Its low-cost flowers are 
produced during throughout the year by both gender (see Espírito-Santo et al. 2012). 
Thus, due to the absence of differences in relative shoot growth rate between gen-
ders, a high female investment in flowering do not provoke a trade-off between 
reproduction and growth, ultimately resulting in the absence of difference of gall 
abundance between sexes. Furthermore, carbon-based defenses such as tannins do 
not vary between sexes in B. dracunculifolia (Espírito-Santo et al. 1999), although 
nothing is yet known for the chemistry of B. concinna and B. ramosissima. In gen-
eral, plant sex does not seem to be an important variable that affects gall attack on 
Baccharis.

The findings in these three species corroborate the previous studies in this speci-
ose genus (Espírito-Santo and Fernandes 1998; Faria and Fernandes 2001; Araújo 
et al. 2003; Carneiro et al. 2006; Espírito-Santo et al. 2012). On B. dracunculifolia, 
Faria and Fernandes (2001) did not find difference in relative growth rate and gall 
abundance between sexes, whereas Espírito-Santo and Fernandes (1998), and 
Ribeiro-Mendes et al. (2002) were not able to find any statistically significant dif-
ference on gall performance (e.g. gall parasitoidism and predation) between sexes. 
In B. pseudomyriocephala, Araújo et al. (2003) also failed to verify any effect of 
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host plant gender on shoot size, meristem availability or gall attack. Although the 
abundance of galling insects showed a positive correlation with shoot size, larval 
survivorship was not influenced by shoot size. Finally, although B. concinna male 
plants presented longer shoots and a lower average number of inflorescences than 
female plants, no statistically significant difference was found in the number of galls 
between male and female plants (Carneiro et al. 2006).

Fig. 13.6 Average (a) number 
of fourth-level shoots,  
(b) relative shoot growth  
rate and (c) inflorescence 
number on male and female 
individuals Baccharis 
dracunculifolia, B. concinna 
and B. ramosissima. Data 
were measured every 3 weeks 
during 1 year and averaged 
per plant species (mean ± s.e.)
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In spite of the intersexual differences in B. concinna (e.g., number of inflorescence), 
the Baccharis species do not exhibit significant differences in growth rates, number 
of shoots, nutritional status, and chemical properties between male and female 
plants. At this moment, there is compelling evidence to the lack of differential gall 
attack between host plant sexes. Our long-term data support the hypothesis that 
shoot growth rate is an important variable influencing temporal variations in gall 
attack, whereas the number of fourth-level shoots is responsible for spatial and indi-
vidual differences in plant susceptibility regardless of plant gender.

13.6  Concluding Remarks

Baccharis support the highest galling insect fauna in the Neotropics and is a super 
host genus for gall inducing insects. Within single species or within the genus, many 
insects belonging to different taxa succeeded, evolved and radiated to form one of 
the most spectacular communities of gallers in the world. Their study has been cru-
cial for the establishment of generalities and testing of ecological and evolutionary 
theories across the Americas, as well as to generate new ideas and hypotheses. 
For these reasons and power of the field and experimental observations we suggest 
that the galling insects on their Baccharis hosts may represent a Neotropical model 
system for studies on insect plant interactions.

Fig. 13.7 Average number of galls (mean ± s.e.) on male and female individuals of Baccharis 
dracunculifolia, B. concinna and B. ramosissima. Galls were counted every 3 weeks during 1 year 
and averaged per plant species
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